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SUMMARY OF PROCEEDINGS OF THE FORTY-FIFTH ANNUAL 


Net 


The following Summary records the action taken by the Society at the Annual 
Meeting on the Recommendations Affecting Standards and Tentative Standards 
appearing in the annual reports of the standing committees. 
mittee reports attention is called through an editorial footnote to any modifications 
of the recommendations or where the recommendations of the committee were not 
approved. In all other instances it is to be understood that the recommendations 
were approved as submitted by the committee. The new and revised standards and 


MEETING 


_ AtTLantic City, N. J., June 22-26, 1942 


In the individual com- 


tentative standards are published in the 1942 Book of A.S.T.M. Standards, Parts I, 


II, and III. 


This summary of the Forty-fifth An- 
nual Meeting of the American Society 
for Testing Materials, held at Chalfonte 
—Haddon Hall, Atlantic City, N. J., 
June 22-26, 1942, is a record of the trans- 
actions of the meeting including the 
actions taken on the various recom- 
mendations submitted by the standing 
committees. In all, 16 sessions were 
held. 

The Proceedings are set forth session 
by session. There were 60 reports and 
56 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports 
having been grouped so as to cover the 
acceptance of material for publication as 
tentative, such as new specifications, 
methods of test, revisions of tentative 
standards and proposed revisions of 
existing standards, and as a separate 
group, the approval of matters that 
were referred to letter ballot of the 
Society, comprising the adoption of 
tentative standards as standard and 
the of of otendends. 


Except as noted, the reports and papers appear in this volume. 


Accordingly, wherever the action is 


reported as “adopted as standard,” 


it is understood that this indicates ap- aes 


proval of the annual meeting for refer- 


ence to letter ballot of the Society. The b Ex 


various recommendations so recorded 
are included in the Society letter ballot.' 
The actions designated as “accepted as 

tentative” are self evident as indicating _ 


acceptance by the Society at the annual _ i 


meeting for publication as tentative. — 
While all of the items on the program 


are recorded under the particular ses- _ 
sion in which they were presented, for _ 

convenience in locating actions with 


respect to any particular report, the ~ 


accompanying list is presented of all a 
the reports together with the page refer- am 


ence where the action thereon is recorded. 


The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 835; committee members, _ 


264; guests, 275; total, 1374; ladies, 219. 


1The letter ballot on recommendations affecting A 


standards, distributed to the Society membership, was 
1942 and all actionswere 


canvassed on September 1, 
approved. 
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Symposium on Radiography 

as oe Join Committee on Definitions of Terms Relating to Heat Treatment 
ea oint Research Committee on Effect of Temperature on the Properties of Metals. . 
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First, SECOND, AND FirtH SESSIONS—SYMPOSIUM ON RADIOGRAPHY 


TUESDAY, JUNE 23, 9.30 a.m., 1 P.M., AND 8 P.M., RESPECTIVELY 


President G. E. F. Lundell, chairman. 


President Lundell, in opening the 
Forty-fifth Annual Meeting extended a 
very cordial welcome to all members and 
guests of the Society in attendance. He 
expressed the belief that from attendance 
records and other indications, this meet- 
ing promised to be one of the most 
successful in the history of the Society, 
and that this was most encouraging con- 
sidering that the membership as a whole 
has so many activities at the present 
time. President Lundell referred briefly 
to the complete program for the meeting 
replete with symposiums, round table 
discussions and technical sessions at 
which the technical papers and annual 
reports of the committees would be pre- 
sented, many of them having a direct 
bearing on the war effort. He also 
stated that the scheduled meetings of 
standing committees and their subcom- 
mittees gave promise of further valuable 
contributions by the Society in the 
standardization and promotion of knowl- 
edge of engineering materials. 


Committee E-7 on Radiographic Testing: 
A brief oral progress report was pre- 
sented by H. H. Lester, chairman. 


Symposium on Radiography: 

President Lundell in opening the Sym- 
posium on Radiography, the second held 
at an annual meeting of the Society, re- 
ferred to the timely nature of such an 
i iterestinz series of papers which he indi- 
cited should help to clarify the pro- 
cejures and applications of this impor- 
tant method of testing, particularly in the 
testing and inspection of war materials. 
This symposium was arranged in order 
to acquaint the engineering profession 
with the most recent developments in 
bie and radium radiography of en- 
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gineering materials and to provide those 
interested with an opportunity to discuss 
and coordinate their ideas and methods 
of procedure. 

Since radiography as a tool for testing 
materials is relatively new, numerous 
problems have arisen since the first 
Symposium was held in 1936,? partly 
brought about by the phenomenal in- 
crease in the applied voltage and a more 
extended use of radium. There has 
also been a diversification with regard 
to the products now studied by radio- 
graphy due to the increased war industry 
which has given rise to numerous prob- 
lems. Some radiographers have been 
more successful in solving these problems 
than others, and an exchange of ideas 
provided by such a symposium might 
contribute considerably to the war effort. 
The papers comprising the symposium 
were then presented at the three sessions, 
as follows: 


First Session Co-Chairmen: Lars Thomas- 
sen; Gilbert E. Doan 

Some Aspects of X-ray Inspection Ap- 
plied to Testing and Production—Don 
M. McCutcheon, presented from man- 
uscript by the author. 

Radiography of Welds and Weldments— 
R. E. Lorentz, Jr., presented from 
manuscript by the author. 

Some Calibration Data and Scatter 
Measurements for the Radiography 
of Magnesium Aircraft Castings—L. 
W. Ball, presented from manuscript 
by the author. 

A Correlation of the Mechanical Proper- 
ties and Radiographic Appearance of 
Magnesium Alloy Castings—R. S. 
Busk, presented by the author. 


2 Symposium on Radiogra and X-ray Diffraction 
Methods, Thirty-ninth fiogrant Meeting, June 30-July 1 


1936. (Symposium issued as separate — 
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Second Session Co-Chairmen: Herman E. 
Seemann; James J. Curran. 

Application of High Voltage X-rays in 
the Boiler Shop—O. R. Carpenter, 
presented from manuscript by the 
author. 

The Gamma-Ray Radiography of 
Welded High-Pressure Power Plant 
Piping—R. W. Emerson, presented by 
the author. 

Contrast and Latitude in Steel Casting 
Radiography with Million-Volt X-rays 
—C. D. Moriarty, presented in ab- 
stract by W. A. Williams. 

Methods of Evaluating the Qualities of 
the New Type X-ray Films and Equip- 
ment—T. A. Triplett and Vance Dan- 
ford, presented in abstract by Mr. 
Danford. 

An Investigation of the Apparatus Used 
in Radium Radiography—L. W. Ball 
and D. R. Draper, presented from 
manuscript by Mr. Ball. 


PROCEEDINGS 


Fifth Session Co-Chairmen: J. T. Norton; 
R. A. Gezelius. 

An Exposure Meter for X-ray Radiog- 
raphy—Herbert Friedman and Arthur 
L. Christenson, presented from manu- 
script by Mr. Friedman. 

A Study of Cassette Design for the 
Radiography of Aircraft Castings— 
L. W. Ball, presented from manuscript 
by the author. 

Equivalent Penetrameters in Radiog- 
raphic Testing—Robert J. Schier and 
Gilbert E. Doan, presented from 
manuscript by Mr. Doan. 

Precision Radiography—III—Robert J. 
Schier and Gilbert E. Doan, presented 
from manuscript by Mr. Doan. 

A Million-Volt Portable X-ray Unit— 
Ernest E. Charlton and W. F. Westen- 
dorp, presented from manuscript by 
Mr. Westendorp. 


Turrp SEssionN—ELEcTRICAL INSULATING MATERIALS, PAINT, RUBBER, TEXTILES 


TUESDAY, JUNE 23, 2 P.M. 


Session Co-Chairmen: M. F. Skinker; 
Vice-President H. J. Ball. 


Sectional Committee C59 on Electrical 
Insulating Materials: 
Report presented by H. L. Curtis, 
chairman. 


Committee D-9 on Electrical Insulating 

Materials: 

Report presented by T. Smith Taylor, 
chairman, and the following actions 
taken: 

to 
Test for Sludge Formation in Mineral Trans- 

former Oil 
Tests for Steatite Used as Electrical Insulation 
Tests for Vulcanized Fibre Used for Electrical 

Insulation (to replace Tentative Methods 

D 619 - 41 T) 


Accepted as Tentative: 


Methods of Measuring Dimensions of Rigid 
Tubes Used in Electrical Insulation 

Test for Power Factor and Dielectric Constant 
Parallel with Laminations of Laminated Sheet 
and Plate Insulating Materials 


Revisions of: 


Spec. for Molds for Test Specimens of Molding 
Materials Used for Electrical Insulation 
(D 647 - 41 T) 

Test for Compressive Strength of Electrical 
Insulating Materials (D 649 - 41 T) 

Test for Flexural Strength of Electrical Insulat- 
ing Materials (D 650 - 41 T) 

Test for Tensile Strength of Electrical Insulating 
Materials (D 651 - 41 T) 

Tests for Electrical Porcelain (D 116 — 39) 

Tests for Sheet and Plate Materials Used in 
Electrical Insulation (D 229 — 39) 

Tests for Laminated Tubes Used in Electrical 
Insulation (D 348 - 39) 

Tests for Laminated Round Rods Used in 
Electrical Insulation (D 349 — 39) 

Tests for Shellac Used for Electrical Insulation 
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Adopted as Standard: 


Test for Thickness of Solid Electrical Insulation 
(D 374 - 41 T) 

Tests for Pin-Type Lime Glass Insulators 
(D 468 — 39 T), as revised 

Test for Water Absorption of Plastics (D 570 - 
40T), approved jointly with Committee 
D-20 on Plastics 


Revisions of: 


Test for Arc Resistance of Solid Electrical In- 
sulating Materials (D 495 — 41) 

Tests for Electrical Insulating Oils (D 117 — 40), 
the tentative revision which appeared in the 
report as preprinted, was recommended for 
immediate adoption as standard and was 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee D-9,3 
with the following additional change: 

Section 15.—Add the following as a new 
Section 15, renumbering the remaining sec- 
tions accordingly: 


15. Saponification Number.—Saponification number 
shall be determined in accordance with the Tentative 
Method of Test for Saponification Number (D 94 
41 T) of the American Society for Testing Materials. 


Tests for Electrical Porcelain (D 116 — 39) 

Tests for Shellac Used for Electrical Insulation 
(D 411 — 40) 

Tests for Sheet and Plate Materials Used in 
Electrical Insulation (D 229 — 39) 

Tests for Laminated Tubes Used in Electrical 
Insulation (D 348 — 39) 

Tests for Laminated Round Rods Used in Elec- 


trical Insulation (D 349 — 39) 
Withdrawal of Standards: bee 


Tests for Molded Materials Used for Electrical 
Insulation (D 48 — 39) 

Test for Impact Resistance of Electrical In- 
sulating Materials (D 256 - 38) 


Editorial Change Accepted: 


Tests for Sheet and Plate Materials Used in 
Electrical Insulation (D 229 — 39) 


The paper by A. E. Flowers and S. A. 
Fruchtman, on ‘“‘A Statistical Compari- 
son of the Methods for the Determina- 


* Results of the letter ballot on this recommendation, 
indicating its aguewe’, are given in the report of Com- 
mittee D-9. See p. 3 


tion of the Oxidation Tendency of 
Insulating Oils,”’ to be appended to the 
report, was presented from manuscript 
by Mr. Flowers. ‘ee 


Committee D-1 on Paint, Varnish, Lac- 
quer, and Related Products: 


Report presented by H. E. Smith 
chairman, and the following action 
taken: 

Accepted as Tentative: 
Spec. for C. P. ‘nants Toner 
Spec. for Chrome Yellow and Chrome Orange, 

to replace Standard D 211-41 
Test for Abrasion Resistance of Organic Coat- 

ings with the Air Blast Tester, with an edi- 

torial change to include an illustration of the 
glass nozzle 
Test for Spectral Characteristics and Color of 

Objects and Materials, with editorial changes, 

to replace Standard D 307 - 39 
Test of Consistency of Exterior House Paints 

and Enamel Type Paints, to replace Standard 

D 562 - 41 


Revisions of Methods of Sampling and Testing 
Aluminum Powder and Paste (D 480 - 41 T) 
Revisions of Def. of Terms Relating to Paint, 
Varnish, Lacquer, and Related Products 


(D 16-41 T) 

Adopted as Standards 

Spec. for Barium Sulfate Pigments (D 602 - oar 
41 T) 

Spec. for Mica Pigment (D 607 — 41 T) 

Spec. for Diatomaceous Silica Pigment (D 604 - 
41 T) 

Spec. for Aluminum Silicate Pigment (D 603 - 
41 T) 

Spec. for Lead Titanate (D 606 - 41 T) 

Spec. for Magnesium Silicate Pigment (D 605 - 
41 T), as revised 

Revision of Methods of Sampling and Testing 
Lacquer Solvents and Diluents (D 268 - 41) 


Withdrawal of Standards: 


Spec. for Chrome Yellow (D 211 - 41) 
Test for Spectral Apparent Reflectivity of 
Paints (D 307 — 39) eee 
Test for Consistency of Enamel Type Paints 
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SUMMARY OF 


Committee D-11 on Rubber Products: 


Report presented by O. M. Hayden, 
chairman, and the following a tio ons 
taken: 


¥ 


Accepted as Tentative: 


Test for Indentation of Rubber by Means of the 
Durometer 


Adopted as Standard: 


Test for Viscosity and Total Solids Content of 
Rubber Cements (D 553 - 39 T) 

Revisions of Test for Accelerated Aging of Vul- 
canized Rubber by the Oxygen-Pressure 
Method (D 572 - 41) 

Revisions of Test for Accelerated Aging of Vul- 
canized Rubber by the Oven Method (D 573 
- 41) 


The report on ‘‘Digest of Cooperative 
Test Program on Accelerated Light 
Aging of Rubber,” prepared by J. H. 
Ingmanson, appended to the report, was 
presented by title. 


Commitiee D-12 on Soaps and Other 
Detergents: 


Report presented by H. P. Trevithick, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Compound Chip Soap (with Rosin) 

Spec. for Compound Powdered Soap (Granu- 
lated, with Rosin) 

Spec. for Built Soap, Powdered (Type D) 

Revisions of Spec. for Tetrasodium Pyrophos- 
phate (Anhydrous) (D 595 - 40 T) 

Revisions of Def. of Terms Relating to Soaps 
and Other Detergents (D 459 — 41 T) 

Revisions of Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products (D 460 
41) 


Adopted as Standard: 


Spec. for Olive Oil Solid Soap (Type A, Pure; 
Type B, Blended) (D 592 - 41 T) 

Spec. for Olive Oil Chip Soap (Type A, Pure; 
Type B, Blended) (D 630 - 41 T) 

Spec. for Palm Oil Chip Soap (Type A, Pure; 
Type B, Blended) (D 536 - 41 T) 

Spec. for Salt-Water Soap (D 593 - 40 T) 


> 

i 


Test for Carbonates as Carbon Dioxide ‘n Soaps 
and Soap Products (Evolution-Volumetric 
Method) (D 460 - 41 T) 

Revisions of Spec. for Alkaline Soap Powder 
(D 534 - 41) 

Revisions of Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products (D 460 
— 41) 


Committee D-13 on Textile Materials: 


Report presented, by W. H. Whit- 
comb, secretary, and the following ac- 
tions taken: 


Accepted as Tentative: 


Spec. for Woven Asbestos Cloth 

Spec. for Finished All-Cotton Upholstery 
Tapestries 

Tests and Tolerances for Certain All-Cotton and 
Cotton-and-Rayon Fine Fancy Goods 

Tests and Tolerances for Certain Fine Staple 
Gray Goods 

Tests and Tolerances for Jute Rove and Plied 
Yarn for Electrical and Packing Purposes 

Test for Colorfastness to Atmospheric Gases of 
Dyed Cellulose Acetate Rayon 

Test for Identification of Finishes on Textiles 

Resistance of Textile Fabrics to Microorganisms 

Revisions of: 

Tests and Tolerances for Woven Tapes (D 259 
- 39 T) 

Tests and Tolerances for Certain Wool and Part 
Wool Fabrics (D 462 — 37 T) 

Methods of Quantitative Analysis of Textiles 
(D 629 - 41 T) 

Tests for Wool Felt (D 461 — 40) 

Spec. and Test for Fineness of Wool Tops (D 
472 41) 


Adopted as Standard: 


Test for Commercial Weight of Continuous Fila- 
ment Rayon Yarns (D 258 — 41 T), as revised 

Test for Resistance to Yarn Slippage in Silk, 
Rayon, and Silk-Rayon Woven Fabrics (D 
434 — 36 T) 

Tests for Rayon Staple (D 540 —- 41 T) 

Test for Commercial Weight of Spun Rayon 
Yarns and Threads (D 507 - 41 T), as revised 

Spec. and Test for Asbestos Yarns (D 299- 
40 T) 

Testing Woven Asbestos Cloth (D 577 - 40 T) 

Revisions of: 

Tests and Tolerances for Hose Ducks and Belt 
Ducks (D 181 — 40) 


Rayon Yarns (D 258 40) 


Tests and Tolerances for Continuous Fmt 4 
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Adopted as Standard: % 

Revisions of: of 

Tests for Pile Floor Covering (D 418 - 40) 

Spec. and Test for Asbestos Roving for Elec- 
trical Purposes (D 375 - 41) 

Test for Fastness of Dyed or Printed Cotton 
Textiles to Laundering or Domestic Washing 
(D 435 - 41), in the form of a new Standard 
Method of Test for Colorfastness to Com- 
mercial Laundering and to Domestic Washing 
of Cotton and Linen Textiles 

Testing and Tolerances for Cotton Yarns 
(D 180 - 41) 

Testing and Tolerances for Cotton Sewing 
Threads (D 204 — 39) 

Testing and Tolerances for Tire Cord, Woven 
and on Cones (D 179 — 38) 

Spec. for Textile Testing Machines (D 76 - 41) 

Def. of Terms Relating to Textile Materials 
(D 123 - 41) 

Withdrawal of Standard: 


Test for Estimating Hard Scoured Wool in Wool 
in the Grease (Mill Scale Operations) 
(D 232 - 36) 

Reaffirmation of Standards: 


Spec. for Tolerances for Numbered Cotton Duck 
(D 230 — 27) 


Session Co-Chairmen: President G. E. F. 
Lundell, Max Hecht 


Committee D-19 on Water for Industrial 
Uses: 
Report presented by F. N. Speller, 
vice-chairman, and the following actions 
taken: 


Adopted as Standard: 


Test for Determination of the Calcium Ion and 
Magnesium Ion in Industrial Waters (D 511 - 

40 T) 

Test for Determination of the Chloride Ion in 
Industrial Waters (D 512-40 T) 

Test for Determination of the Sulfate Ion in 
Industrial Waters (D 516 — 40 T) 


Mr. Speller then called upon D. K. 
French to describe the activities of Sub- 
committee ILI on Methods of Sampling, 


Forty-FIFTH ANNUAL MEETING 


FourTH SESSION—WATER 


TUESDAY, JUNE 23, 2 P.M. i. 


Spec. for 0.007-in. Cotton Tape for Electrical 
Purposes (D 335 — 36) 

Spec. and Test for Holland Cloth (D 376 — 35) 

Tests and Tolerances for Certain Light and 
Medium Weight Cotton Fabrics (D 274 — 36) 

Method of Determining Relative Humidity 
(D 337 — 34) 

Test for Shrinkage in Laundering of Woven 
Cotton Cloth (D 437 - 36) 


Sectional Committee L14 on Fastness of 
Colored Textiles: 


Report presented, in the absence of the y 
chairman, by the chair. 


A New Recording Viscometer for Paint Con- ¥ : 
sistency Measurements‘—C. R. Wicker and 
J. A. Geddes, presented by D. H. Dawson. ee > 

An Analysis of the Uranyl Oxalate Actinometer a 2 
as Applied to Accelerated Light and Weather- 
ing Tests—F. T. Bowditch, C. E. Greider 


linger. 


on H. C. Miller to report on the work of 
Subcommittee IV on Methods of Analy- 
sis, and on W. C. Schroeder to report on et 
the work of Subcommittee V on Classi- ies 
fication. 


Report of Joint Research Committee on 
Boiler Feedwater Studies: Report not 
preprinted presented from 
by C. H. Fellows, chairman. 


Round-Table Discussion on the Solvent — 
Action of Water Vapor at High Tem- ss 5 
perature and Pressure: 


This Round-Table Discussion was 
sponsored by Committee D-19 on Water 8 
for Industrial Uses asa further contribu- 
tion in its program of presenting timely cae 2 


4 Published in BULLETIN, No. 120, January 4 
1943, p. 11. 
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dealing with industrial waters. Follow- 
ing the Symposium on Problems and 
Practice in Determining Steam Purity 
by Conductivity Methods held last year 
the committee planned this informal 
round-table session in order to develop 
information on the quantitative deter- 
mination of materials carried along in 
boiler water or steam that contribute to 
deposit formation. There are numerous 
questions as to the nature and source of 
these deposits such as: How is this ma- 
terial transferred from the boiler water 
to its final location in superheaters and 
turbines? Is mechanical carry-over the 
sole explanation? What is the mecha- 
nism of its deposition? Why is silica 
found soluble at times, combined as 
? sodium silicate; at other times, insoluble, 
uncombined, as crystalline quartz here 
and amorphous silica-glass there? What 
may we find in the physical chemistry of 
high temperatures and pressures which 


This session was a continuation of the 
Symposium on Radiography. The pa- 
pers presented in this session are listed 


Session Chairman: W. E. Emley. 


Committee D-20 on Plastics: 


Report presented by Bjorn Andersen, 
first vice- cand and the following 
actions taken: 


OF PROCEEDINGS 


FirtH SESSION—SYMPOSIUM ON RADIOGRAPHY 
(Continued from Second "asta 
TUESDAY, JUNE 23, 8 P.M. 


SEssION—PLastics, TIMBER 


TurEspay, JuNE 23, 8 P.M. 


may help to explain what we actually 
find? These and many other questions 
were considered at length by those who 
were invited to participate in the dis- 
cussion. 

Following the introduction to the 
Round-Table Discussion, presented by 
George W. Morey, Geophysical Labora- 
tory, Carnegie Institution of Washing- 
ton, prepared discussions were presented 
by the following, after which those at- 
tending the session participated: aif 6] 


L. Drew Betz, W. H. and L. D. Betz raed 

B. O. Buckland, General Electric Co. Awe] 

Joint Research Committee on Boiler Feed- 
water Studies, C. H. Fellows, The Detroit 


Edison Co. 
R. E. Hall, Hall Laboratories, Inc. 
J. A. Holmes, National Aluminate Corp. 


F. R. Owens, Cyrus W. Rice and Co. 
P. B. Place, Combustion Engineering Co. Inc. 
S. T. Powell, Consulting Chemical Engineer 
A. H. Reynolds, Dearborn Laboratories 

J. B. Romer, Babcock & Wilcox Co. 

F. G. Straub, University of Illinois 

S. E. Tray, Allis Chalmers Manufacturing Co, 


previously with those in the First and 
Second Sessions. 


Recommended Practice for Repeated Flexural 
Stress (Fatigue) of Plastics, with several edi- 
torial modifications, including a change in the 
title to read “Tentative Method of Test’’ 
rather than Recommended Prac- 
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Accepted as Tentative: “6h 


Test for Mar Resistance of Plastics Seer. 

Test for Measuring Photoelectrically the Haze 
of Transparent Plastics 

Rec. Practice for Long-Time Tension Tests of 
Plastics 

Descriptive Nomenclature for Objects Made 
from Plastics 4 

rh 


Adopted as Standard: 


Test for Index of Refraction of Transparent 
Organic Plastics (D 542 —- 40 T) 

Test for Water Absorption of Plastics (D 570 - 
40 T), jointly with Committee D-9 on Elec- 
trical Insulating Materials 


Committee D-6 on Paper and Paper Prod- 
ucts: 


Report presented, in the absence of 
the chairman, by G. H. Harnden, secre- 
tary, and the following actions taken: 


Accepted as Tentative: 

Test for Pentosans in Paper 

Test for Conditioning Paper and Paper Prod- 
ucts for Testing 

Test for Quantitative Determination of Coating 
on Mineral-Coated Paper 

Test for Internal Tearing Resistance of Paper, 
with an editorial change in the first sentence 
and formula in Section 4 (c) providing for the 
interchanging of the symbols H and h. 

Test for Qualitative Examination of Mineral 
Fillers and Mineral Coatings of Paper 

Revisions of Test for Basis Weight of Paper and 
Paper Products (D 646 - 41 T) 

Revisions of Test for Moisture in Paper (D 644 
- 41 T) 

Adopted as Standard: 

Test for Sampling of Paper and Paper Prod- 
ucts (D 585 - 40 T) 

Test for Ash Content of Paper and Paper Prod- 
ucts (D 586 - 40 T) 

Test for Casein in Paper (Qualitative) (D 587 
- 40 T) 

Test for Alpha-, Beta-, and Gamma-Cellulose 
in Paper (D 588 — 40 T) 

Test for Paraffin Content of Waxed Paper 
(D 590 - 40 T) 

Test for Starch in Paper (D 591 — 40 T) 


Committee D-7 on Timber: 

Report presented, in the absence of 
the chairman, by L. J. Markwardt, and 
the following action taken: 


Adopted as Standard: 


Revision of Test for Distillation of Creosote 
(D 246 — 39) 


FORTY-FIFTH ANNUAL MEETING 


Committee C-5 on Fire Tests of Materials 
and Construction: 


Progress report not preprinted pre- 
sented from manuscript, in the absence 
of the chairman, by the chair. 


Committee D-17 on Naval Stores: 


Report presented, in the absence of 
the chairman, by V. E. Grotlisch, and 
the following actions taken: 


Adopted as Standard: 

Test for Saponification Number of Rosin (D 
464 - 37 T) 

Test for Acid Number of Rosin (D 465 - 37 T) 


The recommendation, not preprinted, 
for adoption of the above two tentative 
standards was accepted by unanimous 
consent, subject to favorable letter ballot 
of Committee D-17,5 with the inclusion 
in each method of the following note: 


Section 1.—Add the following as a note at 


the end of the section on Scope: 

Note.—Due to difficulty in | the end point 
in the titration, because of the dark color of the solu- 
tion, this method using an internal indicator is not 


recommended for use with rosins of grades darker than 
G, that is, of grades D, E, F, and FF. 


Papers: 
The following papers were presented: 


Mar Resistance of Plastics—Ladislav Boor, tec. 


presented by the author. 


Mechanical Tests of Cellulose Acetate—Part IT ae 


on Creep—William N. Findley, presented by 
the author. 


Acid and Alkali Resistance of Plastics*—John 


Delmonte, presented from manuscript by the 
author. 
The Influence of Temperature on the Mechan- 


ical Properties of Molded Phenolic Materials— _ 


T.S. Carswell, D. Telfair and R. U. Haslanger, 
presented by H. K. Nason. 

Stress-Strain Relations in Timber Beams (Doug- 
las Fir)—Albert G. H. Dietz,®* presented by 
title. 

Method for Inspection and Control of Liquid 
Starch-Base Adhesives for Bottle Labeling 
and Case Sealing—A. Herman and F. M. 
Knowlton, presented by Mr. Knowlton. 


5 Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of 
mittee D-17, see p. 442. 


1942, 


t Bublished in ASTM Butuetin, No. 118, October, 


1942, p. 
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6 Published in ASTM Buttetin, No. 119, December, oes 
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SEVENTH SESSION- 


Session Chairman: John Mitchell. 


In order to provide the latest informa- 
tion with respect to the vital subject of 
alternate alloy steels, this round-table 
discussion was arranged, in which im- 
portant developments were presented by 
eight discussion leaders as indicated 
below. Opportunity was also given for 
discussion or questions from those at- 
tending the session. 


H. J. French, War Production Board—The 
status of raw materials considered necessary for 
steel manufacture. 

C. H. Herty, Jr., Bethlehem Steel Co.— 
What has been accomplished by the steel manu- 
facturers to conserve manganese and aluminum 
or other strategic elements considered necessary 
for steel manufacture. 

N. I. Stotz, Universal-Cyclops Steel Corp.— 
Steps taken by the tool steel manufacturers to 
conserve elements considered necessary for tool 
steels. 

V. W. Whitmer, Republic Steel Corp.—The 
application of stainless steels to conserve those 
elements considered necessary for corrosion of 
heat-resisting alloys. 

C. M. Parker, American Iron and Steel Insti- 
tute—The cooperative work of the A. I. S. L. 
and other technica! societies; how the National 
Emergency Steels were established, and what 
measures had to be considered in establishing 


Session Chairman: H. S. Mattimore. 


Commitiee D-5 on Coal and Coke: 


Report presented, in the absence of 
the chairman, by W. A. Selvig, secretary, 


WEDNESDAY, JUNE 24, 9.30 A.M. 


and the following actions taken: 
Adopted as Standard: 
Eyer Revision of Methods of Laboratory Sampling 


Analysis of Coal and Coke (D 271-40) 


| 

Su vor PROCEEDINGS jg 


—Rounb-TABLE DISCUSSION ON ALTERNATE ALLOY AND 
CONSERVATION OF STRATEGIC ALLOYS 


National Emergency Steel to effect conserva- 
tion. 

W. P. Eddy, Yellow Truck and Coach Manu- 
facturing Co.—The War Production Board 
Committees, how they were set up, what duties 
they were expected to perform, what progress 
has been made, what remains to be done, and 
other general details concerning the Alloy Bar, 
Billet and Bloom Committee now in operation. 

A. W. F. Green, Pratt & Whitney Aircraft 
Division, United Aircraft Corp.—What has 
been accomplished in the aircraft engine in- 
dustry to conserve strategic elements; what 
steps must be taken by engine producers to 
change parts; what testing is now in progress; 
what is being accomplished by the frame manu- 
facturers to use sheet steel in place of aluminum. 

M. J. R. Morris, Republic Steel Corp.—The 
application of National Emergency Steels and 
what the future holds for further work to effect 
the conservation. 


While this round-table discussion was 
originally scheduled as an informal or 
off-the-record presentation, it has been 
possible, with the approval of the chair- 
man, Mr. John Mitchell, and the dis- 
cussion leaders to publish the contri- 
butions of all but two of those who 
participated in the formal part of the 
program. These six papers appear in 
the ASTM Bu tetin, No. 117, August, 
1942, pages 29 to 43. 


EIGHTH Srssion—FUELS AND LUBRICANTS; ROAD AND PAVING MATERIALS; 
BITUMINOUS MATERIALS 


WEDNESDAY, JUNE 24, 1.30 P.M. 


pertaining to tolerances for volatile matter 
determination in Section 43. 


Committee D-3 on Gaseous Fuels: 
Report presented by A. W. Gauger, 


2 chairman. 


x ¢ ommiuttee D-2 on Petroleum Products and 
Lubricants: 


Report presented by T. A. 
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-ts and 


Boyd, 


chairman, and the following actions 
taken: 


Accepted as Tentative: 


Test for Neutralization Number of Petroleum 
Products by Color-Indicator Titration 

Test for Neutralization Number of Petroleum 
Products by Electrometric Titration 

Test for Rust-Preventing Characteristics of 
Steam-Turbine Oils in Presence of Water 

Method for Conversion of Kinematic Viscosity 
to Saybolt Furol Viscosity, this recommenda- 
tion, not preprinted, was accepted by unani- 
mous consent, subject to favorable letter 
ballot of Committee D-2.7 

Revision of Test for Gum Stability of Gasoline 
(D 525 - 41 T), with the following additional 
change, not preprinted, accepted by unani- 
mous consent, subject to favorable letter 
ballot of Committee D-2:? 

Section 3 (b).—Change the last sentence 
from the form as preprinted to read as follows 
by the omission of the words and figures in 
brackets: 


If [the pressure in the bomb does not change more 
than 1 et in 10 + 2 min., it may be assumed that] there 
are no leaks [and], the test may be continued. 


Note 6.—In place of omitting this note, as 


recommended in the preprint, change it to , 


read as follows: 


Nore 6.—An initial rapid drop in pressure, generally 
not over 6 psi., may be observed because of the solution 
of oxygeninthesample. If after a few minutes the rate 
of pressure drop does not exceed 1 psi. in 10 min., the 
absence of leaks may be assumed. 


Revisions of Test for Knock Characteristics of 
Motor Fuels (D 357 — 41 T) 

Revisions of Test for Saponification Number 
(D 94 - 41 T) 

Revisions of Test for Kinematic Viscosity (D 
445 - 39 T) 

Revisions of Test for Knock Characteristics of 
Aviation Fuels (D614-41T), with the 
following changes, not preprinted, accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee D-2:7 
Footnote 2.—Change the second sentence of 
the second paragraph to read as follows by 
the addition of the italicized words and the 
omission of those in brackets: 

Based on tests of a variety of aviation fuels in current 
aircraft engines and on service experience, this meihod 
{satisfactorily] rates such fuels [for purposes of procure- 
ment and use under normal operating conditions] under 


conditions approximating best power, but is not intended 
to correlate with full-rich take-off conditions. 


7 Results of the letter ballot on this recommendation 
indicating its approval, are given in the report of Com- 
mittee D-2, see p. 307. 


Section 4 (b).—In the first sentence, delete 
the word “leaded” in the phrase “secondary 
reference fuels’; also delete the word “un- 
leaded” in footnote 5. 

Section 5 (c).—Delete this paragraph, re- 
lettering the subsequent paragraphs ac- 
cordingly. 

Section 5 (g).—Reletter as Paragraph (h) 
and add a new paragraph to read as follows: 


(g) Adjustment of Micrometer—When the clearance 
hole is140 + 


volume to the top face of the therma-pl 
0.5 ml., as measured by the “tilt” method (see Appen- 
dix). with the piston at top dead center, the micrometer 
shall be set to read 0.500 in. 

Section 5 (i).—In the second sentence in- 
sert the reference “(Appendix)” after the 
words, “compression ratio.” 
lowing Note 1 at the end of the first paragraph 
with reference at the end of the first sentence: 


Nore 1.—For routine purposes a blend of certified 
secondary reference fuels may be used instead of the | 


blend of primary reference fuels. 


Section 5 (k).—Change the requirement for 


breaker-point gap from “0.015 in.” to read — 


0.020 in.” 


Section 5 (m).—Change from its present 


form to read as follows: 


Add the fol- __ 


Valve Clearances.—Hot and running clearances shall __ 


be 0.008-in. intake and 0.006-in. exhaust with the engine 
running under standard operating conditions on a refer- 
ence fuel of 87 octane number. 


Note 2.—The valves may be adjusted with the engine _ : 
stopped, either hot or cold, if appropriate allowances _ ae 


are made so that the hot and running clearances will be 
as specified. 


Section 5 (¢).—At the end add a reference _ 
“See Section A5 (a),” and a new paragraph ~ 
i 


reading as follows: 


When air of the above humidity prevails in the engine ‘ 
room through the operation of natural factors or the 


use of air conditioning, it may be used without further 
conditioning. 
by the U. 


Weather Bureau. 


Its humidity shall be determined by _ 
use of the tyre of sling currently approved 
u 


Section 12.—Add a section on “Reproduci- 


bility of Results” identical with Section 14 of 


proposed revision of Method D 357 - 41 T. a 


Section Al.—Change the limitation on 


atmospheric pressures to read “not less than _ 


26.0 in. (660 mm.) of mercury.” 


Section A2.—Insert the word “minimum” ot. 


after “exhaust pipe.” 


Section A4(e).—Add the following note 


after this section on valve timing: 


Note.—The recommended method consists of the 
following steps: 
1. Remove the intake and exhaust push rods. 


2. Swing the intake and exhaust rocker arms toa > 


vertical position. 
3. Mount a dial indicator on the rocker-arm support 


bracket with the indicating plunger directly over and | 


pointing at the intake tap) 


pet. 
4. Place a piece of drill rod between the intake tappet _ 


and the indicator plunger. This rod should be approxi- 
mately \ in. in diameter, have a spherical end where it 
rests in the tappet, and have an indentation on the other 
end in which the indicating plunger will rest. 
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5. Set dial gage position so its plunger is approxi- 
mately in the middle of its travel when the tappet is on 
the base circle of the cam. Then set the dial indicator 
at zero. 

6. Rotate the flywheel in its running direction until 
the indicator shows that the cam is lifting the tappet. 
Mark the flywheel directly under the T.D.C. pointer 
at the angle where the tappet has been lifted 0.010 in. 
Repeat this operation two or three times to make sure 
of the angle at which this 0.010-in. lift is obtained. 
This is the point at which the effective valve opening 
starts. The part of the cam below the 0.010-in. lift is 
the quieting ramp and does not contribute to the effec- 
tive valve opening. 

7. This .ark should be at the timing line on the fly- 
wheel m. +’ ed “I. O. 0.010” which is 10 deg. a.t.d.c. 

8. If te cam timing is not within % in. of the mark 
on the flywheel, the camshaft will need retiming either 
by shifting the cam gear with respect to the crankshaft 
gear or by relocating the cam gear on its shaft by using 
one of the other two keyways provided. Shifting the 
timing one full gear tooth will make 1.48-in. change on 
the flywheel. The extra keyways provided on the 
camshaft permit adjusting the timing in 0.37-in. and 
0.74-in. increments. 


Section A4 (f).—Change to read as follows: 


(f{) Valve Clearances.—Hot and running clearances 
shall be 0.008-in. intake and 0.006-in. exhaust with the 
engine running under standard operating conditions 
on a reference fuel of 87 octane number. To avoid 
possible change in clearances throughout the com- 
pression-ratio range, set the top linkage of the rocker- 
arm carrier and the rocker arms in a horizontal plane 
at 0.500 micrometer setting with valves closed. 


Section A4(i)—Insert a new paragraph 
reading as follows: 

Micrometer—A suitably mounted micrometer for 
measuring the height of the cylinder with respect to 
the crankcase. 

Section A6(c).—Change spark plug type 
to RJ-11-64-A. 

Section A7.—Designate as Paragraph (a) 
and add a new Paragraph (b) reading as 
follows: 


(b) Ethylene glycol shall be used as coolant. A maxi- 
mum of 1 per cent by weight or by volume of a suitable 
conenae inhibitor may be added to the ethylene 
glycol.* 


@ Suggested corrosion inhibitors are sodium nitrite or 
triethanolamine phosphate. é 

Section A13(e).—Delete the second sen- 
tence. 

A p pendix.—Insert 4 new Appendix identical 
with that being added in the proposed revision 
of Method D 357 — 41 T. 


Adopted as Standard: 


Test for Carbon Residue of Petroleum Products 
(Ramsbottom Carbon Residue) (D524- 
41 T) 

Test for Tetraethyl Lead in Gasoline (D 526 - 
41 T) 

Test for Dropping Point of Lubricating Grease 
(D 566-40T), this recommendation, not 
preprinted, was accepted by unanimous con- 
sent, subject to favorable letter ballot of 
Committee D-2.’ 

Revisions of Test for Gum Content of Gasoline 


SUMMARY OF PROCEEDINGS 


Revisions of Test for Flash Point by Means of 


the Pensky-Martens Closed Tester (D 93 — 40) 


Revisions of Test for Melting Point of Paraffin 


Wax (D 87 - 37) 


Revisions of Test for Vapor Pressure of Petro- 


leum Products (Reid Method) (D 323 - 41), 
with the following additional changes, to 
clarify the description of the apparatus, not 
preprinted, accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee D-2:7 

Section 2 (a), (b) and (c).—Revise to read 
as follows: 


2. (a) Air Chamber.—The upper section or air cham- 

r, shown in Fig. 1(c) shall be a cylindrical vessel 
2% + Ye in. in diameter and 10 + } in. in length, inside 
dimensions, with the inner surfaces of the ends slightly 
sloped to provide complete drainage from either end 
when held in a vertical position. On one end of the air 
chamber, a suitable gage coupling with internal di- 
ameter not less than % in. shall be provided to receive 
the \4-in. gage connection. In the other end of the air 
chamber an opening approximately 1% in. in diameter 
shall be provided for coupling with the gasoline cham- 
ber. Care shall be taken that the connections to the 
end openings do not prevent the chamber from draining 
completely. 

(b) Gasoline Chamber.—The lower section, or gasoline 
chamber, shown in Fig. 1(a), shall be a cylindrical vessel 
of the same inside diameter as the air chamber and of 
such volume as to fulfill the requirements of Paragraph 
(c). In one end of the gasoline chamber an opening 
approximately \% in. in diameter shall be provided for 
coupling with the air chamber. The inner surface of 
the end containing the coupling member shall be sloped 
onan complete drainage when inverted. The other 
end of the gasoline chamber shall be completely closed. 

(c) Gasoline Chamber for Sampling from Closed Ves- 
sels.—For this use the lower section, or gasoline cham- 
ber, shown in Fig, 1(5), shall be essentially the same as 
described in Paragraph (6) except that a 4-in. needle 
valve shall be introduced in the coupling between the 
chambers. The volume of the gasoline chamber, in- 
cluding only the capacity enclosed by the valves, shall 
fulfill the requirements of Paragraph (e). 


Section 3(a).—Change the first sentence 
by the addition of the italicized words and fig- 
ures, as follows: 


The | yee gage shall be a Bourdon-type spring 
gage of test-gage quality 44% to 5% in. in diameter 
provided with a nominal \4-in. male-thread connection 
with a passageway not less than % in. in diameter from 
the Bourdon tube to the atmosphere. 


Withdrawal of Tentative Standard: 


Test for Neutralization Number of Petroleum 
Products and Lubricants (D 188 - 41 T) 


Published as Information Only: 


Test for Oil Content of Paraffin Wax, with edi- 
torial changes 

Test for Color of Lubricating Oil by Means of 
Photoelectric Colorimeter, with editorial 
changes 

Test for Potential Gum in Aviation Gasoline 

Test for Oxidation Characteristics of Heavy- 

Duty Crankcase Oils, with editorial changes 
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Sectional Committee Z11 on Petroleum 


Products and Lubricants: 
Report not preprinted presented from 


manuscript by T. A. Boyd, chairman. 
Committee D-4 on Road and Paving 


Materials: 
Report presented by J. E. Myers, 


chairman, and the following actions 
taken: 

Accepted as Tentative: 

Revisions of Spec. for Crushed Slag for Bitumi- 


nous Macadam Base and Surface Courses 
(D 487 - 41 T), with the addition of the word 
“compacted” in the requirements for weight 
per cubic foot 


Test for Abrasion of Gravel by Use of the Deval 


Machine (D 289 - 37 T) 


Adopted as Standard: 
Test for Modified Miscibility and Cement Mix- 


ing of Emulsified Asphalts (D 244-41 T), 
this recommendation, not preprinted, ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee D-4,° the 
method to be incorporated in the Standard 
Methods of Testing Enmulsified Asphalts 
(D 244 - 40), with the following revisions: 

Section 6.—Change the second sentence to 
read as follows by the addition of the italicized 
word and figure and the omission of those in 
brackets: 

This test is not applicable [where 5] when 2 per cent 
or more coagulation is anticipated. 

Section 9 (d).—Change the first sentence to 
read as follows by the addition of the italicized 
words and figures and the omission of the 
words in brackets: 

Pour the mixture through the tared 1410-micron (No. 
14) iron [wire] sieve of approximately 3 in. diameter and 
rinse [with water until the wash water is clear] by pour- 
ing disti water from a receptacle held at a height of 
approximately 6 in. 

Revision of Test for Determination of Bitumen 
(D 4-27), with editorial changes 

Revision of Test for Proportion of Bitumen Sol- 
uble in Carbon Tetrachloride (D 165 - 27) 
with editorial changes 


Editorial Changes Accepted: 


Test for Softening Point of Tar Products (Cube- 
in-Water Method) (D 61 — 38) 

Test for Softening Point of Bituminous Mate- 
rials (Ring-and-Ball Method) (D 36-26) 


_ ® Results of the letter ballot on this recommendation, 
indicating its approval, are given in the report of Com- 
mittee D-4, see p. 350. 


' 
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Spec. for Materials for Stabilized Base Course 
(D 556 - 40 T) 

Spec. for Materials for Stabilized Surface Course 
(D 557 - 40 T) 

Testing Emulsified Asphalts (D 244 - 40) 

Test for Distillation of Tar Products Suitable 
for Road Treatment (D 20 — 30), the following 
editorial changes, not preprinted, were ac- 
cepted by unanimous consent: 

Section 4(b).—Change to read as follows 
by the addition of the italicized words: 

(b) The axis of the bulb of the flask through the center 
of the neck shall be vertical and the thermometer shall be 
aligned on this axis. 

Section 4 (c).—Change the first sentence to 
read as follows by the addition of the italicized 
words and the omission of those in brackets: 

The distance from the [bulb of the thermometer] neck 
of the flask to the outlet end of the condenser tube shall 
be not more than 600 nor less than 500 mm. 

Fig. 3.—Change the 500-600 mm. dimension 
to conform with the above revision in Section 
4 (c) and as shown in Fig. 3 of the Standard 
Method of Test for Distillation of Creosote 
(D 246 - 39) but without change in position 
to the thermometer. 


It was announced that the committee 
would have the following additional 
recommendations to present to the So- 
ciety subsequent to the annual meeting 
through Committee E-10 on Standards:® 


Proposed Tentative Standards: 


Spec. for Crushed Gravel for Waterbound Base 
and Surface Courses 

Spec. for Gravel for Bituminous Concrete Base 
and Surface Courses 

Revisions of Tentative Specifications for: 

Standard Sizes of Coarse Aggregate for Highway 
Construction (D 448 - 41 T) 

Crushed Slag for Bituminous Concrete Base and 
Surface Courses (D 485 - 38 T) 

Crushed Stone for Bituminous Concrete Base 
and Surface Courses (D 486 — 39 T) 

Crushed Slag for Water-Bound Base and Sur- 
face Courses (D 488 — 38 T) 

Crushed Stone for Water-Bound Base and Sur- 
face Courses (D 489 - 40 T) 


Revision of Tentative Method of: 


Sampling Stone, Slag, Gravel, Sand, and Stone 
Block for Use as Highway Materials (D 75 - 
40 T) 


It was also announced that Committee 
D-4 has referred to letter ballot the Pro- 


® See report of Committee D-4, Editorial Note, p. 350. mot 
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posed Method of Test for Moisture 
Density Relations of Soil originated by 
Committee D-18 on Soils for Engineering 
Purposes but coming under the joint 
jurisdiction of the two committees.®° 


Committee D-18 on Soils for Engineering 
Purposes: 


Report presented, in the absence of the 


chairman, by Wesley R. Nelson, sec- 


retary. 

It was announced that the following 
recommendations would be presented to 
the Society through Committee E-10 
on Standards, subsequent to the annual 
meeting: 

Proposed Tentative Method of Test for Specific 

Gravity of Soils 
Tentative Revision of Standard Method of 

Mechanical Analysis of Soils (D422 — 39)" 
Revision of Tentative Methods of Surveying 

and Sampling Soils for Highway Subgrades 

(D 420 40 
Sectional Committee A37 on Road and 

Paving Materials: 


Progress report, not preprinted, pre- 
sented from manuscript, in the absence 
of the chairman, by R. E. Hess, secretary. 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials: 


Report presented, in the absence of 
the chairman, by C. S. Reeve, and the 


following actions taken: ae 
Accepted as Tentative: 


Spec. for Coal-Tar Pitch for Steep Built-Up 
Roofs 

Spec. for Asphalt-Saturated and Asphalt- 
Coated Asbestos Felt for Use in Constructing 
Built-Up Roofs 

Revisions of Spec. for Asphalt for Damp-proofing 
and Waterproofing (D 449 — 37 T) 

Revision of Spec. for Asphalt-Saturated As- 
bestos Felt for Use in Constructing Built-Up 
Roofs (D 250 - 27), and reversion to tentative 


Adopted as Standard: 

Spec. for Asphalt-Saturated Roofing Felt for 
Use in Waterproofing and in Constructing 
Built-Up Roofs (D 226 - 41 T) 


19See Report of Committee D-18, Editorial Note, 
p. 450. 


SUMMARY OF PROCEEDINGS 


Spec. for Woven Cotton Fabrics Saturated with 
Bituminous Substances for Use in Waterproof- 
ing (D 173-40 T) 

Methods of Testing Films Deposited from Bitu- 
minous Emulsions (D 466 — 38 T) 

Revision of Spec. for Coal-Tar Saturated Roof- 
ing Felt for Use in Waterproofing and in 
Constructing Built-Up Roofs (D 227-41), 
with the following additional revisions, 
accepted as an editorial change: 

Section 3—Change the last sentence to 
read as follows: 

The surface of the felt shall be uniformly smooth. 
Upon splitting or tearing on the bias, the felt shall ap- 
pear reasonably free from lumps of underbeaten stock 
(that is, stock which has not been beaten or shredded 
into fiber in the process of manufacture) and particles 


of foreign substances (that is, fragments of stone, 
metal, leather, rubber, etc.). 


Withdrawal of Tentative Standard: 


Spec. for Asphalt Roofing Surfaced with Fine 
Mineral Granules (D 248 - 41 T) 


Editorial Changes Accepted: 


Testing Felted and Woven Fabrics Saturated 
with Bituminous Substances for Use in Water- 
proofing and Roofing (D 146 - 38 T) 

Testing Asphalt Roll Roofing, Cap Sheets, and 
Shingles (D 228 — 37 T). 

Spec. for Creosote for Priming Coat with Coal- 
Tar Pitch in Dampproofing and Waterproofing 
(D 43-41), an editorial change, not pre- 
printed, providing for the insertion of the 
following as a footnote in connection with 
the requirement for consistency in Section 2: 

The creosote shall be rated as crystal free if no crys- 
tals are formed when 100 ml. of the sample are main- 
tained at a temperature of 5 C. for 3 hr. in a 125-ml. 
Erlenmeyer flask with occasional stirring. 

Spec. for Asphalt Roofing Surfaced with Pow- 
dered Talc or Mica (D 224-41 T) 

Spec. for Asphalt Shingles Surfaced with Coarse 
Mineral Granules (D 225-41 T) 

Spec. for Asphalt Roofing Surfaced with Coarse 
Mineral Granules (D 249 - 41 T) 

Spec. for Wide Selvage Asphalt Roofing Sur- 
faced with Coarse Mineral Granules (D 371 
-41 T) 

Editorial changes, not preprinted, in 
the above four standards were accepted, 
as follows: 

Section 3.—Change the last sentence to 
read as recommended above in Section 3 of 
Specifications D 227. 

Section 4.—Change to read as follows by 
the addition of the italicized words and the 
omission of the word in brackets: 


5. The bitumen of the saturant and coatings shall be 
com; {principally] of asphaltic materials. 
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Papers: Pipe ese Standard Method for the Crucible Swelling 
: Test for Coal—H. N. Ostborg, H. R. Lim- 
The following papers were presented: bacher, and Ralph A. Sherman, presented by 
Statistical Study of the Precision of Methods | Mr. Ostborg. = at 
for Analysis of Coal and Coke—H. H. Lowry A Rapid Method of Estimating the A.S.T.M 
and Charles O. Junge, Jr., presented by Mr. Ring-and-Ball Softening Point of Asphalts— 
Lowry. A. B. Hersberger and C. Overbeck, presented 
An Experimental Investigation of the British by Mr. Hersberger. 


NINTH SESSION—STEEL, FERRO-ALLOYS, OF TEMPERATURE 


WEDNESDAY, JUNE 24, 1.30 P.M. 


Session Chairman: Past-President H. H. and as Fig. 2 the standard rectangular test 
Morgan specimen with 2 in. gage length. These are the 
; same as Figs. 1 and 2 which appear in the 
. Tentative Methods of Tension Testing of Metal- 
Committee A-1 on Steel: lic Materials (E 8 - 40 T). 


Report presented by N. L. Mochel,. Spec. for Light Gage Structural Quality Flat 


4 “: : Rolled Carbon Steel (0.0477 to 0.0225 in. 
ns 
es and the following actio in Thickness) (A 246-41 T) 


Spec. for Seamless Alloy-Steel Pipe for Service 
at Temperatures from 750 to 1100 F. (A 158 - 
, 41 T), with the following additional changes 
Spec. for Copper Brazed Steel Tubing, published accepted by unanimous consent, subject to 
as information in the preprinted report, favorable letter ballot of Committee A-1:! 


Accepted as Tentative: 


accepted by unanimous consent, subject to Section 8 (a).—Revise the elongation re- 
favorable letter ballot of Committee A-1" quirements by changing the table from its 
Proposed Spec. for Welded Alloyed Open Hearth present form to read as shown in the accom- 
Iron Pipe, not preprinted, accepted by unani- panying Table I. 
mous consent, subject to favorable letter Spec. for Seamless Carbon-Molybdenum Alloy 
ballot of Committee A-1" Steel Pipe for Service at Temperatures from 
a4 750 to 1000 F. (A 206 — 41 T), with the follow- 
Revisions of: ing additional changes accepted by unani- 


. 
Spec. for Light Gage Structural Quality Flat mous consent, subject to favorable letter 
Hot-Rolled Carbon Steel (0.2499 and 0.1874 _ ballot of Committee A-1:" 


in. to 0.0478 in. in Thickness) (A 245-41 T), - Section 2.—Delete Paragraphs (d) and (e) 
with the following additional changes accepted and add a new Paragraph (d) to read as 
by unanimous consent, subject to favorable follows: 

letter ballot of Committee A-1:" 

Section 7 (a)—Insert in the table for the 4, requested bythe purchaser and state i 
three grades A, B, and C, the following in nominal sizes 3 in. and over made to schedules 140 
minimum values for elongation in 2 in. of shall have a structural erain sae is pre 
29, 25, and 22 per cent, respectively. size chart. 

Section 9 (b).—Change from the form as pre- 
printed to read as follows: Section 12.—Change from its present form 


to read as follows: 

(b) Tension test specimens shall have their longest 

axis in the direction of the last hot rolling and shall be 

the full thickness of the material as rolled. Test speci- 

mens may be machined to the form and dimensions 
shown in Fig. 1 or 2 as specified. 


12. When requested by the purchaser and so stated in 
the order, the manufacturer shall furnish one photo- 
micrograph at 100 diameters from a specimen of pipe in 
the as-finished condition for each individual size and 
, , wall thickness from each melt, for pipe in nominal sizes 

Figs. 1 and 2.—Add as Fig. 1 the standard 3 in. one over nee to echadneen 140 and 160, — = 

strate that such pipe meets the requirements o tion 

rectangular test specimen with 8 in. gage length 2(d) when the order states that those requirements are 
to be met. Such photomicrographs shall be suitably 
identified as to pipe size, wall thickness, and melt. 

11 Results of the letter ballot on this recommendation No photomicrographs for the individual pieces pur- 
indicating its approval, are given in the report of Com- chased shall be required except as specified in Para- 
mittee A-1, see p. 80. graph S-7. E 
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Supplementary Requirements, Section S7.— 
Change from its present form to read as fol- 
lows: 


$7. In addition to the photomicrographs which ma 
be required under Section 12, for hot-tinished pipe in 
nominal sizes 3 in and over made to schedules 140 and 
160 and specified to meet the requirements of Section 
2(d), the purchaser may specify that photomicrographs 
shall be furnished from each end of one or more pieces 
_ from each lot of pipe in the as-finished condition. The 
_ purchaser shall state in the order the number of pipes 
to be tested from each lot. When photomicrographs 
are required on each piece, the photomicrographs from 
each lot of pipe in the as-finished condition which ma 
be required under Section 12 may be omitted. All 
_ Photomicrographs required shall be properly identified 


being recommended in order that the elonga- 
tion requirements, the addition of the acid 
bessemer process requirements for this steel, 
and the revised flattening test requirements 
which appeared in the report as preprinted 
will all be incorporated immediately in the 
tentative specifications, instead of being 
published as tentative revisions of a standard. 


Table I.—Change footnote 5 as preprinted 
to read as follows: 


When acid-bessemer steel is furnished for grades A or 
B seamless pipe the phosphorus content shall be 0.11 


TABLE I. 


Ferritic Austenitic 
30 000 30 000 
Longi- Longi- 
tudinal | TT@Msverse) | Tramsverse 
Elongation, min., per cent: ; 
Basic minimum elongation for walls 5 in. and over in thickness, ates f 
strip tests, and for all small sizes tested in full section... ...... 30 20 50 40 eens 
When standard round 2-in. gage — 4° test specimen is used ...... 22 14 35 me ey ; 
For strip tests, a deduction for each 4% in. decrease in wall thick- ; 
ness % in. from the basic minimum elongation of the fol- 
® The following table gives the calculated minimum values: 
Ferritic Austenitic 
Longi- | Transverse | Longi- | Transverse 
tudinal tudinal 
30.00 20.00 50,00 40.00 
28.50 19.00 47.50 38.00 
27.00 18.00 45.00 36.00 
24. 
22.50 37.50 
21.00 35.00 
19.50 32.50 
18.00 30.00 


as to heat number, size, and wall thickness of pipe from 
which the section was taken. Photomicrographs shall 
be further identified to permit association of each 
photomicrograph with the individual piece of pipe it 
‘represents. 


ies a Section 8 (a).—Revise the elongation re- 
« vi _ quirements by changing the table from its 


, ss present form to read as shown in the accom- 
panying Table IT. 
eee Spec. for Lap-Welded and Seamless Steel Pipe 


High-Temperature Service (A 106-41); 
geverted to status of tentative with following 
additional changes accepted by unanimous 
consent, subject to favorable letter ballot 
: Js Committee A-1," reversion to tentative 


max. per cent and the carbon content shall be 0.25 max. 
per cent. 


Spec. for Carbon-Steel Castings Suitable for 


Fusion Welding for Service at Temperatures 
up to 850 F. (A 216-41 T); with the follow- 
ing changes, not preprinted, accepted by 
unanimous consent, subject to favorable 
letter ballot of Committee A-1:"4 

Section 5 (a).—Change the requirement 
for silicon in both grades from the present 
value of “0.50 max.” to read “0.60 max.” per 
cent. 


Spec. for Alloy-Steel Castings Suitable for Fusion 


Welding for Service at Temperatures from 
750 to 1100 F. (A 217 -41 T); with the fol- 
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lowing changes, not preprinted, accepted by 
unanimous consent, subject to favorable 
letter ballot of Committee A-1:" 

Section 5 (a).—Change the requirement for 
silcon in grades WC1 and WC2 from the 
present value of “0.50 max.” to read ‘0.60 
max.” 

Adopted as Standard: 


Spec. for Low-Alloy Siena Steel (A 242 - 
41 T) 

Spec. for Carbon-Steel Forgings for General 
Industrial Use (A 235 - 40 T) 


TABLE I. 
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Spec. for Seamless Carbon-Molybdenum Alloy- 
Steel Boiler and Superheater Tubes (A 209 - 
41 T) 

Spec. for Heat-Treated Wrought Steel Wheels 
(A 244 - 41 T) 

The recommendation, not preprinted, for 
adoption of the three last named tentative 
standards was accepted by unanimous con- 
sent, subject to favorable letter ballot of 
Committee A-1" 


Revisions of: 


Spec. for Chromium- Steel ‘Sees for 
Springs (A 60 — 39) 
Spec. for Seamless Cold-Drawn Low-Carbon 


Tensile strength, min., psi...... 55 000 Steel Heat-Exchanger and Condenser Tubes 
30 000 (A 179 40) 
Longi- | Spec. for Electric-Resistance-Welded Steel Heat- 
tudinal saracaataie Exchanger and Condenser Tubes (A 214 — 40) 
Spec. for Seamless Alloy-Steel Boiler and Super- 
Elongation, min., per cent: 4 
Basic minimum elongation heater Tubes (A 213 - 40) 3 
% in. and over Spec. for Carbon-Steel Bars for Springs (A 14 - 
, strip tests, 
teamed 39); the following changes, not preprinted, 
will section 30 20 were accepted by unanimous consent, subject 
en standar roun -in. — 
gage length test specimen mir aE to favorable letter ballot of Committee A-18 
is used...... 4 Section 1.—Revise to provide for addition 
or strip tests, new Grade C, indicating that this is for 
wal below 5% i applications where definitely specified. 
sic inim ° 
qiongetion of the following Section 3.—Add the following chemical 
1.50" 1.00° composition requirements for a new Grade C: 


“@ The following table gives the calculated minimum 
values: 


Spec. for Carbon-Steel Forgings for Locomotives 
and Cars (A 236-40 T) 

Spec. for Alloy-Steel Forgings for General In- 
dustrial Use (A 237-40T) 

Spec. for Alloy-Steel Forgings for Locomotives 
and Cars (A 238 - 41 T) 

Spec. for Factory-Made Wrought Carbon- 
Steel and Carbon-Molybdenum-Steel Weld- 
ing Fittings (A 234 - 40 T) 

Spec. for Atomic-Hydrogen-Arc-Welded and 
Electric-Resistance-Welded Alloy-Steel Boiler 


Wall Thickness, in Transverse 


and Tubes (A 249-41 T), as 


revised 


4 


Grade C 
0.85 to 1.05 
Manganese, 0.25 to 0.50 
Phosphorus, max., per cent. 


Sulfur, max., per 0.05 


Concurrent with this action was the with- — 
drawal of the Standard Specifications for Car- 
bon-Stee] Bars for Vehicle and General Purpose 
Springs (A 58-27). Grade Cis beingadded _~ 
to Specifications A 14 to provide fora compo- 
sition that was formerly covered by Specifica- _ 
tions A 58. 


Spec. for Welded and Seamless Steel Pipe (A53. 
- 40); with the following additional changes, __ 
not preprinted, accepted by unanimous con- > 
sent, subject to favorable letter ballot of 
Committee A-1:" 

Section 1—Add a new paragraph to read 
as follows: 


This materia! is suitable for fusion welding. ei hes 


Section 4.—Change this section from its _ 
present form to read as follows wn the odatee 
of the italicized words: 
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4. An analysis of two pipes from each lot of 500 lengths 
or fraction thereof may be made by the purchaser. 
Drillings for analysis shall be taken from several points 
around each pipe selected for analysis. The phosphorus 
content of open-hearth or electric-furnace steel thus 
determined shall not exceed that specified in Section 3 
by more than 25 per cent. For acid-hessemer seamless 
steel pipe, the phosphorus content shall not exceed the 
maximum specified in Section 3. 


The proposed tentative revisions in Sections 
(a), 2, 3, 7, 10 (6), 17 and Table I, as pre- 
printed were recommended for immediate 
adoption and accepted by unanimous action 


subject to favorable letter ballot of Committee 


Spec. for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel 
Pipe for Ordinary Uses (A 120-40) 

Spec. for Molybdenum-Steel Plates for Boilers 
and Other Pressure Vessels (A 204 - 39) 
Spec. for Carbon-Steel Plates for Stationary 
Boilers and Other Pressure Vessels (A 70 - 

39) 

Spec. for Low-Carbon Nickel-Steel Plates for 
Boilers and Other Pressure Vessels (A 203 - 
39) 

Spec. for Commercial Quality Hot-Rolled Bar 
Steels (A 107 - 40) 

Spec. for Alloy-Steel Castings for Valves 
Flanges, and Fittings for Service at Tempera- 
tures from 750 to 1100 F. (A 157 — 41), with 
the following additional changes, accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee A-1:" 

Table I.—Change the carbon content of 
grades C 3A, C3B, C5A, and C5B from 
“0.35 max. per cent” in the first two grades 
and “0.15 to 0.35 per cent” in the last two 
grades to read “0.30 max. per cent” in all 
four grades. 

Table II1.—Change the minimum tensile 
strength of grades C 5A and C SB from 


“100,000 psi.” to read ‘90,000 psi.” and the 


- minimum yield point from “65,000 psi.” to 
read “60,000 psi.” 


Spec. for Steel for Bridges and Buildings (A 7 - 
39) 

Spec. for Structural Steel for Locomotives and 
Cars (A 113 — 39) 

Spec. for Carbon-Steel Castings for Miscel- 
laneous Industrial Uses (A 27 — 39) 

Spec. for Carbon-Steel and Alloy-Steel Castings 
for Railroads (A 87 — 36) 

Spec. for Alloy-Stee] Castings for Structural 
Purposes (A 148 — 36) 

Spec. for Lap-Welded and Seamless Steel and 
Lap-Welded Iron Boiler Tubes (A 83 - 40) 

Spec. for Electric- Fusion- Weiied Steel Pipe 
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Spec. for Electric-Resistance-Welded Steel Pipe 
(A 135 - 34) 

Spec. for Electric-Fusion-Welded Steel Pipe 
(Sizes 8 in. to but not Including 30 in.) 
(A 139 — 39) 

Spec. for Forged or Rolled Steel Pipe Flanges 
for General Service (A 181 — 37) 

Spec. for Seamless Cold-Drawn Alloy-Steel 
(4 to 6 per cent Chromium) Heat-Exchanger 
and Condenser Tubes (A 187 — 40) 

Spec. for Boiler and Firebox Steel for Locomo- 
tives (A 30 - 39) 

Spec. for Electric-Fusion-Welded Steel Pipe for 
for High-Temperature and High-Pressure 


Service (A 155 — 36) 
Withdrawal of Standards: 


Spec. for Lock-Bar Steel Pipe (A 137 — 34) 
Spec. for Carbon-Steel Bars for Vehicle and 
General Purpose Springs (A 58 — 27) he, 


Reaffirmation of Standards: sl 


Spec. for Open-Hearth Steel Girder Rails of 
Plain, Grooved, and Guard Types (A 2 - 27) 

Spec. for Low-Carbon Steel Joint Bars (A 3- 
33) 

Spec. for Medium-Carbon Steel Joint Bars 
(A 4-14) 

Spec. for Soft Steel Track Spikes (A 65 - 33) 

Spec. for Steel Screw Spikes (A 66 - 33) 

Spec. for Steel Tie Plates (A 67 — 33) 

Spec. for Low-Carbon Steel Track Bolts and 
Nuts (A 76-33) 

Spec. for Rail-Steel Bars for Concrete Reinforce- 
ment (A 16-35) 

Spec. for Cold-Drawn Steel Wire for Concrete 
Reinforcement (A 82 — 34) 

Spec. for Axle-Steel Bars for Concrete Rein- 
forcement (A 160-39) 

Spec. for Fabricated Steel Bar or Rod Mats for 
Concrete Reinforcement (A 184 - 37) 

Spec. for Welded Steel Wire Fabric for Concrete 
Reinforcement (A 185 - 37) 

Spec. for Carbon-Steel Axles for Cars and Ten- 
ders (A 21 — 36) 

Spec. for Austenitic Manganese-Steel Castings 
(A 128 - 33) 

Spec. for Forge-Welded Steel Pipe (A 136 — 34) 

Spec. for Riveted Steel and Wrought-Iron Pipe 
(A 138 — 34) 


Committee A-9 on Ferro-Alloys: 


Report presented, in the absence of 
the chairman, by C. M. Loeb, Jr., secre- 
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Adopted as Standard: 
Spec. for Ferrochromium (A 101 - 39 T) 


Sectional Committee B36 on Standardiza- 
tion of Dimensions and Materials of 
Wrought-Iron and Wrought-Steel Pipe 
and Tubing: 


Progress report, not preprinted, pre- 
sented from manuscript by H. H. Mor- 
gan, chairman. 


Joint Research Committee on Effect of 
Temperature on the Properties of Me- 
tals: 

Progress report, presented by N. L. 
Mochel, chairman. 


Joint Committee on Definitions of Terms 
Relating to Heat Treatment: 

Progress report, not preprinted, pre- 
sented from manuscript by H. S. 
Rawdon, chairman. 


Committee A-6 on Magnetic Properties: 
Report presented by Thomas Spooner, ,, 


chairman, and the following action 
taken: 
Adopted as Standard: 


Test for Magnetic Properties of Iron and Steel 
(A 34-41) 


It'was announced that the three fol- 
lowing methods, which appeared in the 
preprinted report as information would 
be presented to the Society subsequent 
to the annual meeting for publication as 
tentative through Committee E-10 on 
Standards: 


Test for Permeability of Feebly Magnetic 
Materials 


Session Chairman: President G. E. F. 
Lundell. 


In introducing the Seventeenth Edgar 
Marburg Lecturer, President Lundell ex- 


12 See report of Committee A-6, Editorial Note, p. 126. 
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® changes in chemical composition require- 
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Test for Measuring Permeability and Core Loss 
of Flat-Rolled Magnetic Materials Using 28- 
cm. Specimen 

Test for Incremental Permeability and Core 
Loss of Flat-Rolled Magnetic Materials at 
Low Alternating Inductions Using 28-cm. 
Specimen 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys: 


Report, not preprinted, presented from 
manuscript by Jerome Strauss, chairman, 
and the following actions taken: 


Adopted as Standard: 

Revisions of: 

Spec. for Corrosion-Resisting Chromium-Nickel 
Steel Sheet, Strip, and Plate (A 167 - 41) 

Spec. for Corrosion-Resisting Chromium Steel 
Sheet, Strip, and Plate (A 176-41) 

Spec. for Corrosion-Resisting Chromium- 
Nickel Steel Sheet, Strip, and Plate for Fusion- 
Welded Unfired Pressure Vessels (A 240 — 41) 


In the above three specifications the 
revisions, not preprinted, comprise 


ments proposed in order to bring the _ 
specifications into agreement with prac- — 
tice and in accord with the current type 
classifications of the American Iron and 
Steel Institute. 


Papers: 


The following papers were presented: 
The Physical Properties of Steel Wire as Affected 
by Variations in the Drawing Operations— 
Howard J. Godfrey, presented by the author. 
Comparative Quality of Converter Cast Steel— 
C. E. Sims and F. B. Dahle, presented by 
Mr. Sims. 
The Absolute Measurement of the Energy Loss 
in a Single Strip of Sheet Iron or Steel Under 
Alternating Magnetization—W. E. Shenk, 
presented by the — 


plained briefly the purpose of this annual _ 
memorial lecture, established 17 years 
ago as a means of honoring and perpetu- 
ating the memory of the first Secretary- ‘ 
Treasurer of the Society, Edgar Marburg — 
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thus commemorating one who con- 
tributed so much to the A.S.T.M. during 
the years of its early development. It 
brings to the Society membership valu- 
able expositions by authorities in the 
sciences and in engineering concerning 
important developments in the field of 
engineering materials. 

He then presented Dr. Graham Edgar, 
Director of Research, Ethyl Corp., who 
had chosen as the subject of his lecture 
“Gasoline—Past, Present and Future.” 
Doctor Edgar discussed at some length 
those properties of gasoline that have 
the greatest bearing on its suitability 
for use in internal combustion engines: 
namely, its volatility, distillation, vapor 
pressure, and knocking characteristics. 
Since the tendency of gasoline to knock 
is probably its most important single 
property, Doctor Edgar pointed out 
that this has been one of the most 
difficult problems and he presented 
a summary of the best technical opinions 
concerning the available tests, including 
the A.S.T.M—-C.F.R. method. Con- 
cerning gasoline chemistry he referred 
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to the importance of research in this field 
which in large measure was a result of the 
knock test studies since this is related 
directly to chemical compositions. He 
mentioned that present knowledge of 
hydrocarbons has led to advances in 
many fields other than gasoline. In re- 
viewing the current gasoline situation he 
also discussed the important part that 
gasoline will probably play in the future 
in air transportation. In conclusion, he 
stressed the very close relation between 
the petroleum and the automotive manu- 
facturer as inseparable parts of the trans- 
portation industry, which parts must 
progress simultaneously in order for the 
public to receive the most efficient, 
economical, comfortable, and safer trans- 
portation which appears to be both 
technically and economically possible. 

President Lundell, in expressing ap- 
preciation to Doctor Edgar for his fine 
exposition on a subject of particular 
interest to the A.S.T.M., presented to 
him on behalf of the Society, the Edgar 
Marburg Lecture Certificate. 


ELEVENTH SESSION—ADDRESSES—PRESIDENT LUNDELL AND BRIGADIER-GENERAL 
C. D. Younc; Awarp oF DuDLEY MEDAL 


Session Chairman: Past-President T. G. 
Delbridge 


Committee E-10 on Standards: 


Report presented by J. R. Townsend, 
chairman. 


Committee E-9 on Research: 
Report presented by G. F. Jenks, 


This report, presented by Secretary- 
Treasurer C. L. Warwick, discussed the 
nature and extent to which the Society 
was contributing to the war effort. 
Reference was made to the procedure 
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established by the Executive Committee 


for handling emergency standards and 
emergency alternate provisions in stand- 
ards, which has resulted in the publica- 
tion of six emergency specifications and 
test methods, 50 emergency alternate 
provisions, and one emergency alternate 
specification. The report also discussed 
briefly various requests received by 
AS.T.M. from the War Production 


“s Board and other Government agencies 


in connection with problems relating to 
materials essential to the war effort. 
The report also covered general Society 
activities, membership, publications, fi- 
nances, administrative matters relating 
to committee activities, and cooperative 
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activities with other engineering so- 
cieties. 

The report announced that the Execu- 
tive Committee had approved a change 
in the Regulations Governing Standing 
Committees, which would permit com- 
mittees to submit to letter ballot recom- 
mendations dealing with standards with- 
out requiring that such matters be first 
considered at a meeting of the committee, 
this change in the regulations to 
become effective at the close of this 
annual meeting. 


Address by General Young: 


The chairman then introduced Brig- 
adier-General Charles D. Young, Direc- 
tor of Procurement and Distribution, 
Services of Supply, U. S. A.; and Past- 
President of the Society, who presented 
a talk on “Organization of the Services 
of Supply of the War Dept.” General 
Young spoke informally and off the 
record concerning many problems con- 
fronting the services of supply, one of 
the three major army components, the 
other two being the ground forces and 
the air forces. He referred to the tre- 
mendous distribution problem involved 
in the work of this branch of the service 
and stated that remarkable progress has 
been made in reducing the time from 
completion of production to delivery at 
the point of use. He stated that produc- 
tion was considerably ahead of the de- 
signed capacity and that this was due to 
advanced planning and a number of 
stimulating causes. General Young 
stressed the need for stimulating research 
on synthetic rubber and referred to the 
possible future use of various substitutes 
for alloys requiring nickel, chromium, 
tungsten, vanadium, and related metals. 
He also stressed the importance of steel as 
a substitute for copper in certain ordnance 
materials and stated that the author- 
ized staal of $24,000,000,000, 


ForRTY-FIFTH ANNUAL MEETING 


gave some idea of the tremendous 
production in this one branch of the 
Army. 


Presidential Address: 


The chairman then presented the Pres- 
ident, Dr. G. E. F. Lundell, who delivered 
the presidential address on ‘Chemical 
Requirements and Chemical Analysis.” 
Doctor Lundell’s address was based on 
his 25 years of experience in this field of 
materials testing. He indicated that the 
operations of a chemical analysis can be 
divided into those that make the deter- 
mination possible and those which attend 
the determination itself. He indicated 
that the former is more important in 
applied analysis and that it would be 
helpful to the understanding of analytical 
chemistry if the term chemical analysis 
were applied to true analysis. He paid 
tribute to the pioneering work in this 
field of the Society’s first president, Dr. 
Charles B. Dudley. A considerable part 
of the address was devoted to a discus- 
sion and explanation of precision and 
accuracy, and examples of how incon- 
gruous some requirements appear when 
consideration is given to the personal 
equation and apparatus limitations. 
The importance and increasing use of 
spectrographic procedures in. quantita- 
tive and qualitative analysis in the in- 
organic field, and of microanalysis in the 
organic field received special mention. 
In conclusion he referred to the improve- 
ments made by chemists in shortening 
the time required for chemical analysis 
which has made quite a contribution in 


the evolution of current manufacturing © nae 


processes. 


The chairman presented, as the re- 
cipients of the award of the Charles B. 
Dudley Medal, Francis C. Todd, As- 
Professor, Petroleum and 
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ural Gas Engineering, and A. W. Gauger, 
Director, Mineral Industries Research, 
The Pennsylvania State College, for 
their paper on ‘“‘Studies on the Measure- 
ment of Water Vapor in Gases,” pre- 
sented at the 1941 Annual Meeting of 
the Society. The Dudley Medal is 
awarded annually by the Society to the 
author or authors of a technical paper 
considered to be of outstanding merit, 
and constituting an original contribution 
on research in engineering materials. 
In thus recognizing meritorious contribu- 
tions in the materials field, the medal 
commemorates the name of the first 
President of the Society, Charles B. 
Dudley. 

On behalf of and as the representative 
of the Society, President Lundell then 
made the sixteenth award of the Charles 
B. Dudley Medal to Messrs. Todd and 
Gauger. | 

In expressing appreciation of the honor 
conferred upon the authors by this award 
Mr. Gauger made the following remarks: 


I realize that the hour is late, but I think that 
Professor Todd and I would be churlish if we 
did not express our very, very deep appre- 
ciation of this award. I wish to thank the 
committee and the members of this Society on 
behalf of my colleague and myself. 

There are one or two other things that I 
should mention, because they will be of interest 
to you, I know. We are deeply grateful also 
because this work is part of the work of a rel- 
atively new committee, Committee D-3 on Gas- 
eous Fuels, and so, on behalf of my friends on the 
committee, who, to paraphrase a common state- 
ment, have been our best friends and also our 
severest critics, I want to thank the Society. 

I wish also to publicly express our apprecia- 
tion at this time for a grant-in-aid which we 
received from the Research Committee of the 
Society several years ago, amounting to two 
hundred dollars. We are deeply grateful for 
that because it enabled us to get our second wind 
and finish our apparatus when we were broke. 


Recognition of Forty-Year Members: 


The chairman announced that in ac- 
cordance with action taken by the Execu- 
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tive Committee, certificates were being 
awarded this year to nine individuals and 
six companies who had attained 40 years 
of membership in the Society. Pres- 
entation of the certificates was then 
made by the Secretary-Treasurer to the 
following: 


Charles Derleth, Jr., University of California. 
W. C. Du Comb, W. C. Du Comb Co., Inc. 
W. R. Edwards, Baltimore, Md. 
J. E. Greiner, The J. E. Greiner Co. 
N. F. Harriman, Procurement Division, 
Treasury Dept. 
W. M. Saunders, Analytical and Consulting 
Chemist, Providence, R. I. 
H. E. Smith, Materials Engineer, White 
Plains, N. Y. 
Bradley Stoughton, Lehigh University. 
J. L. Van Ornum, Washington University. 
Ajax Metal Co., Philadelphia, Pa. 
International Harvester Co., Chicago, Ill. 
Jones & Laughlin Steel Co., Pittsburgh, Pa. 
Lukens Steel Co., Coatesville, Pa. 
Sherwin-Williams Co., Cleveland, Ohio. 
Standard Steel Works Division, The Baldwin 
Locomotive Works, Burnham, Pa. 


Election of Officers: 


The chairman then recognized C. S. 
Reeve, chairman of the Committee of 
Tellers, who reported results of the letter 
ballot on election of officers. Of the 
1313 ballots cast, the results were as 
follows: 

For President, to serve for 1 yr.: 

H. J. Ball, 1313 votes. 
For Vice-President, to serve for 2 yr.: 
P. H. Bates, 1312 votes. 
For members of the Executive Com- 
mittee, to serve for 2 yr.: 
R. P. Anderson, 1313 votes. 
M. H. Bigelow, 1313 votes. 
J. H. Foote, 1311 votes. 
Alexander Foster, Jr., 1312 votes. 
L. H. Fry, 1313 votes. 

The chairman then introduced the 
newly elected members of the Executive 
Committee, requesting that they rise as 
their names were called. 

At the request of the chairman, Past- 
President G. H. Clamer and J. L. Miner, 
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escorted to the chair the Vice-President- 
Elect, P. H. Bates, who expressed ap- 
preciation of the honor of his election. 

The chairman then requested Past- 
President H. H. Morgan and Vice-Presi- 
dent Dean Harvey to escort to the chair 
the President-Elect, H. J. Ball, who 
spoke as follows in acknowledging the 
honor of his election: 


Your election of me as your President for the 
coming year I deem to be an award of high 
honor. I hereby acknowledge it with deep 
appreciation. 

I should also like to share that honor, if it 
were possible, with every member of Commit- 
tee D-13 on Textile Materials, a group of fine 
and loyal men and women with whom it has 
been a real pleasure to work and who, I feel, 


Session Co-Chairmen: Carl D. Hocker; 


Jerome Strauss 


Committee E-8 on Nomenclature and 


Definitions: 

Report presented by Cloyd M. Chap- 
man, chairman, and the following action 
taken: 


Adopted as Standard: 


Def. of the Term Screen (Sieve) (E 13-28 T), 
as revised 


It was announced that the Committee 
had approved for adoption as standard 
the Tentative Definitions of Terms Re- 
lating to Refractories (C 71-40 T), 
proposed by Committee C-8 on Re- 
fractories. 

It was a’so announced that the Tenta- 
tive Definitions of Terms Relating to 
Rheological Properties of Matter (E 24 - 
40 T), being recommended for adoption 
as standard this year by Committee E-1 
on Methods of Testing, had been circu- 
larized in the committee and that 
several suggestions resulting from this 
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are sharing with me at this time the pleasure of 
this occasion. 

We all realize that the year into which we are 
passing is one whose effects upon the life, 
activities, and plans of the A.S.T.M. and of its 
members are difficult to estimate or predict. 
The main issue of the moment is to assist in 
every way possible any effort which will help 
in any degree to bring this war to an early and 
successful conclusion. 

You have already learned that the officers 
and the Executive Committee of the Society 
have been giving and will continue to give their 
best thought to plans which will make the in- 
fluence of the A.S.T.M. most effective for this 
purpose. I take this opportunity to express 
recognition of the valuable work and service 
which has been rendered ‘by hundreds of our 
members toward this same goal, and to ask for 
their continued support throughout the coming 
year. 


review would be discussed with Com- 
mittee E-1 during the year. 

The recommendation for adoption as 
standard of the revised definition for 
perforated gypsum lath, as proposed by 
Committee C-11 on Gypsum, was re- 
viewed by Committee E-8 and action 
taken to request this committee to defer 
formal adoption of this definition for a 
year in order to provide opportunity for 
the discussion of desirable changes. 


Committee E-1 on Methods of Testing: 


Report presented by W. H. Fulweiler, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Revisions of Spec. for A.S.T.M. Theromometers 
(E1-41T), kinematic viscosity thermom- 
eters 


Adopted as Standard: 


Hardness Conversion Table for Cartridge Brass 

Test for Rockwell Hardness of Metallic Mate- 
rials (E 18 - 39 T) 

Def. of Terms Relating to Rheological Proper- —_— 
ties of Matter (E 24-40 T) 
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Adopted as Standard: 


Spec. for A.S.T.M. Thermometers (E 1 - 41 T): 
Turpentine Distillation Thermometer E-1 
(27C-40T), replacing Standard Ther- 

mometer E-1 (27C - 39) 

Titer Test Thermometer E-1 (36C -41T) 

Tension Testing of Metallic Materials (E 8 - 
40 T), as revised, with the following additional 
editorial changes, not preprinted, accepted 
by unanimous consent: 

Section 5.—To correct a_ typographical 
error, change the figure ‘0.0005 in.” to read 
“0.005 in.” in the revision of this section as 
preprinted. 

Section 18.—Add to this section which 
covers the speed of testing requirements an 
additional sentence reading as foilows: 

When the tensile properties of a material are appre- 
ciably affected by speed of straining suitable limits for 


rate of straining should be included in the purchase 
specifications covering that material.* 


@ This is the responsibility of those preparing the 
purchase specifications. 

Change Paragraph 18 (c) to read as follows 
by the addition of the italicized word and the 
omission of those in brackets: 

(c) The change in tensile strength values produced 
by a change in the rate of straining is [usually consider- 
ably] often less than that observed for the yield strength. 
The range of permissible speeds is, therefore, wider. 

Revisions of Spec. for A.S.T.M. Thermometers 
(E 1-39): 

High Distillation Thermometers E-1 (8C - 
’ 39) and E-1 (8F - 39), with a further change 
f 
2 rom the form as preprinted providing for 
omission of the explanatory footnote 
and changing the distance from the bottom 
of the bulb to the graduation line at 0 C. 


me (32 F.) from “25 to 35 mm. (0.98 to 1.38 
2 in.)” tg read “25 to 45 mm. (0.98 to 1.77 


in.).” This change was Accepted by unan- 
- ijmous consent subject to favorable letter 
ballot by Committee E-1." 
Open Flash Thermometers E-1 (11C - 39) 
and E-1 (11F - 39) 
Thermometer for Stability Test of Soluble 
Nitrocellulose E-1 (26C —- 39). 


It was announced that the recom- 
mendation in the preprinted report for 
adoption as standard of the Specifica- 
tions for the Tung Oil Thermometer E-1 
(32 C-39T) had been withdrawn by 
the committee. 

Mr. Fulweiler then called upon H. F. 
Moore to describe the activities of Tech- 

3 Results of the letter ballot on this recommendation 


indicating its approval appear in the report of Committee 
E-1, see p. 458 


SUMMARY OF PROCEEDINGS 


nical Committee I on Mechanical Test- 
ing, and on E. C. Bingham to report on 
the work of Technical Committee II on 
Consistency, Plasticity, and Related 
Properties. 

The paper by J. P. Bader and E, L. 
Peffer on ‘Methods of Testing Hydrom- 
eters,” to be appended to the report, 
was presented from manuscript by W. 
H. Watson. 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented, in the absence of 
the chairman, by C. D. Hocker. 


Research Committee on Fatigue of Metals: 


Report presented by H. F. Moore, 
chairman, who also summarized the 
paper by H. F. Moore and D. Morkovin 
entitled “Progress Report on the Effect 
of Size of Specimen on Fatigue Strength 
of Three Types of Steel,” appended to 
the report. 


Committee E-4 on Metallography: 


Progress report, not preprinted, was 
presented from manuscript by L. L. 
Wyman, chairman. 


Papers: 


The following papers were presented: 


Hardness Conversion relationships—Robert H. 
Heyer, presented by the author. 

A Scanning Electron Microscope'*—V. K. 
Zworykin, J. Hillier and R. L. Snyder, pre- 
sented from manuscript by Mr. Hillier. 

Hydraulically - Supported Spherically - Seated 
Compression Testing Machine Platens—R. L. 
Templin, presented by the author. 

The Influence of the Combination of Principal 
Stresses in Fatigue of Metals—D. J. McAdam, 
Jr., presented by the author. 

Evaluation of Fatigue Damage of Steel by 
Supplementary Tension-Impact Tests—J. A. 
Kies and W. L. Holshouser, presented by 
Mr. Kies. 

Fatigue Tests as a Means of Evaluating Cor- 
rosion Damage of Sheet Metals—W. H. 
Mutchler and J. A. Kies, presented by Mr. 
Mutchler. 


14 Published in ASTM Buttetin, No. 117, August, 1942, 
p. 15. 
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THURSDAY, JUNE 25, 2 P.M. 
Session Co-Chairmen: resident G. E. F. 
Lundell; Vice-President Dean Harvey Silicon, max 
lic Coatings: Chromium, 0.5 + 0.1 
= other impurities, each max., per 


chairman. 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


Report presented by Sam Tour, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Revisions of Spec. for Aluminum-Base Alloy 
Sand Castings (B 26 - 41 T) 

Revisions of Spec. for Aluminum for Use in 
Iron and Steel Manufacture (B 37 —-41 T), 
with the following additions, not preprinted, 
accepted by unanimous consent, subject 
to favorable letter ballot of Committee 

B-7 25 
Table I.—Change from its present form to 

read as follows: 


| 
ES 
ES 
| | & | | 28 | 
= N ~ 
98 98.0 0.2 0.2 0.5 2.0 
94 to 96 94.0 4.0 1.0 1.0 6.0 
90 to 94 90.0 6.5 2.0 2.0 10.0 
82.5 to 90 82.5 8.0 2.5 2.5 17.5 


- Commercial grades of aluminum may also contain 
small amounts of one or more of the following elements: 
nickel, lead, tin, bismuth, chromium, molybdenum, and 
titanium. These minor elements need not be determined 
chemically or spectrographically unless otherwise specified 
in the contract or order. 


Revisions of Spec. for Aluminum-Base Alloys 
in Ingot Form for Sand Castings (B 58- 
41 T), with the addition of the following re- 
quirements for new alloy ZG41 (formerly 
alloy O), not preprinted, accepted by unan- 
imous consent, subject to favorable letter bal- 
lot of Committee B-7:% 

Table I.—Add a new alloy ZG 41 (formerly 
alloy O) conforming to the following require- 
ments as to chemical composition: 


18 Results of the letter ballot on this recommendation, 
indicating its approval appear in the report of Committee 


B-7, see p. 221. 


ForRTY-FIFTH ANNUAL MEETING 


‘THIRTEENTH SESSION—NON-FERROUS METALS 


Revisions of Spec. for Aluminum-Base Alloys 
in Ingot Form for Die Castings (B 125 - 39 
T), with the following changes, not pre- 
printed, accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee B-7:!5 

Table I.—Change Alloy VII to conform to 
the following requirements: 


Copper, per cent.......... 3.5 to 4.5 - 
Silicon, per cent........... 4.5 to7.5 
Nickel, max., per cent..... 0.3 
Iron, max., per cent....... 1.0 
Zinc, max., per cent ; 0.5 
Manganese, max., per cent. 0.5 
Magnesium, max., per cent. 0.10 
Total other impurities, 

max., per cent... : 0.5 
Single impurity not speci- 

fically mentioned, max., 


Revisions as given below in the follow- 
ing six specifications, not preprinted, 
were accepted by unanimous consent, 
subject. to favorable letter ballot of 
Committee B-7:" 


Spec. for Aluminum Sheet and Plate (B25- 
41 T) 

Aluminum-Alloy (Duralumin) Sheet and Plate 
(Aluminum - Copper - Magnesium - Man- 
ganese) (B 78 —- 41 T) 

Aluminum-Manganese Alloy Sheet and Plate 
(B 79 - 41 T) 

Aluminum-Alloy (Duralumin Bars, Rods, Wire 
and Shapes (Aluminum-Copper-Magnesium- 
Manganese) (B 89 — 41 T) 

Aluminum-Magnesium-Chromium Alloy Sheet 
and Plate (B 109 - 41 T) 

Aluminum-Manganese Alloy Sheet and Plate 
for Use in Welded Pressure Vessels (B 126- 
40 T) 

Section 3.—Add the following requirement 
for permissible zinc content in the tabulation 
of chemical composition requirements: 


Change the requirement for other elements 
from its present form to read a3 follows: 


Other elements, max., percent........ 
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The following code system devised for 
classification of designations of aluminum 
base alloys was accepted for publication 
in the report of Committee B-7: 


1. One or two letters will be used to designate 
the major alloying elements. If there is but 
one major alloying element, only one letter will 
be used. If there are two major alloying ele- 
ments present, two letters will be used, the first 
letter designating that element present in the 
larger amount. 

2. Numbers will be used following the letters 
which further define the number of alloying 
elements. If this number is below 20, it will 
indicate that only those elements designated 
by the code letters are present in the alloy. 
If this number is between 20 and 40, it will in- 
dicate that there is one alloying element present 
other than those indicated by the code letters. 
If the number is between 40 and 60, it will in- 
dicate that there are two alloying elements 
present other than those indicated by the code 
letters. Similarly, a number between 60 and 
80 will indicate three additional alloying ele- 
ments and so on. 

3. Only those elements are considered alloy- 
ing elements that are intentionally added and 
are therefore defined by both minimum and 
maximum limits in the specification. 

4. The code letters to be used are as follows: 
A—aluminum N—nickel 

C—copper R—chromium 


G—magnesium S—-silicon 
M—manganese Z—zinc 


_ The use of the letter “A” for aluminum is 
necessary since various grades and purities are 
available in both ingot and wrought forms. 


In order to provide for the application 
of the above code system to the various 
aluminum alloys under the jurisdiction 
of Committee B-7, action was taken ap- 
proving editorial changes in the specifi- 
cations to incorporate appropriate code 
letters for the alloys covered. 


Committee B-6 on Die-Cast Metals and 

Alloys: 

Report presented by J. R. Townsend, 
chairman, and the following actions 
taken: 

Adopted as Standard: 


Spec. for Aluminum-Base Alloy Die Castings 
_ (B85-39T), with the following revision, 


SUMMARY OF PROCEEDINGS 


not preprinted, accepted by unanimous 
consent, subject to favorable letter ballot 
of Committee B-6:% 

Table I.—Replace alloy No. VII by new 
alloys VIIA and VIIB conforming to the 
following requirements as to chemical com- 
position: 


Alloy VIIA Alloy VIIB 

Copper, per cent. . . 3.5 to 4.5 3.5 to 4.5 
Silicon, per cent.......... 4.5 to 7.5 4.5 to 7.5 
Nickel, max., per cent.. 0.3 0.3 
Iron, max., per ened... 2.0 1.3 
Zinc, max., per cent...... 1.0 0.6 
Manganese, max., per cent 0.5 0.5 
Magnesium,max.,percent 0.10 0.10 
Total other impurities, 

max., per cent......... 0.5 0.5 
Any one impurity, max 

0.15 0.15 


The paper by E. H. Kelton on “Fa- 
tigue Testing of Zinc-Base Alloy Die 
Castings,” to be appended to the report, 
was presented by the author. 


Committee B-4 on _ Electrical-Heating, 
Electrical-Resistance and Electric-Furn- 
ace Alloys: 


Report presented by Dean Harvey, 
chairman, and the following actions 
taken: 

Accepted as Tentative: 
Spec. for Round Nickel Wire for Lamps and 

Electronic Devices 
Revision of Test for Nickel and Nickel-Alloy 

Wire and Ribbon for Electronic Tube Fila- 

ments (B 118 - 39 T) 

Revision of Test for Lateral Wire for Grids of 

Electronic Devices (B 156-41 T) 

Adopted as Standard: 
Test for Sleeves and Tubing for Radio Tube 

Cathodes (B 128 —- 40 T) 

Reaffirmation of Standards: 


’ Test for Resistivity of Metallic Materials (B 


63 — 36) 

Test for Thermoelectric Power of Electrical 
Resistance Alloys (B 77 — 33) 

Test for Temperature-Resistance Constants 
of Alloy Wires for Precision Resistors (B 84 
— 36) 


Committee B-3 on Corrosion of Non-Fer- 
rous Metals and Alloys: 


Report presented by Sam Tour, 
chairman. 

18 Results of the letter ballot on this recommendation 
indicating its een appear in the report of Committee 
B-6, see p. 216. 
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Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought: 


Report presented, in the absence of 
the chairman, by J. J. Kanter second 
vice-chairman, and the following actions 
taken: 


Accepted as Tentative: 
Revisions of Spec. for Naval Brass Rods (B 21 - 
40 


Revisions of Spec. for Copper-Base Alloys in 
Ingot Form for Sand Castings (B 30-41 T) 

Revisions of Spec. for Seamless Copper Tubing, 
Bright Annealed (B 68 — 41 T) 

Revisions of Spec. for Copper-Base Alloy Forg- 
ing Rods, Bars, and Shapes (B 124-41 T), 
with the following further changes in the 
proposed requirements for alloy No. 2, ac- 
cepted by unanimous consent, subject to 
favorable letter ballot, of Committee B-5:* 

Table I—Change the chemical composition 
limits of alloy No. 2 by deleting the present 
specific maximum requirements for nickel 
and tin, increasing the requirement for iron 
to 0.30 per cent, max., and reducing the 
requirement for the total of the named 
elements from “99.90” per cent to read 
“99.50” min., per cent 

Revisions of Spec. for Copper Rods, Bars, and 
Shapes (B 133 - 40 T) 

Revisions of Spec. for Brass Wire (B 134 — 41 T) 

Revisions of Spec. for Miscellaneous Brass 
Tubes (B 135-40 T) 

Revisions of Spec. for Phosphor Bronze Bars, 
Rods, and Shapes (B 139 - 41 T) 

Revisions of Spec. for Tin-Bronze and Leaded 
Tin-Bronze Sand Castings (B 143 —- 41 T) 

Revisions of Spec. for High-Leaded Tin-Bronze 
Sand Castings (B 144-41 T) 

Revisions of Spec. for Leaded Red Brass and 
Leaded Semi Red Brass Sand Castings (B 
145 - 41 T) 

Revisions of Spec. for Leaded Yellow Brass 
Sand Castings for General Purposes (B 146 - 
41 T) 

Revisions of Spec. for High-Strength Yellow 
Brass and High-Strength Leaded Yellow 
Brass Sand Castings (B 147 —- 41 T) 

Revisions of Spec. for Aluminum-Bronze Sand 
Castings (B 148 —- 41 T) 

Revisions of Spec. for Leaded Nickel-Brass 
(Leaded Nickel-Silver) and Leaded Nickel- 
Bronze (Leaded Nickel-Silver) Sand Castings 
(B 149 - 41 T) 


6 Results of the letter ballot on this recommendation 
indicating its apptoval appear in the report of Com- 
mittee B-5, see p. 186 
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Revisions of Spec. for Copper-Nickel-Zinc 
Alloy Rods and Wire (B 151-41 T) 

Revisions of Spec. for Phosphor Bronze Wire 
(B 159 - 41 T) 

Revisions of Spec. for Cartridge Brass Sheet, 
Strip, and Disks (B 19-41 T), with the fol- 
lowing changes, not preprinted, accepted by 
unanimous consent, subject to favorable letter 
ballot of Committee B-5:* 

Section 14.—Change the second sentence 
to read as follows by the addition of the 
italicized word and the omission of the words 
in brackets: 


The tolerances for pest and strip [and disks] shall be 
those shown in Table V 


Section 16.—Change the table of diameter 
tolerances to agree with Army Specifications 
57-173-B. for, 


Adopted as Standard: bags 


Spec. for Copper-Silicon Alloy Plate and Sheet 
for Pressure Vessels (B 96-41 T) 

Spec. for Copper and Copper-Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 - 
40 T) 

Revisions of Spec. for Copper Bars for Locomo- 
tive Staybolts (B 12 - 33) 

Revisions of Spec. for Free-Cutting Brass Rod 
for Use in Screw Machines (B 16-41) with 
the following change, not preprinted, accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee B-5:%* 

Section 4.—In the table of chemical com- 
position requirements, change the fourth item 
to read as follows by the addition of the itali- 
cized word: 

Materials other than copper, lead, iron, and zinc, 

0.50 


Revisions of Spec. for Brass Pipe, Standard 
Sizes (B 43 - 41) 

Revisions of Spec. for Steam or Valve Bronze 
Castings (B 61 - 41), with the following fur- 
ther change, not preprinted, accepted by 
unanimous consent, subject to favorable 
letter ballot of Committee B-5:" 

Section 4.—Change the chemical composi- 
tion requirements to read as follows: 


Min. Max. 
5.50 6.50 
bu 1.00 2.00 
Phosphorus, per cent................. 0.05 
Total other constituents, per cent.. 0.35 


Revisions of Spec. for Copper-Siticcn Alloy 
Rods, Bars, and Shapes (B 98 — 41) 
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Revisions of Spec. for Copper-Silicon Alloy 
Wire for General Purposes (B 99 - 41) 

Revisions of Spec. for Phosphor Bronze Sheet 
and Strip (B 103 — 40) 


Withdrawal of Standard: 

Spec. for Muntz Metal Condenser Tube Plates 
(B 57-27), replaced by Tentative Specifica- 
tions for Copper-Alloy Condenser Tube Plates 
(B 171 - 42 T) 


Committee B-1 on Copper and Copper- 
Alloy Wires for Electrical Conductors: 


Report, not preprinted, presented from 


manuscript by J. H. Foote, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Rope-Lay-Stranded Copper Conduc- 
tors Having Concentric-Stranded Members 
for Electrical Conductors 

Spec. for Rope-Lay-Stranded Copper Con- 
ductors Having Bunch-Stranded Members 
for Electrical Conductors 

Spec. for Bunch-Stranded Copper Conductors 
for Electrical Conductors 


Adopted as Standard: 


Spec. for Soft Rectangular and Square Copper 
Wire for Electrical Conductors (B 48 - 40 T), 
as revised 

Withdrawal of Tentative Standard: 


Spec. for Rope-Lay-Stranded and Bunch- 
Stranded Copper Cables for Electrical Con- 


on ductors (B 158 —- 41 T), replaced by the three 
at new tentative specifications listed above. 


Committee B-2 on Non-Ferrous Metals 
and Alloys: 


Report presented, in the absence of 
the chairman, by Sam Tour, and the 


: 
following actions taken: 


Spec. for Phosphor Tin (B 51 — 38 T) 

Revisions of Spec. for Lake Copper Wire, Bars, 
Cakes, Slabs, Billets, Ingots, and Ingot Bars 
(B 4-27) 


Lundell 


Paper: 


* 
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Revisions of Spec. for Electrolytic Copper Bil- 
lets, Ingots, and Ingot Bars (B 5 - 27) 


Committee E-2 


Analysis: 


A progress report was presented from 
manuscript, in the absence of the chair- 
man, by B. F. Scribner, secretary. 


on Spectrographic 


Committee E-3 on Chemical Analysis of 
Metals: 


Report presented by G. E. F. Lundell, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Chemical Analysis of Magnesium and Magne- 
sium Alloys 

Chemical Analysis of Aluminum and Aluminum 
Alloys, to replace Tentative Methods B 40 - 
36 T 

Chemical Analysis of Brasses, to replace Tenta- 
tive Methods B 45 - 36 T 

Chemical Analysis of Pig Lead, to replace 
Tentative Methods B 35 - 36 T 

Chemical Analysis of Metallic Materials for 
Electrical Heating, to replace Tentative 
Methods B 71-34 T 

Chemical Analysis of Nickel, to replace Tenta- 
tive Methods B 41 —- 36 T 

Chemical Analysis of Slab Zinc (Spelter), to re- 
place Tentative Methods B 38 —- 36 T 


Adopted as Standard: 


Methods of Chemical Analysis for Aluminum, 
Columbium, and Lead in Steel (E 30-41 T), 
to be incorporated in Standard E 30 -— 39. 

Methods of Chemical Analysis of Ferro-Alloys 
(E 31 - 38 T) 

Methods of Sampling Ferro-Alloys (E 32 — 39 T) 


The following paper was presented: 


The Creep Characteristics of Some Copper Al- 
loys at Elevated Temperatures—H. L. Burg- 
hoff, A. I. Blank, and S. E. Maddigan, 
presented by Mr. Burghoff. 


Committee A-7 on Malleable Iron Cast- 
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Progress report presented from manu- 


script by F. L. Wolf, chairman. tg ite 
Committee A-3 on Cast Iron: 
Report presented by J. W. Bolton, 


chairman, and the following actions 


taken: 


Accepted as Tentative: 


Compression Testing of Cast Iron 
Revision of Def. of Terms Relating to eS 
(A 196 — 36 T) 


Adopted as Standard: 


Spec. for Cast Iron Soil Pipe and Fittings (A 74 
39 T) 

Revision of Spec. for Gray-Iron Castings for 
Valves, Flanges, and Pipe Fittings (A 126- 
40) 

Withdrawal of Standard and Tentative Standard: 

Spec. for Cast-Iron Locomotive Cylinders (A 
45 — 14) 

Spec. for Chilled-Tread Cast-Iron Wheels (A 
46 - 30 T) 

It was announced that the committee 
would present to the Society through 
Committee E-10 on Standards, subse- 
quent to the annual meeting, a proposed 
Tentative Recommended Practice for 


Torsion Testing of Cast Iron.” 
Committee A-2 on Wrought Iron: 


Report presented, in the absence of 


FIFTEENTH SESSION—CEMENTITIOUS MATERIALS 


Session Chairman: Frank E. Richart. 


Committee C-1 on Cement: 


Report presented by P. H. Bates, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Treated Portland Cement for Con- 
crete Highway Pavements, this recommenda- 
tion, not preprinted, was accepted by unani- 
mous consent, subject to favorable letter 
ballot of Committee C-1!8 


1 See report of Committee A-3, Editorial Note, p. 110. 
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the chairman, by the chair, and the © 


following actions taken: 
Adopted as Standard: 


Spec. for Single and Double Refined Wrought- 
Iron Bars (A 189 — 39 T) 


Reaffirmation of Standards: 


Spec. for Common Iron Bars (A 85 — 36) 

Spec. for Refined Iron Bars (A 41 — 36) 

Spec. for Riveted Steel and Wrought-Iron Pipe 
(A 138 — 34) 

Def. of Terms Relating to Wrought Iron (A 81 - 
33) 


Sectional Commitiee A21 on Sphecifica- 
tions for Cast-Iron Pipe and Fittings: 


Informal progress report presented, in 
the absence of the chairman, by the chair. 


Papers: 
The following papers were presented: 


Some Creep Studies on Cupola Malleable Cast 
Iron—J. J. Kanter and Glen Guarnieri, 
presented by Mr. Guarnieri. 

Compression Testing of Cast Iron—W. Leighton 
Collins, presented by the author. 

A Study of the Chemical, Physical and Me- 
chanical Properties of Permanent Mold Gray 
Iron—Richard Schneidewind and Edward C. 
Hoenicke, presented by Mr. Schneidewind. 

The Notch Sensitivity of Alloyed Cast Irons 
Subjected to Repeated and Static Loads— 
W. Leighton Collins and James (O. Smith, 
presented by Mr. Collins. 


wer 


«Revisions of Chemical Analysis of Portland 

Cement (C 114-40T): 

New alternate method for the rapid deter- 
mination of sodium oxide and potassium 
oxide in cement 

New method of determining sulfide sulfur in 
cement 

New method for determination of sulfur 
trioxide in portland cement by means of 
the turbidimeter, this recommendation, 
not preprinted, was accepted by unanimous 
consent, subject to favorable letter ballot 
of Committee C-1'* 


18 Results of the letter ballot on this recommendation 


indicating its approval appear in in the report of Committee ; 


C-1, see p. 231. 
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Adopted as Standard: 


Test for Fineness of Portland Cement by Means 
of the Turbidimeter (C 115 — 41 T) 

Revisions of Spec. for Portland Cement (C 150 - 
41), comprising the following changes, not 
preprinted, accepted by unanimous consent, 
subject to favorable letter ballot of Commit- 
tee C-1:% 

Section 3.—Change the definition of port- 
land cement to read as follows by the addition 
of the italicized words and the omission of 
those in brackets: 


_ Portland cement is the product obtained by pulveriz- 
ing clinker consisting essentially of ecvealie calcium 
silicates, to which no additions have been made subse- 
quent to calcination other than water and/or untreated 
calcium sulfate, except that additions not to exceed 1.0 
per cent of other materials may be interground with the 
clinker at the option of the manufacturer [added] pro- 
vided that such [other] materials in the amounts indi- 
cated have been shown to be not harmful [may be added 
age ay that they have been shown to be acceptable, 
n the amounts indicated,] by tests carried out or re- 
viewed by Committee C-1. 


In the note and footnote accompanying the 
definition, substitute the phrase “not harm- 
ful” for the word “accepted” wherever it 


appears. 
Table II.—Change the third sentence in 


footnote c from its present form: namely, 


Tests at 28 days on types I and II cement may be 
waived at the option of the purchaser. 


to read: 


Unless otherwise specified, the compressive and ten- 
sile strength tests on types I and II cement will be made 
only at 3 and 7 days. 


Revisions of Methods of Chemical Analysis of 
Portland Cement (C 114-40), with the fol- 
lowing changes, not preprinted, accepted by 
unanimous consent, subject to favorable letter 
ballot of Committee C-1:% 

Section 3.—Change the requirements for 
balances to read as follows: 


3. (a@) Balances.—The analytical balances used in the 
chemical] determinations 
requirements: 
Capacity not less than g. in eac’ 
- The two arms of the beam equal within (1) two parts 
r in 100,000 for balances in use, and (2) one part in 100,000 
for new balances (Note 1), 
Capable of reproducing results within 0.0002 g, 
ibility reciprocal* not more than 0.0005 g. per 
: vision of the graduated scale for any load up to 100 g. 
(Note 2). In case of direct-reading balances this re- 
quirement does not apply, and 
Any rapid weighing device that may be provided, such 
as a chain, damped motion, or heavy riders, shall not 


* The sensibility reciprocal is a measure of the sen- 
sitiveness of a is the weight required to move 
the position of ilibrium of the pointer one division. 
For a complete definition of sensibility reciprocal, see 
National Bureau of Standards Handbook H22, “‘Speci- 
fications, Tolerances, and Regulations for Commercial 
Weights and Measures and Weighing and Measuring 
Devices,”’ pp. 68-69. 


SUMMARY OF PROCEEDINGS 


conform to the following 


introduce errors greater than 0.0001 g. at any reading 
and with any allowable load on the scale pans. 

Nore 1.—The lengths and ratios of the arms may 
change with use, and with age even if not used. 

Norte 2.—If an auxiliary metal or glass pan is used, 
its weight is a part of the load. 

(b) Weights.—The weights used in the chemical de- 
terminations shall conform to the requirements of the 
National Bureau of Standards specifications for 
““S” weights as contained in Bureau of Standards Cir- 
cular No. 3, “Design and Test of Standards of Mass.” 
The weights (including the riders) shall be checked 
when questioned or at least once a year with weights 
that have been certified by the National Bureau of 
Standards within 5 yr. They shall be adjusted within 
the tolerances given in the above-mentioned specifica- 
tions for class “S” weights, according to their apparent 
mass as determined by comparison with brass standards 
in air. 

Section 5.—Change the first sentence from 
its present form to read as follows: 


Blank determinations shall be made on approximately 
the same amount of reagents and using the procedures 
agg in Sections 6, 7, 11, 13, 15, 17, 18, 21, 22, 24, 28, 

, and 31. 


Section 31.—Change the test procedure? for 
insoluble residue to read as follows: 


31. Tol gi; of the sample, add 10 ml. of cold water and 
5 ml. of HCl (sp. gr. 1.19). Warm the solution gently 
and | ay the material with the flattened end of a glass 
rod for a few minutes until it is evident that decomposi- 
tion of the cement is complete (Note). Dilute the solu- 
tion to 50 ml. and digest for 15 min. at a temperature 
just short of ing. Filter the residue, wash six times 
with hot water, and digest the filter paper and contents 
in 100 ml. of NaOH solution (1 per cent), the solution 
being held at a Vm gue poy just short of boiling for 15 
min. Using methyl red as indicator, acidify the solu- 
tion with HCl and add an excess equivalent to 4 or 5 
drops of HCl (sp. gr. 1.19). Filter and wash the residue 
12 to 15 times with hot NHC! solution (2 per cent). 
Ignite the residue in a tared crucible at 900 to 1000 C., 
cool it in a desiccator and report the gain in weight as 
insoluble residue. 

Nore.—If a sample of portland cement contains an 
appreciable amount of manganic oxide, there may be 
brown compounds of manganese which dissolve slowly 
in cold diluted HC] but rapidly in hot HC] in the speci- 

ed strength. In all cases dilute the solution as soon 
as decomposition is complete. 


> This revised method was proposed by California 
Portland Cement Co., where it had been specially de- 
veloped for use with blended cements. This method or 
any other method designed for the estimation of acid- 
insoluble substance in any type of cement is empirical, 
because the amount obtained depends on the reagents 
and the time and temperature of digestion. If the 
amount is large, there may be a little variation in dupli- 
cate determinations. The directions should be fol- 
lowed a in order to reduce the variation to a 
minimum. When the method is used on blended ce- 
ment, the decomposition in acid is considered to be 
complete when the portland cement clinker is decom- 
posed completely. A NHC] solution is used in the fina 
washing to prevent finely ground insoluble material 
from passing through the filter paper. 


Committee C-12 on Mortars for Unit 
Masonry: 


Report presented by J. W. McBurney, 
chairman, and the following action 
taken: 


Accepted as Tentative: 


Revision of Specs. for Aggregate for Masonry 


sent 
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FORTY-FIFTH ANNUAL MEETING 


It was announced that the proposed 
Tentative Specifications for Mortar for 
Concrete Unit Masonry which appeared 
in the report as preprinted failed to re- 
ceive the necessary two-thirds vote in 
the committee, and these specifications 
were accordingly not presented to the 
Society. 
Committee C-7 on Lime: 

Report presented by N. C. Rockwood, 
chairman, and the following actions 


Adopled os Standard: 


Spec. for Hydraulic Hydrated Lime for Struc- 
tural Purposes (C 141 — 38 T) 


Adopted as Standard: 


Revision of Spec. for Quicklime and Hydrated 
Lime for Silica Brick Manufacture (C 49 — 24) 


Committee C-11 on Gypsum: 


Report presented, in the absence of 
the chairman, by B. E. Kester, and the 
following actionstaken: = 


Accepted as Tentative: 

Revisions of Spec. for Calcined Samii a for 
Dental Plasters (C 72 — 40) 

Revisions of Tests for Gypsum and Gypsum 
Products (C 26-40) 


Adopted as Standard: 


Revisions of Spec. for Gypsum Lath (C 37 - 30) 

Revisions of Spec. for Gypsum Wall Board 
(C 36 - 34) 

Revisions of Spec. for Gypsum Sheathing Board 
(C 79 — 34) 


Revisions of Tests for Gypsum and Gypsum 
Products (C 26 — 40) 

Withdrawal of Tentative Revision of Standard: 

Spec. for Gypsum (C 22 - 41) 


The recommendation for adoption as 
standard of the revised definition for 
“perforated gypsum lath” was discussed 
on behalf of Committee E-8 on Nomen- 
clature and Definitions. In considera- 
tion of this definition in Committee E-8 
the question was raised whether it is a 
definition or specification. Attention 
was called to the fact that the first sen- 
tence would appear to define the mate- 
rial, but that the remainder is in the 
nature of a specification. Committee 
E-8 requested that this recommendation 
be deferred for a year in order that the 
proposed revised definition might be dis- 
cussed with Committee C-11. The 
recommendation for adoption failed of 
approval, and was referred back to the 
committee. 


Papers: 


The following papers were presented: 


Long-Time Volume Changes of Portland Cement 
Bars—Alfred H. White and Harold S. Kemp, 
presented by Mr. White. 

Theory and Measurement of Plasticity and 
Workability of Mortars—Paul S. Roller, 
presented by the author. 

Curing of Masonry Mortars—Howard R. Staley, 
presented by the author. 

The Effect of Brick Absorption Characteristics 
upon Mortar Properties—F. O. Anderegg 
presented by the author. 


SIXTEENTH SESSION—BUILDING MATERIALS, CONCRETE AND CONCRETE AGGREGATES 


FRIDAY, JUNE 26, 9.30 A.M. 


Session Co-Chairmen: Stanton Walker; 
T. A. Fitch 


Committee C-18 on Natural Building 
Stones: 


Report, in absence of chairman, pre- 
sented by title. 


Committee C-15 on 
Masonry Units: 
Report presented by D. E. Parsons, 


Manufactured 


chairman, and the following actions 
taken: 


Accepted as Tentative: 


Revision of Methods of Sampling and Testing 
Spec. for Sewer Brick - (Made from Clay or 
Shale) (C 32 - 39 T) 


Spec. for Paving Brick (C 7 - 40 T) 
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The paper by John W. McBurney on 
“Relations Between Results of Labora- 
tory Freezing and Thawing and Several 
Physical Properties of Certain Soft-Mud 
Bricks,” to be appended to the report, 
was presented by the author, => 


Committee C-8 on Refractories: 


Report presented, in the absence of 
the chairman, by G. Bickley Remmey, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Fireclay Plastic Refractories for Boiler 
Furnaces and Incinerator Service 


Adopted as Standard: 


Def. of Terms Relating to Refractories (Abra- 
sion, Burning, Corrosion, Erosion, and Slag- 
ging) (C 71-40 T) 

Revision of Testing Insulating Fire Brick (Com- 
pressive Strength, Flexural Strength, and 
Permanent Linear Change After Heating) 
(C 93 - 41) 

Revisions of Test for Pyrometric Cone Equiv- 
alent of Refractory Materials (C 24-35) 
Revisions of Panel Test for Resistance to Ther- 
mal and Structural Spalling of Refractory 

Brick (C 38 — 36) 

Revisions of Panel Test for Resistance to Ther- 
mal and Structural Spalling of High Heat 
Duty Fireclay Brick (C 107 - 40) 

Revisions of Panel Test for Resistance to Ther- 
mal and Structural Spalling of Super Duty 
Fireclay Brick (C 122 — 40) 


Committee C-16 on Thermal Insulating 


Materials: 
presented, in the absence of 


the chairman, by E. T. Cope, secretary, 
and the following action taken: 


Accepted as Tentative: 


Test for Thermal Conductivity of Materials by 
Means of the Guarded Hot Plate 


The paper by F. C. Houghten on 
“Conductivity Determination by the 
Guarded Hot-Plate Method,” appended 
to the report, was presented by the 
author. 


SUMMARY OF PROCEEDINGS 


, see p. 246. 


Tiwary 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by F. H. Jackson, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Waterproof Paper ‘ie Curing Concrete 

Sampling Fresh Concrete 

Measuring Length of Drilled Concrete Cores 

Test for Air Content of Freshly Mixed Concrete 

Revisions of Def. of Terms Relating to Concrete 
and Concrete Aggregates (C 125-36 T) 

Revisions of Spec. for Ready Mixed Concrete 
(C 94-41 T), with revisions in the report as 
preprinted, except that the revised specifica- 
tions were accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee for publication as tentative 
rather than for adoption as standard as recom- 
mended in the report as preprinted. 


Adopted as Standard: 


Revisions of Spec. for Concrete Aggregates 
(C 33-40), with the immediate adoption 
of a revision in Section 3 (a), also adoption 
of the tentative revision published since 
1941 rather than publication as tentative, 
modified in accordance with the report as 
preprinted. This recommendation was ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee C-9." 

Revisions of Method of Making and Storing 
Compression Test Specimens of Concrete 
in the Field (C 31 — 39), with the tentative 
revision published since August, 1941, 
recommended for adoption as standard, and 
with the following further revision in place 
of the editorial change given in the report 
as preprinted, this recommendation was 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee C-9: 

Section 5.—Change from its present form, 
to read as follows: 

5. Samples of concrete for test specimens shall be 
taken in accordance with the Tentative Method of 
Sampling Fresh Concrete (A.S.T.M. Designation: 
C 172) of the American Society for Testing Mate- 


rials. The location in the work of the batch of concrete 
thus sampled shall be noted for further reference. 


Revisions of Test for Cement Content of 
Hardened Portland-Cement Concrete 
(C 85 - 36) 

Revisions of Test for Unit Weight of Aggregate 
(C 29 - 39) 


Results of the letter ballot on this recommendation 
indicating its approval appear in the report of Committee 
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Revisions of Test for Compressive Strength of 
Concrete (C 39-39), with the tentative re- 
vision published since June, 1940, and also 
the tentative revision submitted in August, 
1941, accepted by unanimous consent for 
adoption as standard, subject to favorable 
letter ballot of Committee C-9." 

Revisions of Spec. for Lightweight Aggregates 
for Concrete (C 130 — 39) 

Revisions of Method of Securing Specimens of 
Hardened Concrete from the Structure (C 
42 — 39) 

Revisions of Test for Structural Strength of 
Fine Aggregate Using Constant Water- 
Cement-Ratio Mortar (C 87 — 39) 

Revisions of Test for Compressive Strength of 
Concrete Using Portions of Beams Broken 
in Flexure (C 116-39) 

Revisions of Test for Specific Gravity and Ab- 
sorption of Coarse Aggregate (C 127 — 39) 
Revisions of Test for Specific Gravity and Ab- 

sorption of Fine Aggregate (C 128-39) 


This recommendation, not preprinted, 
for the adoption of pending tentative 
revisions in the above six standards, was 
accepted by unanimous consent, subject 
to favorable letter ballot of ‘Committee 
C-9.19 

Withdrawal of Standards! 
Test for Voids in Inundated Fine Rita 

(C 69 — 30) 

Spec. for Ready Mixed Concrete (C 94-38), 
this recommendation, not preprinted, ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee C-9.!% 

Editorial Changes Accepted: 

Test for Compressive Strength of Concrete 
(C 39 — 39) 

Sanford E. Thompson Award: 


Mr. Jackson introduced Mr. Sanford 
E. Thompson who presented the Sanford 
E. Thompson Award. The award was 
established by Committee C-9 in honor 


FORTY-FIFTH ANNUAL MEETING 


of the first chairman of the committee, 
and for the purpose of stimulating 
research and encouraging investigations 
that extend the knowledge of concrete 
and concrete aggregates. 

Mr. Thompson then announced that 
the Sanford E. Thompson Award had 
been made to Mr. John Tucker, Jr. 
Chief, Concreting Materials Section, 
National Bureau of Standards, for his 
paper on “Statistical Theory of the 
Effect of Dimensions and of Method 
of Loading upon the Modulus of Rupture 
of Beams,” presented at the 1940 annual 
meeting. In the absence of the re- 
cipient, D. E. Parsons accepted from 
Mr. Thompson the certificate of the San- 
ford E. Thompson Award, expressing 


appreciation on behalf of Mr. Tucker 


Papers: 
The following papers were presented: 


he Influence of the Durability of Aggregate ac) 


4 upon the Durability of the Resulting Con- — 

P crete—H. H. Munger, abstract presented by 
the chair. 

Effect of Height of Test Specimens on Compres- 
sive Strength of Concrete*—James W. John- 
son, presented by the author. 

Factors Influencing the Reflectivity of White 
Portland Cement Concretes—C. W. Muhlen- 
bruch and E. H. Miller, 
manuscript by Mr. Muhlenbruch. 


Powdered Aluminum as an Admixture to Con- jue fe 
presented from 


crete—Roy W. Carlson, 
manuscript by the author. 


There being no further business the bg ie 


chairman then declared the Forty “fifth 
Annual Meeting adjourned sine die. 


Published in the ASTM No. 120 Janu- 
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ell REQUIREMENTS AND CHEMICAL ANALYSIS 


ANNUAL ADDRESS BY THE PRESIDENT age & 


G. E. F. Lunpetu! 


A few remarks may be in order before I present my prepared address: 
This has been a year of opportunity and responsibility for our Society. We 
have not been unprepared, for our efforts in connection with the national pre- 
paredness program have stood us in good stead in the far more serious business 
of the war that has come upon us. For months prior to “December 7” our 
committees, in close cooperation with the military branches, had been in- 
tensifying their specifications work to cover the rapidly changing situation in 
the materials field. Our Society had stream-lined the procedures under which 
its standards are set up. As a result, some 56 Emergency Standards and 
Emergency Alternate Provisions in Standards have already been drawn up in 
the interest of conserving scarce materials and to expedite the production of 
materials. 

We have had the opportunity to demonstrate the value of groups trained 
in research on materials, in the standardization of methods of testing, and in 
formulating standard specifications. We are proud of the roster of the mem- 
bers of our Society who are officially connected with the country’s war effort. 
I wish to express the Society’s thanks to its members for their loyal and un- 
selfish cooperation and splendid effort in a year fraught with grave problems. 
When victory is won and we have had time to take stock, I have no doubt 


whatever that the Society will be proud of its war record. = whee ae 


Presidential addresses in the past have 
dealt with many phases of our Society’s 
activities, but none, so far as I have been 
able to determine, has dealt with chemi- 
cal analysis. This will be my excuse for 
here recording sundry observations based 
on a quarter of a century’s contact with 
chemical requirements and with chemical 
analysis in the A.S.T.M. What I have 
to say is not by way of criticism of our 
chemical requirements or of apology for 
our analysts, but rather with the desire 
that the problems encountered by the 
analyst may be better appreciated, and 
that these may be kept in mind when 
chemical requirements are set up, or the 
analyst’s work is appraised. 


1 Chief, Chemistry Division, National Bureau of Stand- 
ards, Washington, D. C 


Analyses to check chemical require- 
ments are a most important phase of the 
testing of materials covered by the speci- 
fications of our Society. One would 
expect, therefore, that most of our mem- 
bers would be entirely familiar with 
chemical analysis and its problems. 
Quite the reverse is true, for many have 
but a hazy notion as to what it is all 
about. The reasons for this are not 
difficult to establish, even though one 
must start from the beginning. 

In the earliest days, analyses were 
made by those who had need of them, 
and the roster of analysts included the 
names of some of our most illustrious 
chemists. In those days each user of the 
analysis was a proper judge of the accu- 
racy that was possible or needed, of the 
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labor required, of the time that must be 
spent on the analysis, and of all of the 
other considerations that might be in- 
volved. Analyses were made leisurely, 
their costs were not questioned, and 
complete analyses were the rule, not the 
exception. 

The old order of analysis has to all 
intents and purposes died out. Today, 
very few analyses are made by those 
who need them, and many who need 
analyses have but little knowledge of the 
difficulties that may be involved, the 
labor that must be expended, or the 
results that can rightfully be expected. 

In the industrial field, a contributing 
factor to the present-day misconception 
of chemical analysis can be traced to the 
courses in so-called chemical analysis 
which must be taken by engineering 
students in many of our colleges and 
universities. Many of these students 
later employ analysts. The courses 
necessarily deal with chemical deter- 
minations that are so simple that they 
do not deserve the label “chemical 
analysis” at all, and leave the student 
with an entirely erroneous conception of 
what chemical analysis, particularly 
applied chemical analysis, is like. 

The steel-works’ analyst doesn’t find 
his sulfur in the form of a pure water- 
soluble sulfate. He finds it combined 
with iron as the sulfide and associated 
with a number of elements, and he must 
not only convert the sulfide to soluble 
sulfate, but also provide for the com- 
pounds that interfere, before the aca- 
demic procedure can be applied? In 
other words he now deals with chemical 
analysis as well as with a determination. 
The operations of chemical analysis may 
be divided into those that make the 
determination possible, and those that 
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attend the determination itself. What 
is not generally understood is that in 
applied analysis the former are often by 
far the most important. The relation 
of the analysis to the determination 
might be compared with that between 
the art of fishing and the measurement 
of the fish. The catching of the fish may 
be quite difficult and require considerable 
planning and patience. On the other 
hand, almost anyone can measure or 
weigh the fish after it has been caught. 

In the schools, a contributing factor in 
the divorce of chemical determinations 
from chemical analysis was a swing from 
the applied toward the theoretical as- 
pects of analytical chemistry which took 
place toward the close of the last century. 
In this, the cart was put before the horse, 
the determination was elected to pull 
the analysis instead of the analysis to 
pull the determination. This left such 
illustrious analysts as Hillebrand in the 
category of “cook-book” chemists, and 
attempted to substitute a strange hybrid 
disporting in a field of his own making, 
a field that was chiefly physical chemis- 
try, and that ignored inorganic chem- 
istry, which is the proving ground of 
analytical chemistry. The chemist who 
was working in the field of applied 
analysis was told that he was using 
primitive methods and _ uncalibrated 
tools, and was given a map of a promised 
land which was free from the weeds of 
ignorance, and ripe for tilling. Some 
have never come back to the old home- 
stead, some have returned with a sigh 
of relief, and all agree that it was an 
“experience.” 

No one will deny that it is important 
to know the best way to proceed when 
one reaches the determination point, 
but it must not be forgotten that in ap- 
plied analysis there are often many de- 
tours, and that it may be very difficult 
to reach that point. 
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Twenty-five years ago in a lecture on 
“Our Analytical Chemistry and Its 
Future,” Hillebrand* referred to a talk 
along similar lines given some 12 years* 
earlier in which he had expressed his 
conviction that our educational institu- 
tions must bear a large share of the 
blame for the unsatisfactory condition 
in which the art of analysis had fallen. 
In his lecture he then asked ‘‘Have they 
improved?” and answered “‘Candor com- 
pels me to say that evidences of improve- 
ment are few.” There is still room for 
improvement. It would be helpful to 
the understanding of analytical chem- 
istry if the term “chemical analysis” 
were reserved for true analysis, and if 
most of our courses in so-called analyti- 
cal chemistry were labeled elementary 
or advanced chemical determinations. 


STANDARD METHODS OF ANALYSIS 


The greatest handicap under which 
the analyst works is that. the chemical 
methods which he uses are neither truly 
specific nor applicable in all environ- 
ments. He has made but little progress, 
and perhaps never will, in reaching the 
Shangri La of his analytical dreams, a 
land in which he has a shelf of 92 specific 
reagents, one for each of the elements. 
As a consequence, a thoroughly explored 
and most accurate method for the deter- 
mination of a component in a given 
material may yield grossly inaccurate 
results if it is used for the determination 
of the same component under slightly 
changed conditions. For example, pres- 
ent-day electrolytic methods for the 
determination of copper in brasses or 
steels cannot be used if these alloys 
contain silver, intentionally added or 
introduced through scrap. To meet 
such a development, a new method must 
be drawn up immediately, in which 

3 Chandler Foundation Lecture delivered at Columbia 
University, November 27, 1916; Journal of Industrial and 


Engineering Chemistry, Vol. 9, p. 170 (1917). 
+ Journal, Am. Chemical Soc., Vol. 27, p. 300 (1905). 


G. E. F. Lunpern 


provision is made for the removal of the 
silver before the electrolysis is started, 
or for its presence in the deposit that is 
obtained. The latter of course would 
necessitate a supplementary determina- 
tion of silver, either in the deposit or in 
the material itself. Similar considera- 
tions hold whenever the analyst enters 
any new field with an established method 
or plans to apply a new method under 
conditions that are different from those 
under which it has been tested. 

In the early days each analyst selected 
his own methods or devised them. Usu- 
ally there was no opportunity to make 
proper tests of the accuracy of the 
methods as applied to the materials in 
hand, with the result that quite often 
shaky or inappropriate methods were 
used, results were misleading, and mis- 
understandings and disputes were com- 
mon. With the advent of specifications 
and chemical requirements two impor- 
tant developments were inévitable: the 
formulation of standard methods, and 
the preparation and distribution of 
standard analyzed samples. 

Standard methods of analysis, except 
those of the pharmacy, had their be- 
ginnings with chemists interested in the 
fertilizer industry in this country in the 
early eighties. In the late eighties and 
early nineties, the state of iron and steel 
analysis, here and abroad, called for 
similar action, and an American sub- 
committee, under the lead of one of the 
incorporators of our Society, Dr. Dudley, 
made an elaborate study of methods of 
steel analysis. These subsequently en- 
tered in large measure into the early 
standards adopted by the A.S.T.M. It 
seems strange at this date that a con- 
siderable part of this work had to do 
with a study of the now discarded 
method for the determination of carbon 
in irons or steels by attack with neutral 
or acid solutions of the double chloride 
of copper and ammonium or of copper 


! and 
the 
its 
acids 
Sit 
has | 
in f 
need 
for t 
for | 
the 
satis 
or Sf 
Tl 
may 
metl 
whic 
mitt 
Met: 
stan 
of a 
yelle 
men 
meet 
ough 
g 
meet 
agre 
g 
pone 
com} 
ce of Ss 
testi 
ples 
ka 
shov 
In 
citec 
expe 
the ; 
> Cxpe 
fessi 
and 
effor 
ne gain 
sions 
anal 
the 
anal 
com 
— 


and potassium, followed by ignition of 
the carbonaceous residue in oxygen, or 
its oxidation in chromic and sulfuric 
acids. 

Since that time a great deal of effort 
has been spent in our country not only 
in formulating standard methods as 
needed, but also in revising existing ones, 
for these are ever changing to make way 
for better methods, to meet changes in 
the composition of the materials, or to 
satisfy demands for greater accuracy 
or speed. 

The amount of time and effort that 
may be spent in formulating standard 
methods can be illustrated by the work 
which has been done by A.S.T.M. Com- 
mittee E-3 on Chemical Analysis of 
Metals in developing the tentative 
standard methods of chemical analysis 
of admiralty metal and of free-cutting 
yellow brass which are being recom- 
mended for adoption at this annual 
meeting. These are the result of thor- 
ough discussions of possible methods in 
meetings and in correspondence, final 
agreement on methods for six com- 
ponents of the admiralty metal and five 
components of the brass, the preparation 
of suitable samples for test, and the 
testing of the methods against the sam- 
ples in hundreds of analyses by the 
committee members. The results are 
shown in Table I. 

In the lecture which I have already 
cited, Dr. Hillebrand stated that “My 
experience makes me feel strongly that 
the advances in chemical analysis to be 
expected through committees of pro- 
fessional societies are too often slight 
and are secured at a cost of time and 
effort quite incommensurate with the 
gains.” This was one of the rare occa- 
sions when the doctor was wrong in an 
analysis, for great contributions toward 
the betterment of methods of chemical 
analysis have been made by technical 

committees during the past 25 years. 


ANNUAL ADDRESS BY THE PRESIDENT 


TABLE I.—RESULTS OBTAINED IN TESTS OF 
PROPOSED TENTATIVE A.S.T.M. METHODS. 


cf 

Number 

of 

Results 

: Spread of Results, 2 

Constituent per cent as 

ApmiraALty METAL 

69.90 to 70.04 | 33 | 1 |69.99 | 0.02 
Zinc eee 28.62 to 29.05 20 | 7 |28.90 | 0.02 
Tin ...| 0.971 to 1.03 28 | 3 | 0.998) 0.010 
Antimony 0.040 to 0.056 24 | 1 | 0.050) 0.003 
Arsenic ...| 0.031 to 0.063 | 26) 2 | 0.057) 0.004 
Phosphorus....| 0.038 to 0.050 | 19 1 | 0.047) 0.001 

é Free-Cuttinc YELLOw Brass 

Copper........| 62.14 to 62.28 | 43 | 0 |62.21 | 0.03 
S18. to 34,98 20 | 7 |34.49 | 0.04 
Lead “7 2.92 to 3.06 | 40) 1 | 3.00 | 0.03 
Nickel. . 0.19 to 0.21 | 23 | O | 0.20 | 0.004 
Iron. i 0.099 to 0.115 | 23 | 1 | 0.105) 0.002 


* Excluding results rejected according to Chauvenet’s 
criterion. 


This is particularly true in the A.S.T.M. 
through Committee E-3 on Chemical 
Analysis of Metals, the Working Com- 
mittee on Methods of Chemical Analysis 
of Cement of Committee C-1 on Ce- 
ment, Section E on Analysis of Com- 
mittee C-8 on Refractories, Subcom- 
mittee II on Chemical Analysis of 
Committee C-14 on Glass and Glass 
Products, Committee E-2 on Spectro- 
graphic Analysis, and the numerous 
subcommittees on chemical analysis in 
the fields covered by the D committees. 

As a result of such efforts, there have 
been developed by interested groups a 
large number of standard methods of 
chemical analysis to cover their needs. 
Among these are methods, such as those 
of the United States Pharmacopoeia, 
of the Association of Official Agricultural 
Chemists, of the United States Treasury 
Dept., and of those contained in 
Federal Specifications for Portland Ce- 
ment, which are recognized by courts of 
law in the United States; methods not 
having legal recognition but approved 
by scientific or technical organizations 
such as the A.S.T.M. and the American 
Chemical Society; and last but not least 
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the thousands of methods that have been 
developed by industries and utilities to 
meet their daily analytical problems. 
Many of the company methods are 
drawn up with at least as much care as 
are the official methods, and most of 
them are periodically tested for per- 
formance against company standards 
and, if need be, for the conformance of 
results with those obtained by standard 
methods with which they may be com- 
pared. 

As for conditions in countries other 
than our own, a report of the Standard 
Methods of Analysis Subcommittee of 
the Committee on the Heterogeneity of 
Steel Ingots,® just released by the Iron 
and Steel Institute of Great Britain, 
carries complaints and suggested reme- 
dies that have a familiar ring: “Strong 
views were expressed regarding the accu- 
racy of existing methods of analysis, 
upon the results of which casts of steels 
were liable to rejection, and it was de- 
cided that a subcommittee of qualified 
metallurgical chemists should be asked 
to review existing methods and devise 
standard reliable processes.” 

A criticism common to most standard 
methods of analysis is that no tolerances 
are given to guide the judgment of the 
user of the method or of the recipient of 
the analysis. Both should know 
whether differences such as 0.1 per cent 
between the results for silica reported by 
two chemists working on the same 
sample of a silicate are normal or ab- 
normal. A start in giving such informa- 
tion is now going forward, as in the 
Tentative Methods of Chemical Analysis 
of Soda-Lime Glass (C 169-41 T)*® 
which indicate the probable accuracy of 
the results that are obtained, and in the 
Standard Methods of Chemical Analysis 
of Refractory Materials (C 18-41)’ 


5 A joint committee of the Iron and Steel Institute and 
the British Iron and Steel Federation, reporting to the 
Iron and Steel Industrial Research Council. 

1941 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 300. 

7 Ibid? p. 67. 


which indicate the permissible varia- 
tions between check determinations 
made as described in the methods. A 
discouraging feature in compiling such 
data is that after they have been gath- 
ered the findings are applicable in tests 
made on the specified material, and do 
not necessarily apply if the composition 
of the material.is changed by the intro- 
duction of new constituents or even by 
disturbing the relative amounts of the 
constituents. 
STANDARD SAMPLES 


Proposals concerning the preparation 
and distribution of standard samples for 
use in checking methods of chemical 
analysis also had their beginnings in the 
eighties. In a paper “On International 
Standards for the Analysis of Iron and 
Steel” presented in 1889 before the 
Engineer’s Society of Western Pennsyl- 
vania, John W. Langley observed “A 
practical remedy for most of these 
differences of analytical reports can be 
found in a system of international stand- 
ards of iron or steel, whose composition 
shall be most rigidly and authoritatively 
determined by committees of chemists 
and metallurgists, appointed in the most 
important iron-producing countries. 
These committees propose to analyze a 
set of samples which shall be prepared in 
one place and distributed to the several 
countries; after the committees have 
made their reports, the standards thus 
established will probably be deposited in 
some public place, and small portions of 
them can then be issued to properly- 
qualified applicants. A chemist obtain- 
ing a sample of the standards can then 
check his own work by them, and thus 
he can determine a factor by which in 
future his results must be multiplied to 
make them agree with the standards. 
It is confidently believed that the plan, 
if successfully carried out, will result in 
a very considerable degree of uniformity 
in the analysis of these important metals 
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in different countries and will greatly 
lessen those scientific and commercial 
disputes which now sometimes assume 
formidable proportions.” The elusive 
factors by which analysts’ results must 
be multiplied to make them agree with 
the standards were never determined, 
for after five samples were prepared and 
considerable work was done, the project 
fell through, and the samples were never 
distributed as planned. 

In the meantime, the American 
Foundrymen’s Assn. prepared and dis- 
tributed standardized pig-iron samples, 
comprising four sets and covering a 
considerable range of compositions. 
In 1905 these samples were turned over 
to the National Bureau of Standards. 
The announcement by Dr. Moldenke, 
then secretary of the American Foundry- 
men’s Assn., and for a number of years 
the chairman of our Committee A-3 
on Cast Iron is interesting: “We beg 
to announce the taking over by the 
Government of our Standardizing Bu- 
reau, and that hereafter the Standardized 
Drillings of Cast Iron prepared and sold 
by our Association are to be obtained 
from the Bureau of Standards of the 
Department of Commerce and Labor. 
The American Foundrymen’s Assn. has 
been highly honored by this recogni- 
tion of its work, and the undoubted 
broadening out of the preparation of 
standard drillings now to be expected 
will greatly enhance the value of stan- 
dards for check determinations in the 
iron and steel industry. 

“Tt is but fitting to recall that to our 
President, Mr. Thomas D. West, belongs 
the credit of first calling attention to the 
advantages such a series of cast iron 
borings, duly standardized by the ablest 
chemists of our country, would be to 
iron laboratories. To him for the suc- 
cessful building up of the enterprise, as 
well as to Professor Smith of the Case 
School of Applied Science, for the details 
of manipulation, chemists all over the 


world are grateful, for the standards of 
the Association are accepted everywhere 
as arbiters in case of dispute.” 

In the same year, committees of the 
American Chemical Society on Uniform- 
ity of Technical Analysis and.on Zinc Ore 
Analysis assigned to the Bureau their 
samples of argillaceous limestone and. 
zinc ore. From this start, the work has 
grown so that now it covers some 130 
samples. Most of these are certified as 
to their chemical composition or per- 
formance; the remainder are certified as 
to certain physical properties, or are 
distributed as standards of reference. 

Samples certified as to chemical com- 
position or performance include ores, 
refractories; ceramic materials, irons, 
plain carbon and alloy steels, steel-mak- 
ing alloys, non-ferrous metals such as 
brasses, bronzes, bearing metals, solders, 
zinc- and aluminum-base alloys, and pure 
chemicals. Samples certified for physi- 
cal properties include materials certified 
for their fineness, for their melting 
points, and for thermoelectric, colori- 
metric, and saccharimetric values. 
Standards of reference, which have been 
compared with master samples at the 
Bureau or measured for compliance with 
an arbitrary standard include such di- 
verse materials as radon and gamma-ray 
standards, glass standards for the cali- 
bration of spectrophotometers, Lovibond 
glasses for colors of oils, etc., glass 
opacity standards for the paper industry, 
standard oils for viscosity, standards of 
radiation and lamp standards of color 
temperature, and standard finish sam- 
ples for builders’ hardware, and colors 
for sanitary ware, kitchen and bathroom 
accessories. A start has also been 
made to cover special analytical fields 
such as pH, microanalytical and spectro- 
graphic. 

Theoretically, it would be desirable 
to prepare standard samples covering 
all of the materials that are analyzed 
by the chemist. In sucha case, it would 
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be necessary to prepare samples covering 
the different environments in which an 
element may be found, as well as the 
range of concentrations that may be 
encountered. Of the astronomical num- 
ber of standards that would be needed 
in such a program, only an infinitesimal 
number can be prepared. In choosing 
the materials that are now offered, the 
guiding considerations have been the 
importance of the material in applied 
chemical analysis, and its stability when 
prepared for use asa standard. To this 
might be added the willingness of in- 
dustry to aid in the work, for Govern- 
ment appropriations have never been 
generous. The growth of the standard 
sample work has therefore depended in 
no small degree on cooperation by in- 
dustry, both in donating material and 
in giving generous aid in the analyses 
incidental to the certification of the 
samples. 

It would be hard to overstate the very 
important part that the National Bu- 
reau of Standards Standard Analyzed 
Samples have played in the development 
of methods of chemical analysis and in 
improving their accuracy since the work 
was begun thirty-seven years ago. This 
has come about, first, through the very 
extensive cooperative work and corre- 
spondence incidental to the certification 
of the chemical compositions of the 
samples; second, through the use of the 
certified standards in checking methods 
of chemical analysis that are in daily 
use in science and industry; and, third, 
through the use of the samples in deter- 
mining the reliability and accuracy of 
new methods of analysis. 

Primary standard samples patterned 
along the lines of the N.B.S. standards 
have been prepared in other countries, 
notably in England and in the Soviet 
Union. 

In addition to these primary stand- 
ards, there must also be mentioned the 
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thousands of secondary standards which 
have been prepared and standardized, 
often against the Bureau’s samples, by 
analysts having need of large amounts 
of standardized material for constant 
checking of their work. To these sec- 
ondary standards must be added others 
of materials not yet supplied by the 
N.B.S., which have been prepared and 
standardized along Bureau lines by 
analysts having need of them. Quite 
often the Bureau cooperates in their 
analysis. 

If standard samples are available, 
there is a growing tendency to allow the 
analyst to use any method which yields 
acceptable results when applied to a 
standard sample of the material under 
test. The analyst is thereby given a 
double-barreled weapon which enables 
him to test the accuracy as well as the 
precision of his analytical aim. 


PRECISION AND ACCURACY 


We come now to considerations of the 
precision and the accuracy of the ana- 
lyst’s work. These terms are often used 
interchangeably and _ therefore incor- 
rectly, for precision is a measure of re- 
producibility, while accuracy is a meas- 
ure of correctness. The analyst is 
vitally interest in both, for his results 
must be sufficiently accurate for the 
purpose in mind, and he cannot achieve 
accuracy without precision, especially 
since his reported result is usually based 
on one determination and rarely on more 
than three determinations. The re- 
cipient of the analysis is interested in 
accuracy alone, and only in accuracy 
sufficient for his purposes. This may 
range all the way from 1 part in 10 as in 
the chemical requirements for phos- 
phorus or sulfur in some steels, to 1 part 
in 10,000 as in the chemical require- 
ments for some of our coppers. If low 
accuracy suffices, special efforts on the 
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ch part of the analyst to achieve high 
d, accuracy are wasted. 
by It is a simple matter to determine the 
its precision that can be expected if a 
nt method of chemical analysis is applied 
eC- to a given material by a single analyst or 
ers by a group of qualified analysts, for all 
he that is necessary is to gather the results, 
nd and treat them by suitable statistical 
by methods. If the results alone are con- 
ite sidered, all that can then be claimed for 
eir the mean and the indicated precision is 
that they represent what can be expected 
le, if the method is applied to the material 
the in question. If the method is a proper 
Ids one for the material the mean may well 
a be close to the true value, and the indi- 
Jer cated precision can be taken as a gage 
1a of the accuracy to be expected. If the 
les method is unsuited to the material, 
the identical results can only represent high 
precision, wasted effort, and misinforma- 
tion, unless the analyst has been able to 
determine Dr. Langley’s factor by which 
the results can be multiplied to insure 
the their accuracy. In other words, if we 
na- pass from precision to accuracy, we must 
sed consider the material and the method as 
‘or- well as the results. 
re- When an analyst uses a standard 
as- method which has been drawn up for the 
is analysis of the material under test he is 
ilts primarily interested in the precision of 
the the results that are obtained, and parks 
eve his worries as to the accuracy of the 
ally results with the sponsor of the standard 
sed method. If he uses a standard sample 
ore of the material, he obtains a direct 
re- measure of the accuracy of his work. 
_in § The analyst has therefore little excuse 
acy today for reporting grossly inaccurate 
nay work so long as he can stay in the fields 
sin § covered by the standard methods or 
10S- standard samples. If he enters un- 
art explored fields, his troubles multiply in 
‘ire- proportion to the degree of accuracy 
low required, for operations designed to fix 


— usually too costly of 
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time, effort, and money to be carried by 
an isolated analysis. What these may 
entail can be illustrated by the deter- 
mination of iron in the National Bureau 
of Standards standard Sibley iron ore, 
which involved the use of seven different 
methods of analysis, studies of their 
accuracy, determinations of ore constitu- 
ents other than iron, calculations of their 
effects in the methods, and the selection 
of the best value for iron as indicated 
by the data. 

From what has been said it will be 
evident that one cannot arrive at the 
most accurate value through inspection 
of results alone, whether they be a dozen 
results reported by a single analyst or 
by a dozen analysts. To go beyond the 
arithmetical mean one must have a 
reasonably detailed description of the 
methods used, and the analytical knowl- 
edge required to sift the good methods 
from the bad. From the viewpoint of 
the conscientious analyst this constitutes 
one of the most discouraging features of 
chemical analysis, for excellent work may 
yield a result so far out of line with that 
obtained in mediocre work that it might 
actually be viewed with suspicion by a 
reviewer who considers results alone. 

A criticism that applies to most 
analysts is their failure to appraise the 
limitations of their methods of analysis, 
and to round off reported results accord- 
ingly. Reports for silica in silicate ma- 
terials are still reported to the second 
decimal place in spite of the fact that in 
ordinary analyses it is difficult enough 
to get concordance in the first decimal 
place. Results that are properly 
rounded off should not be regarded as a 
confession of weakness on the part of 
the analyst, but rather as a warning that 
if greater accuracy is to be certified, 
special, and usually more costly and 
time-consuming, procedures must be 
used. 

In their abuse of significant figures 
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there is little to choose between the 
metallurgist in drawing up chemical 
requirements in a specification and the 
analyst in reporting the results of his 
tests the unbridled metallurgist 


oe 
TABLE I.—CAR WHEEL IRON. 


A First Results Reported by 17 Analysts. 


's + 
. 28 
sults, per cent 23 o™ 
|. 
et 3.03 to 3.12%, | 3.07 | 3.06 | 0.02 
ns 0.54 to 0.602% | 0.569] 0.585| 0.02 
Sulfur (gravi- 
| eS 0.122 to 0.144° | 0.133} 0.134) 0.005 
® Excluding 2 results of 2.83 and 3.16. ro 
> Excluding 1 result of 0.485. hale hs 
© Excluding 1 result of 0.154. 
TABLE III.—FERROMANGANESE. 
First Results Reported by 13 Analysts. 
2 = 
Constituent | Spreadof Results, 
percent 
| $63 
& 
Manganese...... 79.80 to 80.35 |80.09 |80.07 | 0.15 
COD. «duansons 6.78 to 6.90% | 6.84 | 6.83 | 0.03 
0.766 to 0.843 | 0.797) 0.810) 0.02 
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copper in all shapes shall have a purity 
of at least 99.900 per cent. Standard 
Specifications for Fire-Refined Copper 
Other Than Lake (B 72 — 33)® goes this 
one cipher better and specifies that the 


TABLE V.—BRASS. 
First Results Reported by 9 Analysts. 


. Wee 
~ 
F Spread of Results, Pw 
Constituent per cent AE 
; 
za ila 
69.98 to 70.18 70.07| 70.07} 0.04 
27.12 to 27.32% 27.24) 27.22] 0,04 
0.92 to 1.00° 0.96} 0.97] 0.02 
0.16 to 0.19 0.18} 0.17] 0.01 
Excluding 1 result of 26.96. 
Excluding 1 result of 1.05. bse by 
TABLE VI.—BRONZE. 
First Results Reported by 8 Analysts. 
~ |e 
: Spread of Results, >. 
Constituent per cont 3 
| 2x 
za ian |< 
«000900 61.45 to 61.56 61.51] 61.51] 0.02 
Manganese....... 1.49 to 1.56 1.51} 1.51} 0.02 
Aluminum........ 0.90 to 0.96 0.93} 0.93) 0.02 
0.82 to 0.85 0.83} 0.85) 0.01 


® Excluding 2 results of 6.55 and 6.70. 


TABLE IV.—MOLYBDENUM-TUNGSTEN STEEL. 
First Results Reported by 11 Analysts. 


® Excluding one result of 61.38. 
TABLE VII.—ALUMINUM ALLOY. 


a 
~ |s 
Constituent Spread of Re- > 
sults, percent; & | .- 
isos 
a im |< 
6.75 to7.21 7.03 | 7.07 | 0.10 
5.98 to 6.34 6.20 | 6.29 | 0.11 
0.216 to 0.272 | 0.252) 0.250! 0.01 
0.020 to 0.031 | 0.026 0.027 0.003 


is apt to go out of bounds may be illus- 
trated by certain of our specifications. 
For example in the Standard Specifica- 
tions for Electrolytic Copper Wire Bars, 
Cakes, Slabs, Billets, Ingots, and Ingot 
Bars (B 5-27)® it is specified that the 


8 1939 Book of A.S.T.M. Standards, Part I, p. 541. 


First Results Reported by 8 Analysts. 


— 
ise. 
Spread of Results,| | 

ala 

Manganese....... 0.55 to 0.59% 0.57 | 0.57 | 0.01 
 emeatsitti 0.42 to 0.47 | 0.45 | 0.46 | 0.02 
Magnesium 0.39 to 0.42” | 0.41 | 0.41 | 0.01 
| 0.376 to. 0.42 0.40 | 0.40 | 0.01 


@ Excluding one result of 0.6 3. 
> Excluding one result of 0.49. 


minimum content of copper shall be 
99.7000 per cent! Legally speaking 
99.69994 per cent copper would not pass. 
Analytically speaking, the analyst does 
well in obtaining an accuracy of 1 part 
Ibid., p. $45. 
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in 1000; he is doing very exceptional 
work if he reaches 1 part in 10,000; and 
he should be employed in subatomic 


od weight determinations if he can work to 
he 1 part in 10,000,000. 
The precision and the accuracy that 
are obtained in determining components 
— of typical materials are illustrated in 
of Tables II to VII. These are based on 
Sy results that were reported by analysts 
who cooperated with the National Bu- 
HC reau of Standards in the standardiza- 
cf tion of the materials in question. It 
mn" should be borne in mind that analyses 
es were made on samples which had been 
01 prepared in such a way as to insure 
7a homogeneity, that the analyst used 
methods which he considered adequate 
and no doubt took special care in his 
oer tests, and that each reported result prob- 
of ably represents the average of at least 
33 two satisfactory determinations. The 
E. indicated errors therefore represent what 
63 can be expected in special rather than 
in routine work. 
02 CHANGES IN CHEMICAL ANALYSES AND 
CHEMICAL REQUIREMENTS 
i i Following the advent of standard 
methods and standard samples, have 
come changes in chemical analysis and 
3 chemical requirements involving more 
3 complex materials, more complete anal- 
5B yses, determinations of constituents oc- 
rcs curing in very minute amounts, demands 
ES for greater accuracy in many of the 
aS determinations, and greater speed in 
analyzing. 
0.01 Naturally occuring materials such as 
0.01 one 
wot & silicate rocks are as they always have 
been, save for the ravages of time. The 
same cannot be said of man-made mate- 
be rials, Witness the changes that have 
Ing taken place in common materials such 
ass. as paints, ferrous and non-ferrous metals, 
loes and in ceramic materials. 
art 


The pigments in a ready-mixed out- 
door house paint may now be a mixture 
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of lead, titanium, zinc, magnesium and 
calcium compounds instead of the old- 
time basic lead carbonate. Many irons 
are no longer plain; alloy steels may now 
contain selenium, columbium, tantalum, 
titanium, lead, and boron in addition to 
the now commonplace alloying elements, 
nickel, chromium, vanadium, molybde- 
num, and tungsten. Non-ferrous metals 
appear in new compositions containing 
tellurium and beryllium, while some of 
the porcelain enamels might be called the 
ceramic sink. In addition to the 
planned changes in composition there 
must also be considered the changes that 
will ensue as more and more scrap finds 
its way into production. In view of the 
nonselectivity of the analyst’s methods 
of determination, each new constituent 
must be closely scrutinized for its prob- 
able or possible behavior in the methods 
that are in use. Not so long ago, the 
advent of high-sulfur steels played hob 
with the standard methods for carbon 
that were in use, and necessitated the 
introduction of entirely new safeguards. 

The trend toward more complete 
analyses can be illustrated by the increas- 
ing number of elements certified in the 
Bureau’s certificates of analyses of its 
standard analyzed samples. For ex- 
ample, in cast irons the number doubled 
from 6 in 1906 to 12 in 1928, copper, 
nickel, chromium, vanadium, mslybde- 
num and arsenic having been added to 
the elements manganese, phosphorus, 
sulfur, silicon, titanium, and carbon in 
its two forms, which were originally 
certified. In plain carbon steels, the five 
elements carbon, manganese, phos- 
phorus, sulfur, and silicon which sufficed 
at the turn of the century were long ago 
augmented by copper, nickel, chromium, 
vanadium, molybdenum, and arsenic 
as a matter of course, and sometimes by 
others such as tin, nitrogen, aluminum 
and alumina. There is a similar tend- 
— in the non-ferrous field, as illus- 
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trated by the Tentative Specifications 
for Aluminum-Base Alloy Sand Castings 
(B 26 — 41 T)*° which list, in addition to 
aluminum, copper, iron, silicon, mag- 
nesium, manganese, zinc, titanium, 
nickel, chromium, and “total other 
impurities.” 

Not so long ago a reported “trace” 
was acceptable in chemical analysis, and 
was commonly interpreted as denoting 
an amount less than 0.01 per cent of the 
material. The practical reason for this 
limit was the general use of 1-g. samples, 
and the difficulties in accurately deter- 
mining amounts as small as 0.1 mg. by 
the methods then employed. Today, 
large tonnages of materials are sold and 
accepted on chemical requirements far 
below the old “trace” limit, as for ex- 
ample the 0.007 per cent maximum for 
lead and the 0.005 per cent maximum for 
iron and cadmium in the Standard 
Specifications for Slab Zinc (Spelter) 
(B 6-37)"; the 0.0015 per cent max- 
imum for silver, copper, arsenic, and 
zinc in Tentative Specifications for 
Pig Lead (B 29-40 T)"; and last 
and least the chemical requirements 
such as “none”’ for zinc and aluminum 
in Standard Specifications for Solder 
Metal (B 32—21)." The last is a com- 
pliment to the analyst, for it implies 
supernatural powers of detection on the 
material, or of clairvoyance as to what 
was the metallurgist’s thought on the 
mental side. In truth it is usually a 
confession on the part of the metallur- 
gist that he has no metallurgical or 
analytical data which will enable him to 
set a definite limit. That the metal- 
lurgist has some misgivings is indicated 
in the Tentative Specifications for Cop- 
per-Base Alloys in Ingot Form for Sand 


Supplement to Book of A.S.T.M. Standards, 
art I, p 
1 1939 Book of A.S.T.M. Standards, Part I, p. 
Supplement to Book of A.S.T.M. Standards, 
art I, p. 438 
13 1939 Book of A.S.T.M. Standards, Part I, p. 669. 


Castings (B 30-41 T)," in which the 
term “‘none”’ as applied to the aluminum 
content of some of the alloys is defined as 
“0.005 per cent when determined on a 
10-g. sample.”” What would happen if 
the analyst found 9.01 per cent on a 1-g. 
sample is a problem. 

Chemical requirements of “‘none” are 
on a par with the maximums for “Other 
Impurities,” or for “Total Other Im- 
purities” which still obtain in some 
specifications. If the analyst takes these 
requirements seriously nd starts 
searches there is no limit to what he may 
uncover. It is the exception to find less 
than a dozen elements in any metal. 
Some of these are of common types that 
might be expected, some are of uncom- 
mon types like gallium in aluminum or 
germanium in zinc, that may be unsus- 
pected, and others, like silver in most 
metals, are not normally considered in 
the environment in question. Some 
materials, as for example clays and phos- 
phate rock, may show as many as one 
third of the known elements. 

It is sometimes asked “What is the 
analyst’s limit in his searches for minor 
constituents?” The answer depends on 
the nature of the task and is ultimately 
governed by the extent to which the 
analyst can exclude the substance that 
is sought from his reagents, reaction 
vessels and extraneous sources. Com- 
positions of the National Bureau of 
Standards Standard Analyzed Samples 
of Spelter are certified to percentages as 
low as one ten thousandth (0.0001) for 
arsenic, eight one hundred thousandth 
(0.00008) for silver, and four one hun- 
dred thousandth (0.00004) for man- 
ganese. ‘The last represents one part in 
2.5 millions and is below the limit of 
detection by direct spectroscopic test in 
this material. It is safe to say that a 
“basement” of 1 part in a million (or 
0.0001 per cent) was passed long ago. 


14 1941 to Book of A.S.T.M. Standards, 
Part I, p. 376 
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Only last month we read” that for the 
reliable operation of electronic tubes 
there is required mercury of a purity of 
99.99995 per cent (one part of impurity 
in two million parts of mercury); ma- 
terial conforming to this requirement 
is being produced at the rate of halfa 
ton per day. 

For determinations of these minor 
constituents the growing use of spectro- 
graphic methods has been a welcome 
development. It must be said here, 
however, that the analyst has learned 
that caution must be used in interpreting 
the term “spectroscopically free.” In 
testing material ‘‘as is,” as for example 
the detection of manganese in the spelter 
just cited, the chemical analyst has out- 
lasted his brother spectroscopist often 
enough when reactions are favorable, to 
demonstrate that both have limitations 
which some are loath to admit. In 
tests following separations and concen- 
trations, the spectroscopist will, of 
course, outlast the analyst. 

The time alloted for chemical deter- 
minations or analyses in industry of to- 
day is a far cry from what was considered 
absolutely necessary even at the begin- 
ning of the century. 

This has been a natural result of the 
large-scale manufacture of materials 
which must meet rigid chemical require- 
ments, and which therefore require con- 
stant checking from the raw material 
to the finished product by methods that 
will not delay rapid movement during 
the processing. Oftentimes, as in opera- 
tions involving the electric furnace, each 
minute’s delay on the part of the labora- 
tory is watched. 

The gradual shortening of the time 
allowed for such analyses has naturally 
speeded the search for methods that 
yield results of satisfactory accuracy 
within the shortest possible time. This 


18 Chemical and Engineering News, Vol. 20, 


calls for the paring of time-consuming 
operations to a minimum. So in wet 
methods for manganese we have seen the 
passing of the gravimetric phosphate 
method in favor of the more rapid volu- 
metric bismuthate filtration-titration 
method, the omission of the filtering 
operation through the substitution of the 
volumetric persulfate titration method, 
the by-passing of the titration bottle- 
neck by the adoption of the spectro- 
photometric methods for manganese, and 
finally the abandoning of wet methods 
entirely in favor of direct spectroscopic 
test on the sample itself. 

The illustrations, which have had to 
do with the steel industry, might be 
multiplied to cover any industry where 
chemical requirements are in question or 
manufacturing techniques require con- 
stant control. In the glass industry, 
for example, the urge for more rapid 
methods comes more from the need of 
closer control of the manufacturing 
operation than on chemical require- 
ments. 

Many do not appreciate the advances 
that such evolution represents, often 
with an increase of accuracy as well as 
a saving of time. To those who do not 
we might call attention to the old wet- 
combustion method of the nineties for 
carbon in steel, with its 3 to 4 hours of 
elapsed time and uncertainty of results, 
as compared with modern dry combus- 
tion methods which require less than 10 
minutes and yield results that are much 
more dependable and accurate. How 
far we have come may be indicated by 
observations made 53 years ago by Dr. 
Langley, who said in an address on Inter- 
national Standards for the Analysis of 
Iron and Steel: ‘“The analytical chemist 
is expected to arrive at results in eight or 
ten hours, which, if they could have been 
done at all twenty years ago, would have 
demanded one or two weeks of labor and 
even then would have been far less accu- 
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rate.” Today, the time required for 
many of these analyses comes closer to 
8 to 10 minutes than to 8 to 10 hours, 
and the results must be more accurate. 

The analyst can claim with pride that 
the shortening of the time required for 
chemical analyses has played no small 
part in the evolution of our manufactur- 
ing processes. 

Whenever chemical requirements are 
inserted in specifications the methods of 
analysis that are used to check them are 
sure to receive policing, and faulty or 
inaccurate methods sooner or later go 
into limbo. The stiffer the chemical 
requirements the stiffer the examination 
must be. In such case, the urgent con- 
sideration is that lack of accuracy may 
mean rejections of material, financial 
loss, or even the loss of the analyst’s job 
itself. It is quite safe to say that chemi- 
cal requirements have had more to do 
with improving the accuracy of chemical 
analyses than any other single factor 
since the beginning of the century. 

The demands for more accurate anal- 
yses can be illustrated by the differences 
between the chemical requirements for 
manganese bronze in 1939 and in 1911. 
The percentages given in 1911 are ex- 
pressed in 1 or 2 significant figures, as 
for example copper 55 to 60 per cent, tin 
not over 2 per cent, and manganese not 
over 0.5 per cent. In 1939, the per- 
centages are expressed in 2 to 4 signifi- 
cant figures, as for example copper 56.00 
to 65.00, tin 1.00 per cent maximum, 
and lead 0.20 per cent maximum. One 
difficulty with such changes is that the 
analyst is often in doubt as to whether 
the change is one of metallurgical or 
editorial policy. In other words, 
whether analyses should be rounded off 
to the second decimal place and, if so, 
whether an indicated percentage of 55.99 
as against the 56.00 minimum for copper 
or of 0.21 as against the 0.20 maximum 
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for lead would be cause for rejection. 
It is not difficult for the analyst to check 
the lead requirement, which calls for 
accuracy no better than 1 part in 20, 
To check the copper requirement, how- 
ever, calls for accuracy to better than 1 
part in 5000, which is severe in ordinary 
analytical work. 

It is comforting to note that a start 
toward clarification has been made in the 
Tentative Specifications B 26-41 
which carry a clause under the chemical 
requirements to the effect ‘“‘For purposes 
of acceptance and rejection, an observed 
value or a calculated value obtained from 
an analysis should be rounded off to the 
nearest unit in the last right-hand place 
of figures used in expressing the specified 
limit.” 

To meet the increasing demands on 
the analyst there have, of course, been 
numerous developments in methods of 
chemical analysis which can be given 
but passing mention here. These have 
included improved methods of separa- 
tion, more selective reagents, the growth 
and improvement of volumetric methods, 
the development of colorimetric, spectro- 
photometric and nephelometric methods, 
the rise of microanalytical methods, and 


the increasing use of physical and chemi- § 


co-physical methods such as those based 
on the use of the spectroscope and polaro- 
graph in the general field and of special 
methods such as the electrical resistance 


method and the magnetic method for J 


carbon in steel in special fields. 

Two developments deserve special 
mention, the rise and importance of 
spectrographic procedures in qualitative 
and quantitative analysis in the in- 
organic field, and of microanalysis in the 
organic field. 

It can be truly said that the growing 
use of physical and chemico-physical 
methods has come to the rescue of rou- 
tine chemical analysis, and has prevented 
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Unquestionably there is one para- 
mount theme which needs to be dis- 
cussed, even if briefly, in this report to 
the Society from the Executive Com- 
mittee, namely, the manner and extent 
to which the Society is contributing to 
the war effort. 

This is the second time in its history as 
an incorporated Society that A.S.T.M. 
has been in a war period, but the contrast 
between the extent of the Society 
activities now and in 1917 is so great and 
indeed the present emergency situation 
is so much more complicated than it was 
25 years ago, that there have been few 
precedents which could be followed. 
One basic policy was immediately estab- 
lished and has been and will be adhered 
to, namely, to make available all of our 
facilities where they can be used to ad- 
vantage in assisting the Government and 
industry in coping with the many intri- 
cate problems which have arisen in the 
field of engineering materials. It had 
been apparent for many years that the 
next general war would be basically a war 
of materials, and that therefore the re- 
search and standardization activities in 
A.S.T.M., dealing as they do with 
materials, would offer many opportunities 
forimportant contributions by the Society 
to the winning of the war. 

More than two years ago it was 
increasingly apparent that the United 
States might soon be involved in a global 


oe and some of our activities at that 
Per time were intensified—as an example, 
aah the activities of Committee B-5 on 
ae Copper and Copper Alloys which at that 
Ee ss time began to accelerate its very con- 
__ structive work in numerous problems of 
particular importance to the Army 
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Ordnance. More than a year ago, as 
indicated in the 1941 Annual Report of 
the Executive Committee, A.S.T.M. 
offered its assistance to various agencies 
of the Government in the realization that 
much of our effort as a national technical 
society should be of help. 

There has hardly been any field of 
materials which has not been markedly 
affected by the war and consequently 
many branches of A.S.T.M.’s work have 
been influenced by the emergency situa- 
tion. Probably the greatest effect has 
been in the field of ferrous and non- 
ferrous metals—yet there are many non- 
metals fields where A.S.T.M. has 
rendered notable emergency service. 
While virtually impossible to delineate, 
at least in any reasonably condensed 
report, all significant phases of the So- 
ciety’s activities that have contributed 
to the war effort, reference should be 
made to certain general matters and toa 
few selected cases which are representa- 
tive of the types of work our committees 
are doing. 

The Executive Committee devoted a 
considerable portion of its two-day Janu- 
ary meeting to a full discussion of 
problems incident to the war and how the 
Society through its research and stand- 
ardization work in materials, and related 
activities, could best assist in the war 
effort. Almost every phase of A.S.T.M. 
work came in for comment and scrutiny. 

There was unanimous agreement that 
research leading to the development of 
new products and uses and more authori- 
tative information on properties of ma- 
terials would be one of several important 
cushions needed to lessen 
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impact. It was generally agreed that 
one very important contribution the 
Society could render would be to inten- 
sily its standardization activities, leading 
to the publication as soon as possible 
after the annual meeting of a complete 
combined 1942 Book of A.S.T.M. Stand- 
ards. The tremendous increase in pro- 
duction has focused attention as no other 
factor could on sound and authoritative 
specifications. At no other time in our 
history as a nation have there been so 
many technical men working on specifi- 
cations and so much intensive coopera- 
tive effort devoted to agreeing on stand- 
ards—many of them of an emergency 
nature. ‘ 

A procedure was established by the 
Executive Committee for handling emer- 
gency alternate provisions in specifica- 
tions and consideration was given to the 
best ways to handle expeditiously the 
issuance of complete emergency specifi- 
cations or test methods—these various 
procedures are outlined in another por- 
tion of this report. Reference is made 
in succeeding paragraphs to a number of 
committees which have found it desirable 
to issue emergency alternate provisions 
which can be invoked by the buyer in 
the interest of procurement or conserv- 
ing critical or strategic materials. Un- 
questionably, the work of the standing 
committees in developing these emer- 
gency items has been one of the out- 
standing developments during the year 
and as changes take place in the field 
of engineering materials, other emer- 
gency changes wil] be forthcoming. 

The Report of Committee E-10 on 
Standards includes a list of all emergency 
provisions and complete emergency spec- 
ifications issued up to the present time. 
All emergency items are issued in the 
form of pink slips or complete specifi- 
cations and the provisions are also 
published in the ASTM 
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made available to all members on request 
and a complete set of the emergency 
provisions was mailed to the members 
early in June. Several important groups, 
among them Government and War 
Production Board officials, received 
copies of those in which they were 
specifically interested shortly after the 
material came off press. 

Research and the War Emergency.— 
There is no question that both funda- 
mental and applied research have con- 
tributed immeasurably in helping to 
make the United States a leader in ma- 
terials technology, whether this applies 
to the pursuits of peace, or the conduct 
ofa war. Certainly there are numerous 
problems which have arisen during the 
past year which could only have been 
solved by competent research staffs and 
the cooperative efforts of organizations 
which have had research under way. 
Research to develop a sound basis of 
specification values or sound testing 
procedures is fundamental in our stand- 
ardization work. 

During preparations for national de- 
fense and since the war began, the Society 
on numerous occasions has been asked to 
assist in problems relating to materials 
entering into ordnance or products es- 
sential in the war effort. In a number 
of instances A.S.T.M. committees have 
had to initiate promptly and to carry 
through with the least possible delay 
research projects to develop authorita- 
tive information on which decisions 
could be based. 

An example of this is the work which 
resulted in the emergency standard 
ES - 2, providing specifications for hot- 
dip lead coating on hardware. The 
necessity of conserving other metallic 
coating materials led Committee A-5 on 
Corrosion of Iron and Steel to draft 
promptly proposed requirements for 
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lead-coated hardware. Concentrated re- 
search work carried out at the Common- 
wealth Edison Co., Bell Telephone 
Laboratories, Inc., and Western Electric 
Co., resulted in data on which the re- 
quirements are based. The prompt 
promulgation of this urgently needed 
specification exemplifies the effective way 
in which our standing committees can 
work and the importance of close co- 
operation all along the line. 

Much A.S.T.M. work has been effec- 
tive in promoting a sound use of products 
through establishment of specifications 
based on extensive research—for ex- 
ample, die castings. The work of Com- 
mittee B-6 on Die-Cast Metals and 
Alloys has been outstanding, and it was 
but natural that when consideration 
arose of possible steps to conserve 
aluminum, this committee should be 
asked to make recommendations. As a 
result several emergency grades investi- 
gated in cooperative research work have 
been suggested and have been set up as 
alternates in the Specifications for Zinc- 
Base Alloy (B 86) and the Aluminum- 
Base Alloy (B 85) Die Castings. An im- 
portant point brought out in this work 
was that for many uses zinc-base die 
castings with drastically reduced alu- 
minum content could not be successfully 
made. 

In.view of the pressing need for satis- 
factory information on hardness con- 
version relations of cartridge brass, the 
Section on Indentation Hardness of 
Committee E-1 on Methods of Testing, 
which is investigating hardness char- 
acteristics of various materials, con- 
centrated its first efforts on cartridge 
brass and there was issued an emergency 
standard ES-4 which gives relations 
between diamond pyramid hardness, 
Rockwell hardness, and Brinell hardness. 
This work is important not only because 
of the tremendously increased produc- 


tion of this material for ordnance, but 
also in lend-lease problems. Round- 
robin tests were conducted at five co- 
operating laboratories and when the test 
data as compared with experience data 
checked satisfactorily the committee felt 
its proposals were sound. 

The necessity of conserving nickel for 
the most important military and naval 
uses was apparent many months before 
a state of war existed and in June, 1941, 
Committee B-4 on Electrical-Heating, 
Electrical-Resistance and Electric- 
Furnace Alloys was requested to study 
and make prompt recommendations con- 
cerning conservation of nickel in alloys 
in this field. The committee, having 
before it the results of earlier studies 
made at certain laboratories, quickly 
agreed on a report, which was sum- 
marized in the August, 1941, ASTM 
BULLETIN and forwarded directly to the 
Office of Production Management. This 
has been effectively used. This project 
demonstrates a somewhat different type 
of research activity where the experience 
and judgment of the committee members 
counted very heavily in reaching con- 
clusions and where no actual research 
had to be undertaken. It is a splendid 
illustration of how the technical knowl- 
edge of materials men serving in A.S. 
T.M. can be used effectively. 

The current report of Committee E-9 
on Research contains an excellent discus- 
sion of policy that should guideA.S.T.M. 
research activities under war conditions. 

Specifications and the War Emergency. 
—The production of materials first for 
defense, and then for war, in such huge 
quantities has emphasized . no other 
situation could the importance of satis- 
factory specifications. At the same time 
large increases in quotas expected from 
certain industries have stressed the 
necessity of some relief during the emer- 
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gency with respect to certain testing 
procedures. Scarcity of certain strate- 
gic or critical materials, with necessity 
of conservation, has influenced to a great 
extent many standardization activities. 
It is truly inspiring to note with what 
promptness A.S.T.M. standing com- 
mittees drafted emergency provisions or 
complete specifications or considered 
emergency situations which affected re- 
quirements of a standard. While the 
reports of the standing committees detail 
these activities, it seems in order to 
indicate certain fields where emergency 
activities have been particularly out- 
standing. 

Of the some 50 specifications affected 
by emergency alternate provisions, 19 
are in the jurisdiction of Committees A-1 
on Steel and A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys. Our conduct of the war, based as 
it is on ships, guns, shells, and similar 
products where steel is essential, is re- 
lated directly to the production of this 
basic commodity and the remarkably 
successful efforts of various units in the 
steel industry in stepping up production 
are a matter of record. In no other 
industrial fields are A.S.T.M. specifica- 
tions more widely used or more influ- 
ential and our Steel Committee has 
labored intensively to keep its specifica- 
tions up to date. 

The scarcity of certain elements in 
relation to inordinate war production 
demands, has made all possible conserva- 
tion essential. Many of the emergency 
provisions developed in Committee A-1 
have been in this interest such as certain 
changes in the chemical composition of 
steel castings, and spring wire, and in 
the field of rails and track fastenings. 
The committee has also set up emergency 
provisions so that, for example, a heat 
of casting steel made to a certain A.S, 
T.M. specification would at the same 
time meet Federal or Navy 
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There are many outstanding illustra- 
tions in the work of ournon-ferrous metals 
committees involving emergency stand- 
ards activities, such as the prompt devel- 
opment by Committee B-1 on Copper and 
Copper-Alloy Wires for Electrical Con- 
ductors of a complete emergency speci- 
fication ES — 1 covering lead-coated wire 
for electrical purposes which was devel- 
oped to conserve other protective coating 
elements of a more critical nature. 

The crucial tin situation resulted in 
orders from the War Production Board 
forbidding the use of bearing alloys with 
more than 10 per cent tin, or solder 
metal which had more than 30 per cent 
tin. To help in this critical situation, 
A.S.T.M. Committee B-2 on Non-Fer- 
rous Metals and Alloys, with the co- 
operation of the Society of Automotive 
Engineers and War Production Board 
personnel, agreed on a number of emer- 
gency alloys which were set up as alter- 
nates in two A.S.T.M. specifications 
covering White Metal Bearing Alloys 
(B 23) and Soft Solder Metal (B 32). 

The emergency work of Committee 
B-5 on Copper and Copper Alloys, Cast 
and Wrought which, as indicated above, 
began its series of constructive studies 
and actions more than two years before 
war began, has been extremely im- 
portant—the latest developments relat- 
ing directly to the war effort involve the 
copper-base alloy castings field where 
several emergency alloys have been 
agreed on to conserve tin or copper 
or both. The May ASTM BUvuLLetIn 
contained a rather extended discussion 
of this work. Many other phases of the 
work of Committee B-5 have been very 
helpful in the war effort. 

A very recent development in the non- 
metals field is the promulgation by 
Committee C-1 on Cement of Emer- 
gency Alternate Specifications for Port- 
land Cement EA-—C150 which have 
_— been approved (June 6). The War 
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Production Board requested the Society 
to submit recommendations for limita- 
tion of types of cement to be produced 
and any other modifications in specifi- 
cations that would contribute to in- 
creased production and conservation of 
cement for war work and as a result 
these specifications have been prepared. 

Because of the extremely critical rub- 
ber situation Committee D-11 on Rub- 
ber Products has had serious problems 
confronting it and the several emergency 
alternate provisions listed in its 1942 
report reflect this situation. The A.S. 
T.M. standards in this field have been 
widely used and the actions taken by 
the committee exemplify the desires of 
the Society’s technical groups to render 
all possible assistance. This committee 
was responsible for the first emergency 
alternate provision issued by the Society 
on August 26, 1941, modifying require- 
ments on sheeting in the Standard 
Specifications for Insulated Wire and 
Cable: Class AO, 30 per cent Hevea 
Rubber Compound (D 27 — 41) so that 
the cable manufacturers could have 
some relief in obtaining one of the most 
widely used types of sheeting. 

Emergency work in Committee D-12 
on Soaps and Other Detergents is another 
case where a standing committee felt it 
most desirable to assist in effecting 
savings in critical materials. Emergency 
alternate provisions were developed in a 
number of specifications. 

Mention was made in the 1941 Execu- 
tive Committee Report of the important 
work under way in Committee D-20 on 
Plastics. Increasing committee activi- 
ties have resulted in bringing forth a 
number of new tests as detailed in its 
latest report. 

Miscellaneous War-Effort Activities.— 
In line with the objective of making the 
ASTM Bu Ltetin of maximum benefit 
to members during the war emergency, 
special articles were included in the 
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three issues published this year—Janu- 
ary, March, and May—with condensed 
information giving the set-up of the 
OPM and WPB (a special four-page 
article with charts outlined the various 
divisions of the War Production Board, 
directors, branch chiefs and related 
information). Efforts are made to give 
promptly news of committee activities 
which relate to the war effort. Lists of 
the Federal Emergency Specifications 
have been published in the BULLETIN 
and the Society has offered to send 
complete copies of these specifications 
to members. A large number of re- 
quests have been received. The devel- 
opment of these emergency specifications 
and their promulgation, in which efforts 
the WPB Bureau of Industrial Con- 
servation is most active, are of vital 
importance in conservation of critical 
and strategic materials. 

Many members of the Society are 
spending all their time in the war effort, 
some in the armed services and many 
more in-connection with production of 
war materiel; there are also many 
Society members who are serving in 
the War Production Board and other 
Governmental agencies, and in various 
advisory capacities. Many members of 
the Society’s Committee A-1 on Steel 
are serving on the technical advisory 
committees that are developing the 
lists of National Emergency Steel Speci- 
fications for the War Production Board. 

As the Executive Committee advised 
a year ago, the services of the Secretary- 
Treasurer were loaned to the War 
Production Board (then Office of Pro- 
duction Management) on a part-time 
basis beginning April, 1941, with the 
understanding that his responsibilities 
to the Society would need to be main- 
tained and that the Executive Commit- 
tee reserved the privilege of reviewing 
the situation periodically. Such review 
during the past year has led the Execu- 
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tive Committee to assent to the desire 
of WPB that the arrangements be con- 
tinued, so that the Secretary-Treasurer 
has spent over a year in the War Pro- 
duction Board, devoting about three- 
fourths of his time to the work. He is 
now Chief of the Specifications Branch, 
Bureau of Industrial Conservation; also 
administrator of the National Emergency 
Steel Specifications project of the WPB, 
sponsored by the American Iron and 
Steel Institute, Society of Automotive 
Engineers, and A.S.T.M. with the col- 
laboration of the War and ew De- 
partments. 

As would be expected, all the standing 
committees have re-orientated their ac- 
tivities having the war effort particu- 
larly in mind. Since materials are play- 
ing such an important role, it is especially 
important that specifications covering 
the critical materials be reviewed and 
kept up to date; also that attention be 
given to development of information 
with respect to these materials. This is 
reflected in the reports of many of our 
standing committees being presented at 
the annual meeting this year, particu- 
larly those in the metals field. 

is general situation has also re- 
ceived careful consideration on the part 
of the Executive Committee, namely, as 
to how the standing committees can best 
function in the war effort and how their 
activities should be carried on under 
war-time conditions. As a result of dis- 
cussions in the Executive Committee at 
its January meeting a letter was ad- 
dressed to the officers of the standing 
committees reviewing the situation and 
emphasizing the possibilities of a pro- 
cedure that had been established for the 
development of emergency alternate 
revisions; also the handling of requests 
for information and advice from either 
the Panmaceench or industry. The Ex- 
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ecutive Committee also inquired con- 
cerning the plans of the individual stand- 
ing committees covering their future 
activities in the light of present condi- 
tions and asked the committees to sug- 
gest aspects of their work that should be 
taken into account in fixing Society 
policies. The responses indicated a uni- 
versal desire on the part of the standing 
committees to be of every assistance 
possible to the Government and industry 
at large in the war effort. A number of 
the committees felt that the best con- 
tribution would be a concentration on 
emergency modifications of existing 
standards so as to implement War Pro- 
duction Board orders and in general to 
have specifications in line with limita- 
tions on strategic materials. Other com- 
mittees discussed principally the research 
activities before them, while some indi- 
cated the part that could be played by 
committees in an advisory capacity. 

As a result of these discussions the 
following suggestions have been made to 


the standing committees as a guide in 
their future work: 


1. In view of the all-importance of time, 
all of our committee standardization activi- 
ties that would be of definite assistance to 
the war effort should be expedited. 

2. There is need for faster test pro- 
cedures. 

3. Whether or not research work should 
be carried on depends in large part upon its 
relation to the war effort. Work that is 
already in progress should be pushed to the 
nearest suitable end-point where its stoppage 
will not mean the loss of valuable data and 
the waste of time and materials. Work 
which has just been inaugurated should be 
scrutinized carefully to determine to what 
extent it will be of assistance to the war 
program and whether the expenditure of 
the necessary time, energy, materials, and 
money is warranted under present condi- 
tions. Research work which has not been 
started should also be reviewed on the latter 
basis. 

of research should be 
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carefully scrutinized prior to publication, to 
determine whether such publication would 
be of aid and comfort to the enemy. 


The current reports of Committees E-9 
on Research and E-10 on Standards deal 
with certain phases of the committee 
work and, supplemented by reviews that 
will appear in the ASTM Bvuttetin, 
give a general summary of the com- 
mittees’ activities. This report, there- 
fore, makes brief reference only to sev- 
eral administrative actions during the 
year. 

In response to several suggestions that 
the Society undertake the development 
of methods of determining hardenability 
of steel, Committee A-1 on Steel was 
asked to undertake this project. A new 
subcommittee organized for this purpose 
began its work promptly and a proposed 
Tentative Method of End Quench Test 
for Hardenability of Steel (A 255 — 42 T) 
has been approved by Committee E-10 
on Standards. 

As an outcome of specification work on 
welding rods in the American Welding 
Society and Subcommittee XXI, of 
Committee A-1, on Steel Welding Elec- 
trodes and Welding Rods, the Executive 
Committee, in collaboration with the 
officers of the American Welding So- 
ciety, has decided to organize a Joint 
Committee on Filler Metal, to be re- 
sponsible for specification work in this 
field and to take over the activities of 
Subcommittee XXI and the A.W.S. 
Filler Metal Specifications Committee. 
It is believed that this will provide a 
better set-up for consideration of the 
problems involved, particularly since 
standards for higher alloy steels and non- 
ferrous metals are entering into the pic- 
ture which will also be of interest to 
several other A.S.T.M. committees, in- 
cluding some in the non-ferrous field. 
An organization meeting of the joint 
committee is planned during this annual 
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Based upon discussions that have 
been taking place during the past few 
years, both in the individual standing 
committees dealing with corrosion of 
metals and subsequently with Com- 
mittee E-9 on Research, the Executive 
Committee has agreed to the formation 
of a new administrative committee, to be 
designated as an Advisory Committee on 
Corrosion, which will provide a more 
effective means of administering the 
Society’s work in the field of corrosion of 
metals. This Advisory Committee will 
consist of the chairmen of the six stand- 
ing committees concerned with the corro- 
sion of metals, namely, A-5 on Corrosion 
of Iron and Steel, A-10 on Iron-Chro- 
mium, Iron-Chromium-Nickel and Re- 
lated Alloys, B-3 on Corrosion of 
Non-Ferrous Metals and Alloys, B-4 on 
Electrical-Heating, Electrical-Resistance 
and Electric-Furnace Alloys, B-6 on 
Die-Cast Metals and Alloys, and B-8 on 
Electrodeposited Metallic Coatings; and 
three members-at-large serving for a 
term of three years, namely, W. H. 
Finkeldey, L. W. Hopkins and F. L. 
LaQue. The committee will concern 
itself with corrosion investigations, re- 
searches, test procedures, etc., in so far 
as these apply to metals and alloys. An 
Outline of Scope of Activities and Func- 
tions of the committee has been prepared 
which defines the activities of the com- 
mittee in such matters as reviewing 
programs of work on corrosion problems, 
reviewing reports and investigations, 
standardizing definitions and test pro- 
cedures, assuming jurisdiction over cor- 
rosion test sites, and acting in an 
advisory capacity to the Executive Com- 
mittee 71.1 Committee E-9 on Research 
in various matters. It is expected to 
hold the organization meeting of the Ad- 
visory Committee during the present 
annual 
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Several questions of jurisdiction in the 
matter of standards have received the 
consideration of the Executive Com- 
mittee during the year, one of which was 
a re-opening by Committee A-5 on Cor- 
rosion of Iron and Steel of the decision 
reported last year that jurisdiction over 
Tentative Methods of Test for Local 
Thickness of Electrodeposited Coatings 
on Steel (A 219-40 T) be transferred 
from Committee A-5 to the newly organ- 
ized Committee B-8 on Electrodeposited 
Metallic Coatings. While this transfer 
was acceptable to Committee A-5 at 
that time it has since developed that 
because specifications for this type of 
coating are under the jurisdiction of 
Committee A-5, that committee desired 
joint jurisdiction with Committee B-8 
over the methods. Having ascertained 
that this would be agreeable to Com- 
mittee B-8, the methods in question have 
now been placed under the joint juris- 
diction of Committees A-5 and B-8. 

The question of jurisdiction in the 
matter of specifications for various 
nickel-chromium-iron alloy products, in 
view of certain specifications in this 
field having been submitted to Com- 
mittee E-10 on Standards by Committee 
B-2 on Non-Ferrous Metals and Alloys, 
was raised by Committee A-10 on Iron- 
Chromium, Iron-Chromium-Nickel and 
Related Alloys since the material covered 
would seem to be closely allied to ma- 
terials that normally fall under the 
jurisdiction of Committee A-10. This 
matter was referred to a coordinating 
committee consisting of representatives 
of Committees A-1 on Steel, A-10, B-2, 
and B-4 on Electrical-Heating, Elec- 
trical-Resistance and Electric-Furnace 
Alloys. In view of the relatively low 
iron content of the products covered, the 
particular specifications in question 
were definitely considered to be under the 
jurisdiction of Committee B-2 and were 
so assigned. It was agreed that in the 
future any specifications in this general 
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field developed by any of the committees 
should immediately be brought to the 
attention of the other committees repre- 
sented on the coordinating committee. 

Committee E-10 on Standards has 
recommended that jurisdiction over 
Tentative Method of Salt Spray Testing 
of Non-Ferrous Metals (B 117 — 41 T) 
be transferred from Committee B-3 on 
Corrosion of Non-Ferrous Metals and 
Alloys to Committee E-1 on Methods of 
Testing inasmuch as the scope of the 
tentative method is being expanded to 
apply to the testing of organic preserva- 
tive coatings and the method is also of 
interest to several other committees. 
This matter is now being discussed with 
the standing committees concerned look- 
ing toward the proposed transfer of 
jurisdiction. 

Changes in scopes of Committees B-4 
on Electrical-Heating, Electrical-Resist- 
ance and Electric-Furnace Alloys, D-20 
on Plastics and E-4 on Metallography 
have been approved by the Executive 
Committee at the request of these com- 
mittees. The revised statements of 
scope, with the modifications shown in 


italics, are, respectively, as follows: = = 


Committee B-4: 


“Committee B-4 has jurisdiction over the 


classification, specification requirements, 
methods of test, questions of utility and re- 
lated subjects pertaining to wrought and 
cast metallic materials and parts for elec- 
trical heating and electrical resistance, for 
the structure and containers of electric fur- 
naces, thermostatic metals and alloys, metal- 
lic materials for vacuum tubes and incan- 
descent lamps, and materials for 
contacts.” 


““The development of test methods and 
specifications applicable to the finished 
products (molding materials, sheets, tubes 
and rods, and molded or fabricated articles) 
in the field of plastics. The scope does not 
include electrical tests, and materials used 
in the paint industry and rubber industry, 
which are covered by other committees.” Ba. 
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Committee E-4: 


“Methods and technique of examination 
of all metallic substances by microscope and 
X-ray diffraction; methods and standards 
of measurement of grain sizes of and inclu- 
stons in metals and alloys; methods and 
recommendations for photography as ap- 
plied to metallography; methods of thermal 
analysis of steels; definitions of terms re- 
lating to metallography.” 


Emergency Standardization Procedures: 


Since the last annual meeting con- 
siderable thought has been given in the 
Executive Committee and Committee 
E-10 on Standards to the question of 
temporary modification of A.S.T.M. 
standards and the establishment of new 
standards to meet the war emergency, 
and while the procedure adopted has 
been published in the ASTM BuLLetin 
and the Year Book it is included here in 
its present form as a matter of official 
record, particularly since the procedure 
has been somewhat extended so as to 
apply to completely new emergency 
standards. 


PROCEDURE FOR EMERGENCY PROVISIONS 
AND STANDARDS 


Emergency Alternate Provisions are 
issued by the Society in the interest of ex- 
pediting procurement or conservation of 
materials during the period of National 
Emergency. They are intended for use 
where they may be considered by the pur- 
chaser of the material as a permissible alter- 
nate for the specific application or use 
desired. 

Such emergency alternate provisions shall 
first have the approval of the appropriate 
subcommittee of the sponsoring committee 
or duly appointed subgroup of that sub- 
committee and shall have the endorsement 
of the chairman of the main committee. 
The emergency provisions shall then be sub- 
mitted to Committee E-10 for approval for 
publication. If approved they shall be 
published with the specification either in 
the form of a sticker or as an accompanying 
sheet and shall also be e published i in the next 
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succeeding issue of the ASTM BuLtetin 


Any emergency provisions approved during 
the year shall be recorded in the next annual 
report of the standing committee. All such 
provisions are subject to annual review and 
the standing committee shall annually re- 
port its recommendations with respect to 
them. 

A.S.T.M. standing committees may als 
find it appropriate to issue complete A.S 
T.M. emergency standards which in many 
instances may be alternates to existing 
specifications, which latter specifications 
will be suitably marked. The procedure t 
be followed by the committee in the develop 
ment of such emergency specifications shall 
be the same as that indicated above for th 
approval of emergency alternate provisions 


The annual report of Committee E-1( 
on Standards contains a detailed state- 
ment of the emergency alternates and 
emergency specifications that have been 
issued to date. 

In addition to the matter of emergency 
standards, consideration has been given 


to several procedural questions in con-§ 


nection with the conduct of committee 
activities under war conditions. One 
important deviation from regular prac- 
tice that has resulted is the authority 
that has been given to standing com- 
mittees, who have found it impossible to 
hold meetings for the purpose, to act by 
letter ballot on the adoption as standard 
of existing tentative standards and tenta- 
tive revisions of standards, subject to 
confirmation at a meeting of the com- 
mittee to be held during the annual 
meeting. 

Another important change in pro- 
cedure is the modification that has been 
made in the Regulations Governing 
Standing Committees covered in the fol- 
lowing section. 


Modification of Regulations Governing 
Standing Committees: 


The Executive Committee and Com- 
mittee E-5 on veneeg Committees 
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have agreed on the desirability of modi- 
fying the procedure under which 
standing committees may act upon 
recommendations dealing with stand- 
ards, so that instead of requiring all 
actions to be taken only at meetings of 
the main committee, certain types of 
recommendations may be referred im- 
mediately to letter ballot on the recom- 
subcommittee. At 
present some of our committees have the 
major discussions on standards at meet- 
ings of the main committee, but others 
are so organized that recommendations 
dealing with standards—either the for- 
mulation of a new standard or a revision 
of an existing standard—are given full 
consideration in a duly constituted 
subcommittee so that action on the part 
of the standing committee at a meeting 
may become something of a formality. 
It is expected that the modified proce- 
dure will expedite the work of a number 
of committees, particularly in the case 
of subcommittee work completed in the 
interim between meetings of the main 
committee and, as will be seen from the 
wording suggested, suitable safeguards 
have been provided to insure considera- 
tion being given to negative viewpoints 
by requiring that the entire committee 
be advised of those voting negatively in 
the subcommittee with the reasons 
therefor and by permitting committee 
chairmen to hold recommendations for 
review at a meeting of the standing com- 
mittee if any negative viewpoint is 
expressed in the letter ballot of the 
standing committee. 

The following change in Section 14 
of the Regulations Governing Standing 
Committees is therefore announced, with 
the intention that it shall become effec- 
tive at the close of the present annual 
meeting: 

Change the first sentence of Section 
14 by the insertion of the italicized 
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words and the omission of the words in 
brackets: 


14. Procedure Governing Recommenda- 
tions on Standards.—Committee recom- 
mendations [of standing committees] affect- 
ing standards shall normally be agreed upon 
[only] at regularly called meetings [called for 
that purpose]. 


Add the following as a new second 
paragraph of Section 14 after the present 
second sentence: 


When recommendations affecting stand- 
ards have been approved by letter ballot 
vote in a subcommittee, they may, at the 
discretion of the chairman of the standing 
committee, be referred directly to letter 
ballot vote of the standing committee with- 
out authorization at a meeting of the stand- 
ing committee, provided such recommenda- 
tions are accompanied by a supporting 
statement together with the results of the 
letter ballot vote in the subcommittee, in- 
cluding a list of those voting negatively 
with the reasons therefor. If any negative 
viewpoint is recorded in the letter ballot in 
the standing committee, the chairman, at 
his discretion, may hold the recommendation 
for review at a meeting of the standing com- 
mittee and the recommendation shall be 
held for such review if a negative vote of 
10 per cent or more of those voting is cast. 


District Committees: 


Even though several of the district 
committees have not found it possible to 
sponsor local meetings during the year 
because of inability to obtain certain 
speakers whose speaking activities have 
been much curtailed by pressure of 
emergency matters, each of the com- 
mittees has rendered service to the 
Society through membership promotion 
work and in other ways. All of these 
activities are appreciated by the Execu- 
tive Committee. The district commit- 
tees occupy an important place in the 
Society’s organization, providing a direct 
contact through local meetings and 
other ways with many members — de 
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not find it possible to attend the annual 
or spring meetings, and generally assist- 
ing in the promotion of the Society’s 
interests in the areas where the district 
committees function. 

The Headquarters’ staff has co- 
operated with committees that sponsored 
local meetings during the year and is 
prepared to continue this cooperation by 
assisting in obtaining speakers and 
handling various details. 

The Chicago District Committee is 
cooperating closely with the local Office 
of Civilian Defense in connection with 
the study of specifications for blackout 
materials. 

As announced in the March ASTM 
BuLLETIN, the Detroit District Commit- 
tee has become an affiliate member of 
the Detroit Engineering Society. 

As noted later in this report, the 
Executive Committee has accepted an 
invitation from a group of members 
in the Buffalo and Western New York 
area to hold the 1943 Spring Meeting in 
Buffalo, and a Local Committee on 
Arrangements is being organized with 
B. L. McCarthy, Wickwire Spencer 
Steel Co., W. H. Lutz, Pratt & Lambert, 
Inc., and T. L. Mayer, Department of 
Technology, Buffalo Public Library 
serving as temporary chairman, vice- 
chairman, and secretary, respectively. 
Recommendations by this group for 
the formation of a new district committee 
are before the Executive Committee for 
consideration. 

It is planned to include in the August, 
1942, ASTM BvuLLeETIN announcements 
of new officers and members of the 
various district committees. 


Meetings: 


Since the meetings held during the 
past year have been described fully in 
the ASTM BuLLETIN, it is sufficient 
here to cite them as a matter of record 
with a note of appreciation from the 
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Executive Committee to the numerous 
members who helped to make the meet 
ings successful. 

Because the 1941 Annual Meeting in 
Chicago, June 23 to 27, was so out- 
standing, it seems well to include a short 
note concerning this event. With one 
of the strongest technical programs yet 
developed, it also marked a new high in 
attendance—1553 registrations, with 
more members, committee members and 
visitors attending than ever before. 
The Local Committee on Arrangements, 
which consisted of the Chicago District 
Committee together with a number of 
other active Society members, headed 
by E. R. Young, functioned splendidly 
in handling its various responsibilities 
including the planning of a technical 
session of local interest (sponsored 
jointly with the Western Society of 
Engineers), golf tournament, extensive 
ladies entertainment program, and par- 
ticularly the very successful cocktail 
reception and officers’ night, a new 
feature for the A.S.T.M. 

The 1942 Committee Week was held 
in Cleveland, March 2 to 6, 1942, with 
numerous Society committees partici- 
pating. Because of the war emergency 
no spring meeting with its customary 
technical symposiums or sessions was 
held. The total registration for the 
week was 520, which while smaller than 
in recent years was considered excellent 
under the circumstances. The Cleve- 
land District Committee assisted in 
developing plans for the committee 
meetings. 

The following local meetings were held 
under the auspices of the respective 
district committees: in Los Angeles, 
October 28, 1941, an open forum on 
the subject ‘Specifications, Their Im- 
portance in the Present Emergency”; 
in Philadelphia, December 5, 1941, on 
the subjects “Aircraft Engines,” ‘“Air- 
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and “Emergency Specifications”; in 
Philadelphia, January 12, 1942, on the 
subject “Fatigue Testing Applied as a 
Materials Acceptance Test” with a col- 
ored movie ‘‘America the Beautiful’; 
in Pittsburgh, March 30, 1942, on the 
subjects ‘“‘Rubber and the War,” ‘‘Gaso- 
line and the War,” and “Materials 
Standards and the War’’; in Philadel- 
phia, April 30, 1942, on the subjects 
“Textiles,” ‘Rubber,’ and a colored 
sound movie entitled “Unfinished Rain- 
bows’’; in Philadelphia, May 15, 1942, 
a joint meeting sponsored by the 
Philadelphia District Committee and 
the Department of Physics of the 
University of Pennsylvania on the sub- 
ject “Physics of Pigments and Glasses,” 
with three technical sessions. Accounts 
of each of these meetings have appeared 
or will appear in the ASTM BvuLtLetTIn. 

It will be noted that the Philadelphia 
District Committee under the chairman- 
ship of F. G. Tatnall has been particu- 
larly active. Each of the four meetings 
it has sponsored has been very successful, 
and the Executive Committee is appre- 
ciative of the intense interest of this 
group. 

In connection with these local meet- 
ings, it is pertinent to note that each 
committee sponsors a meeting with a 
definite objective in mind. While there 
are occasional critical comments on the 
large number of meetings sponsored by 
local sections and chapters of various 
societies, it seems obvious that the 
occasional meetings sponsored by the 
A.S.T.M. district committees in their 
localities should have a very desirable 
effect in knitting together the members 
in the particular area, especially when 
there is a program of an educational 
and instructive nature, as is usually 
the case. 

The Executive Committee announces 
that the 1943 Spring Meeting and 


A.S.T.M. Committee W eek will - held 
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next March in Buffalo, N. Y. Because 
of uncertainties incident to the war 
emergency no decision has as yet been 
reached concerning the location of the 
1943 annual meeting or whether an 
Exhibit of Testing Apparatus and Re- 
lated Equipment, which has been held 
since 1931 at two-year intervals, will be 
held next year. 


Publications: 


The magnitude of the publication 
activities during the past year has 
increased somewhat over the previous 
year due primarily to the Book of 
Standards Supplements being consider- 
ably larger than in the previous years, 
and also due to the fact that three 
additional compilations of standards 
have been established, sponsored respec- 
tively by Committees B-4 on Electrical- 
Heating,  Electrical-Resistance and 
Electric-Furnace Alloys, B-5 on Copper 
and Copper Alloys, Cast and Wrought, 
and (jointly) C-9 on Concrete and 
Concrete Aggregates and D-4 on Road 
and Paving Materials. Added to this 
has been the necessity of handling as 
a special publication matter the printing 
as stickers of some 50 Emergency Alter- 
nate Provisions in existing standards 
and 6 complete new Emergency 
Standards. 

A publication worthy of special com- 
ment is the X-ray Diffraction Data 
Cards. This comprises the printing of 
some 4000 cards, containing data on 
the X-ray diffraction constants of some 
1300 compounds; 250 sets of the cards 
have been printed. This index is of 
considerable utility in identifying these 
compounds after the X-ray diffraction 
constants have been determined. 

Another publication of interest is 
the Cotton Yarn Appearance Standards, 
comprising twenty 53 by 10-in. photo- 
four grades each of 
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five groups of yarn numbers. They 
were formerly published by the Depart- 
ment of Agriculture, but the Society 
was asked to reproduce the charts and 
take over their distribution. 

The demand for the special compila- 
tions of standards continues to grow, as 
evidenced by the following list: 


A.S.T.M. Standards on Electrical-Heating 
and Resistance Alloys (Committee B-4), 111 
pages (plus 39-page paper laid in the compila- 
tion), 750 copies, 18 standards, first issue of com- 
pilation, will probably be published annually. 

A.S.T.M. Standards on Copper and Copper 
Alloys (Committee B-5), 360 pages plus 1 EA 
sticker and 1 insert plate, 1200 copies, 82 stand- 
ards, first issue of compilation, will probably be 
published annually. 

A.S.T.M. Standards on Cement (Committee 
C-1), 103 pages, 2000 copies, 10 standards, 
published annually. 

A.S.T.M. Standards on Mineral Aggregates 
(Committees C-9 and D-4), 140 pages, plus 1 


.insert color plate, 1000 copies, 50 standards, 


first issue, will probably be published annually. 

A.S.T.M. Standards on Petroleum Products 
and Lubricants (Committee D-2), 406 pages, 
5000 copies, 83 standards, published annually. 

A.S.T.M. Standards on Electrical Insulating 
Materials (Committee D-9), 460 pages, plus 1 
insert plate, 750 copies, 59 standards, published 
annually. 

A.S.T.M. Standards on Rubber Products 
(Committee D-11), 288 pages, plus 1 EA sticker, 
1200 copies, 39 standards, published biennially 

A.S.T.M. Standards on Textile Materials 
(Committee D-13), 399 pages, 1600 copies, 69 
standards, published annually. 

Selected A.S.T.M. Standards for Students in 
Engineering, two printings: first printing, 240 
pages, 3000 copies, second printing, 248 pages, 
6000 copies—37 standards. 


The following regular publications 
were issued and distributed to the 
members: 


1941 Proceedings, 1388 pages, plus 1 insert 
plate, 5000 copies. In addition preprints of 
reports and papers totaled 1309 pages, 1600 


copies. 
1941 Supplements to Book of Standards: 
Part I, 619 pages, plus 1 EA sticker and 2 
insert plates, 6850 copies. 
as Part II, 449 pages, 5450 copies. 
Part III, 663 pages, plus 1 EA sticker, 
5100 copies. 


Index to Standards Including Tentatiy 
Standards (1941-1942), 196 pages, 17,000 copie 

Year Book, 336 pages, 3500 copies. 

ASTM BUwLLETI, six issues, August, 1941, 
to May, 1942, 408 pages, average edition, 6700 
copies. 


The following symposiums, held at 
the Washington Spring Meeting in 
1941, were published and furnished to 
members on order: 

Symposium on Color, 85 pages, 2500 copies. 

Symposium on New Methods for Particle 


Size Determinations in the Subsieve Range, 117 
pages, 2000 copies. 


A statement of the volume of the 
principal publications for the past four 
years follows. This statement is not 
truly comparative for 1938 because most 
of the standards published that year 
were in single-column format which has 
now been replaced by double-column 
style: 


“we 1938, 1939, | 1940, | 1941, 
Dubtieations pages | pages | page | pages 
Proceedin: 2084% | 1352 1403 1388 
Book ~ 
Standards. . 3794 
Supplements to Book 
of A.S.T.M. Stand- 
A. Ss TM. Methods of 
Chemical Analysis 
of Metals........... 35 256 
Index to A.S.T.M. 
Standards and Ten- : 
tative Standards.. 128 160 172 196 
286 304 320 336 
Book of A.S.T.M. 
Tentative Stand- 
1796 | (Discontinued as sepa- 
rate publication) 
Spring Meeting Sym- 
57 251 100 202 
4637 6117 3440 3853 


@ Includes new tentative standards and tentative revi- 
sions of existing standards, under present plan published 
in Book of Standards and Supplements thereto. 


The following publications were also 
issued, the first two being reprints from 
the Proceedings: 


Report of Committee A-5 on Corrosion of 
Iron and Steel, 29 pages plus 1 insert table, 500 
copies. 

Symposium on Problems and Practice in 
Determining Steam Purity by Conductivity 
Methods, 84 pages, 3500 copies. 


Cla 


Honorar, 
Perpetui 
Sustainin 
Compan; 
Individu 
Junior... 

Tota 


Student. 


*Los 


The 
Tests 
gates, 
menti 
Execu 
way, 
cation 
summ 

The 
gates, 
report 
to th 
carries 


As | 


erning 


Inde 
(1936- 
Imp 
Metals 
pages, 
Ten 
Coatiny 
each pr 
X-ré 
Analys 
Ten 
Iron 
at 5-in. fa 
ae sets of 
20,000 
5000 ce 
Ly 
‘to Rules 
B.1 


731 


revi- 
lished 


also 
from 


on of 
e, 500 


ce in 
tivity 


Index to Technical Papers and Reports 
(1936-1940), 191 pages, 1500 copies. 

Impact Resistance and Tensile Properties of 
Metals at Subatmospheric Temperatures, 112 
pages, 1500 copies. 

Tentative Specifications for Electrodeposited 
Coatings (two printings), 23 pages, 1000 copies 
each printing. 

X-ray Diffraction Data File for Chemical 
Analysis, 3936 cards, 250 sets. 

Tentative Method for Evaluating Degree of 
Resistance to Rusting Obtained with Paint on 
Iron or Steel Surfaces (D 610-41 T), a 3 by 
5-in. folder of 16 sections, 500 copies. 

Standards for Cotton Yarn Appearance, 100 
sets of 20 photographs. 

Viscosity Temperature Charts: Chart A, 
20,000 copies; Chart C, 5000 copies; Chart D, 
5000 copies. 
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Dudley Medal limited consideration 
for the award to papers presented at 


annual meetings of the Society. Com- 


mittee E-6 on Papers and Publications — 
has recommended to the Executive 
Committee the desirability of including 
also papers presented at the spring 
meetings and possibly all papers pub- 
lished by the Society. As a result of its 
consideration the Executive Committee 
has modified the Rules Governing the 
Award to provide that all papers re- 
viewed by Committee E 6 on Papers and 
Publications and published in their 
entirety by the Society shall be eligible 
for award of the abner Medal. 


TABLE I. 
Membership Losses Additions Total 
Class of Membership | g |: 
3225 | 3306 | 87 64 19 3 13 241 173 | 254 
78 100 | 3 8 | «0 | 22 
Wa Shaisk  Wikaeius50%. 4470 | 4640 | 107 | 76 | 21 | 27 | 27 | 374 | 231 | 401 | 170 
| 437 | 419 | 20 m3 | 1 | 16 | | | sto | 292 
*Loss. 
The special Report on Significance of Membership: 


Tests of Concrete and Concrete Aggre- 
gates, a revision of the 1935 publication, 
mentioned in the 1941 report of the 
Executive Committee, is well under 
way, and it is expected that the publi- 
cation will appear sometime in the 
summer. 

The Symposium on Mineral Aggre- 
gates, also mentioned in last year’s 
report, has progressed less rapidly, due 
to the war effort, but work will be 
carried on as time permits. 


Rules Governing the Award of the Charles 
B. Dudley Medal: 


As originally worded the Rules Gov- 
erning the Award of the Charles B. 


The membership of the Society on 
June 1, 1942, was 4640, which is the 
highest in its history. Statistics show- 
ing gains and losses in various classes of 
membership are given in Table I. 


The net gain for the year of 170 
compares with 156 for the preceding 
year. Election to membership were 374 
exceeding those for the previous year 
by 4; losses from resignations and 
delinquencies were 183 compared to 191 
for the preceding year. There has been 
a significant gain in Junior Members 
from 78 to 100. The number of student 
was 419. 


| 
H 
‘ 
00 
| 
at 
in 
les. 
cle 
e 
1 
— 
10t 
ear 
has a 
mn 
41, 
388 
bes 
+ 
196 | 
336 
| 
epa- 
202 
—— Yar 
3853 : 
4 as 
ma 


The number of sustaining members 
has been increased by 12 as of June 1, 
making the total number of sustaining 
members 148. The names of the new 
sustaining members are as follows: 


Autocar Co., The 
Floyd Co., The 

Chase Brass and Copper Ca, tke 

Crucible Steel Co. of America 

General Dyestuff Corp. 

Koppers Co., Tar and Chemical Division 

Lukens Steel Co. 

Medusa Portland Cement Co. 


Newport Industries, Inc. yea 
Riverton Lime and Stone Co. rece 


Walworth Co., Inc. 
Worth Steel Co. 


The United Aircraft Corp. will become 
a sustaining member shortly replacing 
the present company membership of 
the Pratt & Whitney Aircraft Division. 

The Executive Committee expresses on 
behalf of the Society its thanks to these 
companies for their willingness to lend 
increased financial support to the So- 
ciety’s activities through this form of 
membership. 

The Executive Committee also ex- 
presses its thanks to the District Com- 
mittees and the many members of the 
Society who throughout the year have 
aided so effectively in the acquiring of 
new members. 

As announced a year ago, the Execu- 
tive Committee has authorized the 
Secretary-Treasurer to waive upon their 
request the dues of members of the 
Society who have entered the armed 
forces of their country. The names of 
such members will be retained on the 
membership rolls during the period of 
their service and they will retain all 
privileges of membership, save that the 
Book of Standards and the Proceedings 
will not be sent them. They will con- 


tinue to receive the ASTM BULLETIN. 


Only 15 members of those now in the 
armed services have requested such 
waiver of dues. Regarding membership 
on standing committees of members in 
service, the standing committees are 
privileged to take cognizance of any 
unusual conditions of this kind affecting 
the activity of their committee members 
and, if they desire, to place such mem- 
bers in an inactive status for the duration 
of the emergency. 

The Society has lost the following 
members through death: 


Date of 
1 
Calder, Robert James 1914 
1923 
1927 
Dunagan, Walter 1929 
1923 
Harrington, John Lyle.......................... 1916 
1923 
1896 
Keegan, Andrew W., Sv....................... 1940 
Lindenberger, Henry............................ 1935 
1935 
1922 
1928 
Thompson, Gustave W.......................... 1903 


The list of deceased members includes 
two Past-Presidents and MHonorary 
Members. Arthur N. Talbot, President 
1913-1914, and Gustave W. Thompson, 
President 1928-1929, both served the 
Society effectively from its early days 
and contributed largely to its progress. 
Many of the other deceased members 
were engaged in the technical work of 
the Society, George L. Norris having 
been particularly active in the work 
of the steel and other committees. 

Since instituted by the Executive 
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Committee in 1938, the Society has 
awarded certificates commemorating 
forty years of continuous membership 
to twenty-eight members. This year 
fifteen such awards will be made to the 
following members: 


J. E. Greiner 
N. F. Harriman 
W. M. Saunders 
H. E. Smith 
Bradley Stoughton 
J. L. Van Ornum 
Ajax Metal Co. 
International Harvester Co. 
Jones & Laughlin Steel Co. 
Lukens Steel Co. 
Sherwin-Williams Co. 
Standard Steel Works Co. 


Finances: 


Report for the Fiscal Year 1941.— 
The annual statement of the finances of 
the Society follows in the report of the 
auditors for the fiscal year, January 1 
to December 31, 1941. The report gives 
the balance sheet of assets and liabili- 
ties, including special and designated 
funds (that is, the Research Fund, 
Medal and Lecture Fund, and Commit- 
tee Funds); statement of receipts and 
disbursements, in which items are classi- 
fied into “operating” (budgeted) and 
“nonoperating”’; details of special funds; 
and investment of Society funds, both 
book and market values being given. 

Total receipts from dues and entrance 
fees in 1941 were $96,847.07, an increase 
of nearly $5000 over the preceding year 
—accounted for by the growth of mem- 
bership and the continued increase in 
the number of sustaining members. 
Receipts from sales of publications 
totaled $79,434.07 and reflect the con- 
tinued and increasing demand for the 
Society’s publications, especially the 


ANNUAL REPORT OF THE EXECUTIVE COMMITTEE 


Book of Standards and its Supplements. 
The receipts from the sale of Selected 
Standards for Students in Engineering 
($3158.27) is the largest for any one 
year and is due to its wide use in the 
National Defense Training Courses es- 
tablished throughout the country. Mis- 
cellaneous' receipts amounted to 
$23,219.46, consisting principally of 
receipts from advertising in the ASTM 
BULLETIN and Index to Standards, 
receipts from the Exhibit of Testing 
Apparatus and Equipment, interest and 
dividends, and registration fees. Re- 
ceipts from advertising in the BULLETIN, 
$8910.89, were the highest for any year. 
Total operating receipts were $199,- 
500.60. Total operating disbursements 
with all current bills paid (as detailed 
in the auditors’ report) were $181,497.91, 
which includes for budget comparison 
purposes the sum of $6000 applied from 
current income towards the reserve for 
publication of the 1942 Book of Stand- 
ards; also $1600 (one-half of the entrance 
fees) paid into the principal of the Re- 
search Fund and $1471.54 paid into the 
Employees’ Retirement Plan, as well as 
$733.13, expenses incurred in relation 
to the Emergency program on national 
defense. Thus a favorable budget bal- 
ance between operating receipts and 
disbursements of $18,002.69 has resulted. 
The auditors’ report includes a state- 
ment of the financial condition of the 
Society for the past five years. The 
surplus in the general funds account, 
exclusive of special and designated 
funds, is $96,034.51, which compares 
with $81,144.08 a year ago. In addi- 
tion, the Reserve for 1942 Book of 
Standards now totals $13,890.25. The 
principal of the Research Fund as of 
December 31, 1941, was $30,391.15. 
Investment of Society funds as of 
December 31, 1941, are given in the 
auditors’ report, both book and market 
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values being shown. The following 
changes in the investment portfolio are 
noted: 


GENERAL FUNDS 


Sold 
$3000 Whestes Soak Corp. ist Mtg. S.F.A 
1966 ( $3 150.00 
Bought Cost 
$4000 General ay Castings Corp. ist Mtg. 
3000 Pressed Steel Car Co., Inc. 15 yr. deb. 
5s, 1951. 2 868.75 
3800 U.S. Treasury Bonds 2} per cent, 1967- 
2000 U. S. Savings Bonds Series G, 1953. 2 000.00 
25 shares American Can Co., common 2 122.30 
“ American Cyanamid Co. 5 per 
cent Cumulative Preference 
40 Electric and Mfg. 
Westinghouse "Electric and Mfg. 
$18 417.50 
RESEARCH FUND 
Bought Cost 
25 shares Pittsburgh Plate Glass Co. 


No account has been taken in the 
accompanying financial statement of the 
assets of the Society in the form of 
publications in stock. An inventory of 
technical publications as of June 1, 
1942, may be summarized as follows: 


Number of 
Copies 
Index to Proceedings, 6 parts, 2 408 
1939 Book of A.S.T.M. Standards: 
Part Il 117 
Part Ill 98 
1940 Su to 1939 Book of ‘AS.T.M. 
Stan 
Part 1 300 
Part Ill. 879 
1941 Seapenente to 1939 Book of ‘A.S.T.M. 
Standar 
Part III 307 


Index to Standards and Tentative Standards. _ 772 
Selected Standards for Students in Engineering. 7 87. 
Reprints of Standards and Tentative e Stand- 


ards (approximate) “ah 
Special Reprints (approximate)............... 3 


1942 Finances.—The Society’s opera- 
tions for 1942 are based upon budgeted 
operating receipts of $199,000, of which 
$185,000 is estimated current receipts 
and $14,000 is applied to 1942 opera- 
tions from surplus. Receipts from dues 
and entrance fees are estimated at 

$97, 500; receipts sales of 
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tions at $72,000, of which about $22,000 
is expected to be realized from sales of 
the Book of Standards and its Supple- 
ments; miscellaneous receipts, including 
advertising, interest and dividends are 
estimated at $15,500. Disbursements 
have been estimated at $197,650, leaving 
$1350 for contingencies. The budget 
provides fully for all the Society’s 
normal operating expenses, including all 
current publications, activities of stand- 
ing and district committees, as well as 
additions to the clerical staff required by 
the growth of Society activities. P1 

vision has been made for increases 

salaries of members of the staff to meet 
in some measure the preset economic 
conditions; as a result, the, salary roll 
for 1942 on a basis comparable with 1941 
has been increased about 10%. The 
budget also includes the sum of $100 
to be applied to expenses that might 
need to be incurred in relation to the 
emergency program on national defense. 

The Executive Committee reviews the 
budget of receipts and disbursements 
quarterly and makes any adjustments 
that may be necessary. 

The following investments in United 
States Defense Bonds Series G have been 
made so far this year: $5000 for the 
General Account and $3000 for the Re- 
search Fund. These investments do not 
appear in the current auditors’ report. 
They bring the total book value of 
Society investments as of May 31, 1942, 
in all funds to $137,982.44; the market 
value of these securities on the same 
date was $102,134.73. The Society’s 
cash balance on May 31, 1942, was 
$97,552.57. 


Retirement Plan for Employees: 


The Retirement Plan for A.S.T.M. 
Employees has, as of May 3, 1942, been 
in effect for four years along the lines 
set forth in previous reports. Of the 
3 hacen now on the Society’ s stafi 
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REPORT OF THE AUDITORS FOR THE FISCAL YEAR, JANUARY 1, TO DECEMBER 1, 1941 
Philadelphia, January 7, 1942. 


yple- Mx. C. L. Warwick, Secretary-Treasurer 
ding AMERICAN Socrery ror TEsTING MATERIALS ged 
ving We have examined the books and accounts of your Society for the period from er 1, 1941 
lo to December 31, 1941. We did not make a detailed audit of all transactions, but made extensive 
om) tests to determine the accuracy of your records. 
et We have prepared and submit herewith Balance Sheet as of December 31, 1941, Statement of 
oO Cash Receipts and Disbursements for the year ended that date, and other supporting schedules, all 
y of which are in agreement with the records of your Society. In our opinion, these statements present 
al fairly the financial position of the Society at December 31, 1941, and the results of its operations for By A ua 
‘I the year then ended. “iN 
d by The investments owned by the Society, as detailed herein, were examined by us. All income from ihe 
: investments was properly accounted for. ay 
Pro Respectfully submitted, Coan 
es in Joun Hetns & Co. 
the Less checks drawn as of December 31, 1941—Cost 
tense Proceedings ($12 380.00) and 1941 Supple- 
ue dba ment to Book of Standards ($11 375.05) in peat iy 
the hands of Secretary-Treasurer that date....... 23 755.05 
nents $18 206.61 
nents Investments (Market Value, $69 267.51)—Cost............ 88 001.45 .. 
mited Total Current Assets—General $120 329.05 
nite Furniture and Fixtures (depreciated book value).......... 440.58 
r the 
- Re- Special and Designated Funds: 
Jo not Dudley Medal and Marburg Lecture Fund.................... 596.80 
ue of 
1942 Investments: 
“1 A.S.T.M. Research Fund (Market Value, $21 205.38) 
same Dudley Medal and Marburg Lecture Fund (Market 
ciety 's Committee Funds (Market Value, $6 394.38)— 
was 
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Total Special and Designated $51 707.87 
Total Asse 


General Funds: 


Current: Accounts Payable: 
Committee A- 


Total Current Liabilities—General Fund 
Life Membership Fund 
Book of Standards Reserve 
Executive Retirement Reserve 
Retirement Fund Reserve 
Surplus 


1 
122 832.19 
Total General Funds $126 769.63 


Special and Designated Funds: 
A.S.T.M. Research Fund: 
$30 391.15 
1 256.95 
Prine Medal and Marburg Lecture Fund: 
Principal 


Committee Funds 
Total Special and Designated Funds 
Total Liabilities and Funds $178 477.50 


<2) 


Assets Liabilities 


At Close of | 
Accounts Accounts | 
Fiscal Year Invest- | Recsiveble Pa able | 


—. | cellaneous | Fixtures Mis- | Standards | Funds 


$37 599.49 | $10 506.78 
39 568.24 9 609.00 
54 902.10 
72 568.95 
88 001.45 
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LIABILITIES 
i 
309.75 
617.9) 
O bers 
| 
48.10 
+ 
— 221.80 
Mi 
1 
ComMPARISON OF GENERAL Funps For Fiscat YEARS 1937-1941, INCLUSIVE 
ae: 1937............| $20 686.08 $2 140.8 $9 061.76 | $58 619.60 
283.88 8 898.99 57 332.84 
AL 9 329.65 6 467.27 5 777.01 12 000.00 9 685.40 58 117.14 
1940............] 608.61 6561.93 | 3380.25 7890.25 | 9713.79 |- 81 144.08 
nd as pes 1941............] 18 206.61 6 440.58 3 937.44 13 890.25 12 907.43 96 034.51 
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RECEIPTS AND DISBURSEMENTS 
For THE Perrop Enpep DecemBer 31, 1941 
Cash balance, January 1, 1941 


Operating Receipts (Budgeted): 
Dues and Entrance Fees: 


Income, Life Membership Fund 
Entrance Fees 
Sale of Publications: 
Book of Standards (Members, additional parts) 
1940 Supplement to Book of Standards 
1941 Supplement to Book of Standards............... 
Methods of Chemical Analysis of Metals 
Collective Index to Papers and Reports............... 
Selected Standards for Students in Engineering 
Bulletin Subscriptions (Non-Members) 
Special Reprints and Miscellaneous 


Miscellaneous: 


Registration and Other Fees, Annual Meeting 
A.S.T.M. Exhibit, Annual Meeting................... 
Committee A-1 for Technical Assistant 
Miscellaneous 


Nonoperating Receipts (Not Budgeted): 
Investments, Matured or 
Committee C-1 for Technical Assistant 


nail Executive Retirement Reserve Income................ 


x 
Yo ‘ 
a 
$79 434.07 > 
878.53 
; 
— 
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Brought forward 


Operating Disbursements (Budgeted): 
Publications: 


1941 Supplements to Book of Standards 
Methods of Chemical Analysis of Metals whis 


8 263.62 
1 570.30 txt 


4 J 
2 523.24 
_ Collective Index to Papers and oe 48 .38 
_ Reprints (Reports, Papers, Symposiums, etc.).......... 11 506.18 
__ Miscellaneous Printing (Authors’ Reprints, etc.)........ 
_ Resetting Standards (double-column) 


Total Disbursements, Publications 


Salaries 

General Office Expenses 

Aas, __ Expenses, Standing and District Committees 

Expenses, Meetings and A.S.T.M. Exhibit 
Traveling Expenses, Administrative and Special Committees 
American Standards Assn. and Sectional Committees 
Rent, Headquarters 

4 ay) Furniture and Fixtures 
Principal, A.S.T.M. Research Fund (one-half current year’s entrance 
fees 

Retirement Fund 
Emergency National Defense Expense 
Miscellaneous (Dues, Contributions, 


Total Operating Disbursements (Budgeted) $175 497.91 


mopereting Disbursements (Not Budgeted): 
Investments $18 417.50 
Accrued Interest 103.72 = 
Refund of Excess Remittances 
Technical Assistant, Committee C-1 1 600.00 
Headquarters Fund 
Total Nonoperating Disbursements 
Total Disbursements $196 157.02 
$18 206.61 
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@ This amount includes $11, me - cevesing checks drawn against cost of 1941 Supplement to the Book of Standards but 
not eet paid on December 3 
is amount includes $12,380: 0 ~ checks drawn against cost of Proceedings, but not actually paid on December 
3M, 
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In addition to the general funds of the Society, the Goceetary-Treseurer has on hand the following 


funds as of December 31, 1941: Al ego 
A.S.T.M. Researcn Funp 
Uninvested 

Total Invested Cash 
Principal Account: 
Balance January 1, 1941.......... $28 791.15 $27400.99 $1 390.16 
Receipts: 
Contribution—A.S.T.M. Current Entrance Fees....... +1 600.00 +1 600.00 Bas } 
$30 391.15 $27400.99 “$2990.16 
Disbursements: Purchase of Securities.................. +1955.00 —1 955.00 ae 
Balance, December 31, $30 391.15 $29355.99 $1 035.16 

Refund, University of Illinois, Speed of Testing (Com- Fes = 

Study to Determine Results of Empirical Flow Tests eats ie) 

(Committee E-1) (Brooklyn Polytechnic Inst.)...... $500.00 

Soil Tests (Committee D-18) (Dartmouth College)... . . 19.00 > 

Research Committee on Fatigue of Metals............ 800.00 $1 319.00 ae 


Cash Balance, December 31, 1941 


DuptEyY MEDAL AND MARBURG LECTURE 


$6 625.00 


Balance, January 1, 1941: 
Principal—Investment (at cost) 
Income—Cash 


Interest on Investments 


Engrossing 1941 Lecture Certificate 
Honorarium, 1941 Lecturer 
Cost of 1941 Medal 
Miscellaneous 


Balance, December 31, 1941: 
Principal—Investment (at Cost) 
Income—Cash 


Committee A-1 on Steel 
Committee A-5 on Corrosion of Iron and Steel 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys 
Committee B-6 on Die-Cast Metals and Alloys 
Committee C-1 on Cement 
Committee C-1—Cement Reference Laboratory 
Committee C-9 on Concrete and Concrete Aggregates 
Committee C-9—Sanford E. Thompson Medal Fund 
Committee C-15 on Manufactured Masonry Units 
Committee C-18 on Natural Building Stones and Slate 


Committee D-2 on Petroleum Products and Lubricants 
Committee D-5 on Coal and Coke 
Committee D-13 on Textile Materials 
Committee D-13—Testing Textile Finishes 


A.S.A. Sectional Committee on Specifications for Cast-Iron Pipe and Special 


Castings 
Research Committee on Fatigue of Metals 
Total Committee Funds 
Accounted for as follows: 
Cash Balance, December 31, 1941 
Investments—at cost 


Committee D-1 on Paint, Varnish, Lacquer and Related Products. ' 3 


"$1 256.95 


q 
$6 837.97 
‘| 


SOCIETY FOR TESTING MATERIALS ES 
ie (AS OF DECEMBER 31, 1941) 


or Par 


Value 

Bonds , 

$3000 Armour & Co., of Del., First Mortgage, 20-yr., 
Sinking Fund, Series C, 4’s, due 195 

9000 Balto. & Ohio R. R., Refunding and General 
Mortgage 5’s, Series F, due 1996 

2000 Columbia Gas & Electric Co., Debentures, 5’s, 


500 Florida Power & Light Co., First Mortgage, 5’s, 
due 1954 

4000 General Steel Castings Corp., First Mortgage, 
Series A, 5}’s, due 1949 

3000 Michigan Consolidated Gas Co., First Mortgage, 


2000 North Station Industrial Bidg., Inc., First Mort- 
gage, Sinking Fund, 5’s, due 1962 

4000 N. Y., Chicago & St. Louis R. R., Refunding 
Mortgage, Series C, 44’s, due 1978 

3000 Pressed Steel Car Co., Inc., 15-yr. Debentures, 5’s, 


Stock 


30 Alvin Progressive Federal Savings & Loan Assn.°. 
25 American Can Co., common mid 
13 American Cyanamid Co., 5 per cent Cumulative 
preference 
50 American Cyanamid Co., Class B common 
100 American Radiator & Std. Sanitary Corp., common 
25 American Tobacco Co., common 
100 Atlantic Refining Co., common, par value $25.... 
100 Borden Co 
25 Colgate-Palmolive-Peet Co., $4.25 preferred 
30 Collingdale Federal Savings & Loan Assn.”....... 
50 Gen. Elec. Co. common, no par value. 
50 General Telephone Corp. $2.50 preferred... 
50 Great Northern Ry. $6 preferred par value $100. . 
25 Hazel Atlas Glass Co 
100 S. S. Kresge Co., common 
100 Mathieson Alkali Works, common, no par value. . 
25 J. C. Penney Co., common 
100 Public Service Corp. of N. J., common 
25 Sears, Roebuck & Co., Capital 
200 United Gas : Improvement Co., common 
50 U.S. Gyps 
Elec. & Mfg. Co., common 
Westinghouse Elec. & Mfg. Co. '(dividend sheen). conti 


$168 
wou 


securities indicated b y footnote*. These values were obtained from brokers as of December 31, 1941. creas 
In the eheenes: ofa quoted market value, these securities are included at their cost which is equal to their face value. § incor 
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* Market values were taken from current financial publications with the exception of —> on inactive or unlisted 
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$2000 
Market 
Value 1000 
1500 
2000 
$2 955.00 $3: 123.75 
1500 
9106.55 2801.25 
2025.34 = 1990.0 
a 2000 
3000 
Me 
2000 U.S. Defense Savings Bond, Series G, due July 1, 
3800 U. S. Treasury Bonds, 24’s, due 1967-72......... _ 3800.00 3800.00 
$34 437.50 $28 167.50 $500 
i 
|) 
im 


ing 


POND 
$2000 First Mortgage Real Estate, 1315-1317 Spruce St., oy 5 
1000 Allis ‘Chalmers Mfg. Co., Convertible Debentures, 
1500 Balto. & Ohio R. R., General & Refunding, 5’s, 73%, 
1500 Florida Power & Light Co., First Mortgage, 5’s, 
3000 ~~ Station Industrial Bldg. Inc., First Mort- 
10.00 e, Sinking Fund, 5’s, due 1962"............ 2 812.50 
2000 N. v , Chicago & St. Louis, Refunding & Mortgage, 
5.00 Series 1 400.26 
3000 Republic Steel Corp., General Mortgage, Series B, 
10.00 3 000.00 3 105.00 
$15 258.35 
10.00 12 Consolidated Edison Co. of N. Y. $5 preferred. . $1 234.39 1 053.00 
‘ 29 Consumers Power Co. $4.50 preferred, no par value 2 914.50 y 2 697.00 
10.00 98 General Motors Corp., common, par $10°........ 6 504.75 ——_; + 
. 25 Pittsburgh Plate Glass Co., common....... .... 1 955.00 ca | 425.00 
0.00 100 United Gas Improvement Co., common......... . 1 489.00 — 
00.00 $29 355.99 205.38 
00.00 DUDLEY MEDAL & MARBURG LECTURE FUND 
67 . 50 $500 Balto. & Ohio R. R., Refunding & General Mort- * aan 
gage 6’s, Series C, due 1995.................. $550.00 175.00 
00.00 6000 Balto. & Ohio R. R., Refunding & General Mort- ter ; 
0000 gage 5’s, Series A, due 1995................4 6 075.00 1905.00 
$6 625.00 $2 080.00 
51.13 COMMITTEE FUNDS 
-0 U.S. Treasury Bonds, 23’s, due 1947—45........ $5 000.00 $5 300.00 
asks 000 U. S. Treasury Bonds, 2]’s, due 1960—55....... 1 000.00 1 094.38 
75,00 $6 000.00 $6 394.38 
12.50 Tete)... ‘$129 982.44 $98 947.27 
31.25 ¢ The income from these shares is, by agreement, paid to an annuitant. ! sens wide ie n'y 
75.00 
62.50 three are not yet eligible for participa- tions as A.S.T.M., it has been decided 
oe tion in the plan, and of the remainder, to maintain the Retirement Plan at its 
25.00 | 19 are participating. With the excep- present level, with the understanding 
he tion of some of the younger members that new employees will be admitted 
aaa of the staff all the participants are into the Plan as they become eligible and 
25.00 HM contributing 24 per cent or more of that additional contracts may be ar- 
aaa their salaries, and the Society’s annual ranged in some instances as a recognition 
517.00 | contribution at the present rate of about of years of service and to provide for a 
(00.01 [| $1680 is slightly under 23 per cent of the more equitable retirement income in 
267.51 | Salary roll. The Executive Committee _ relation to salary. 
would like to see this percentage in- C rene 
unlisted creased to provide better retirement 
e value 


incomes; but in view of the uncertainty 
of the times and the possibility that the 
Social Security Act may be amended to 
include within its scope such organiza- 
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The Society’s cooperative relations 
with other organizations have continued 
along well-established lines. News 
items in the ASTM Bu ttettn have told 
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a) Society a year ago. 


of various activities in this direction 
and these need not be repeated. Several 
happenings during the year, however, 
merit specific mention here. 

The Society’s contacts with the Ameri- 
can Standards Association constitutes 
one of its most important cooperative 
activities. The principal work has been 
more or less routine in nature, involving 
the submission of new and revised 
standards to the A.S.A. for approval 
as American standards, which is pre- 
sented in detail in the annual report of 
Committee E-10 on Standards. 

The Society has assumed joint spon- 
sorship with the American Association of 
Textile Chemists and Colorists for a 
new A.S.A. Sectional Committee on 
Fastness of Color Textiles and has 
designated W. M. Scott and A. G. 
Ashcroft as its representatives, with 
the Assistant Secretary as alternate. It 
has also accepted an invitation to be 
represented on a new A.S.A. Sectional 
Committee on Building Code Require- 
ments for Fire Protection and Fire 
Resistance, on which H. M. Robinson 
has been designated as representative 
with G. N. Thompson as alternate. 
R. P. Miller has been re-appointed for a 
term of two years as the Society’s 
representative on the Building Code 
Correlating Cormmittee.- F. S. Mapes 
has been appoini:d to represent Com- 
mittee D-13 on the Sectional Committee 
on Electrica! Insulating Materials and 
R. M. Havourd has been designated to 
represent Committee D-9 on Sectional 
Committee on Glass Insulators, to 
replace Merrill de Merit, resigned. 

The Society has continued to maintain 
contact through the American Standards 
Association with the subject of engineer- 

ing relations between the American 


Republics, to which quite a little atten- 


tion was devoted in the report to the 
Our entry into the 
war has, of course, profoundly affected 
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the political and economic relations of 
our country with the South American 
Republics, and while accentuating the 
importance of collaboration between the 
American Republics in the matter oj 
specifications and tests for materials it 
has at the same time interfered with 
discussions and development of plans 
that were under consideration a year 
ago. However, the Office of Inter- 
American Affairs has recently expressed 
considerable interest in the representa- 
tions that have been made to it by the 
A.S.A. for establishing some suitable 
means of promoting interchange of 
information on standards and discussions 
are currently being held that may lead 
to important actions. 

During the year the Society joined 
with the National Research Council in 
sponsoring a Joint Committee on Chemni- 
cal Analysis by X-ray Diffraction 
Methods, under the chairmanship of 
W. P. Davey of The Pennsylvania 
State College. Since that time the 
National Research Council decided to 
discontinue its Committee on X-ray 
and Electron Diffraction and to transfer 
its activities to the American Society 
for X-ray and Electron Diffraction, 
and this latter society is now joint 
sponsor with the A.S.T.M. for this 
project. The A.S.T.M. has handled for 
the Joint Committee the publication and 
sale of cards giving X-ray diffraction 
data for identification of chemical com- 
pounds and it is expected that part of the 
profits from the sales of these cards will 
be turned over to the Joint Committee 
to support its development work. 

Respectfully submitted on behalf of 
the Executive Committee, 

G. E. F. LUNDELL, 
Presideni. 
C. L. WARWICK, 

Secretary-Treasurer. 

June,1942. 
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Two situations have affected markedly 
the activities of Committee A-1 on 
Steel during the past year—first, the 
National Emergency created by the war; 
secondly, the fact that the year 1942 is 
the A.S.T.M. Book of Standards’ year. 

The war situation has led to several 
actions by the committee and its mem- 
bers, some of which are discussed below, 
including the National Emergency Steel 
Specifications’ activities and the develop- 
ment of emergency alternate provisions. 

Preceding the publication of the tri- 
ennial Book of Standards, Committee 
A-1 on Steel, like all other standing 
committees, is endeavoring to bring its 
specifications into the best possible 
shape for publication in the book. 


During the past year this has involved 


a review of the some 120 specifications 
for which it is responsible. As a result, 
a number of actions are being taken 
—Table I providing an analysis of the 
letter ballot vote, and indicating those 
tentative specifications and standards 
on which some action is proposed. The 
report also lists, with comment, emer- 
gency alternate provisions which have 
been issued, and discusses four tentative 
standards issued in April. 
Meetings—Three series of meetings 
have been held during the year: the first 
in Chicago, Ill., on June 24 and 25, 1941; 
the second in Philadelphia, Pa., on Janu- 
ary 12 and 13, 1942; and the third in 
Cleveland, Ohio, on March 2 and 3, 
1942. Including subcommittee and sec- 
tion meetings, the total number of meet- 
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ings held during the year has exceeded 
45. Despite the large number of other 
meetings which members of Committee 
A-1 have had to attend, including those 
of the various committees appointed as 
a part of National Emergency Steel 
Specifications project, there has been no 
diminution in the attendance at the A-1 
sessions which is indicative of the con- 
tinued close cooperation of a large per- 
centage of the committee personnel and 
the importance with which the work is 
viewed by the various representatives. 
A definite effort has been made during 
the year to conserve the members’ time 
by handling many matters through 
correspondence. 

Personnel.—Since the 1941 annual 
meeting, 20 new members have been 
elected and 5 resignations accepted, the 
committee membership now totaling 230, 
of whom 120 are classified as nonpro- 
ducers and 110 as producers; of the 
former, 90 are consumers and 30 are 
general interest members. In addition 
to the regular members, the committee 
has had the close cooperation of a 
number of consulting members who have 
served in connection with several sub- 
committee activities, notably in the 
development of specifications for pipe 
piles and the end-quench test for 
hardenability. 

Losses by Death—During the year 
Committee A-1 has lost by death 
five members: H. B. Bent, Bethlehem 
Steel Co.; J. C. Craven, Federal Ship- 
building and Dry Dock Co.; G. L. 
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Norris, Vanadium Corporation of 
America; Harold J. Stein, Allis-Chalmers 
Mfg. Co.; and W. E. Woodard, Lima 
Locomotive Works, Inc. The com- 
mittee records its appreciation of their 
interest and services. 


NATIONAL EMERGENCY STEEL 
SPECIFICATIONS 


Although Committee A-1 on Steel is 
not officially a part of the NESS project 
(announcements of which have appeared 
from time to time in the ASTM BUuLLeE- 
TIN) it seems appropriate in this report 
to record its development because co- 
operating closely in the work are a great 
many members of Committee A-1, 
representing both consumers and pro- 
ducers. Further, the work is bound 
to influence to some extent the commit- 
tee’s standardization activities. This 


project which has as its aim the increased 
production of steel by concentration on 
a minimum number of compositions, 


specifications, etc., was launched by the 
former Office of Production Management 
with three national organizations active 
in this field carrying out the work, 
namely, the Society of Automotive 
Engineers, the American Iron and Steel 
Institute, and the American Society for 
Testing Materials. Closely cooperating 
in the work are the War and Navy Depts. 
At the request of Donald M. Nelson, 
then Director of Purchases, the Society’s 
Secretary-Treasurer, C. L. Warwick, 
who was then serving as Consultant on 
Specifications in the Office of Production 
Management, was named Administrator 
and is Chairman of the Administrative 
Committee, which consists of representa- 
tives from the five bodies named. A 
statement of the objective and the 
supplementary statement are as follows: 


To establish as promptly as possible a selected 
list of steel specifications, to be designated as List 
of National Emergency Steel Specifications, 
which in effect involves the selection from speci- 
fications now promulgated of the minimum 


number of steel specifications, compositior 
and sections necessary to meet the requirement 
of National Defense, both direct and indirec 

It is believed that the productive capacity of 
the steel industry and of the manufacturing 
industries using steel for defense requirements 
can be materially increased within present 
facilities by concentration of production upon a 
reduced number of steels, particularly with re 
spect to alloy steels. 

It is understood that consideration must 
necessarily be given to civilian requirements for 
steel in establishing the List of National Emer- 
gency Steel Specifications. 

It is the intention of OPM, through its Iron 
and Steel Section, to use the List of National 
Emergency Steel Specifications as an aid in 
administering steel priorities and allocations. 


The representative of the Society on 
the Administrative Committee is N. L. 
Mochel, Manager, Metallurgical Engi- 
neering, Westinghouse Electric and Man- 
ufacturing Co., and Chairman of 
Committee A-1 on Steel, with Jerome 
Strauss, Vice-President, Vanadium Cor- 
poration of America and Chairman of 
Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel and _ Related 
Alloys as alternate. R. J. Painter, Staff 
Assistant, Committee A-1, has devoted 
considerable time assisting Mr. Mochel 
and in his capacity as Assistant to the 
Secretary A.S.T.M., has aided Mr. 
Warwick in various phases of the work 

In selecting personnel representing the 
consuming interests and the producing 
interests, it would be expected that 
many Committee A-1 members who for 
years have been active in the develop- 
ment of standard specifications for steel 
would be asked to serve on the various 
Technical Advisory Committees. Per- 
sonnels of these groups have been pub- 
lished in the October and December, 
1941, ASTM Bu Ltetins, and the Janu- 
ary and March, 1942, issues. Too much 
credit cannot be accorded these men for 
their services during this period when 
their other interests are demanding more 

and more of their time. 
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A list of the Technical Advisory Com- 
mittees, which have been organized, with 
their chairmen, follows: 


TAC 1 on Carbon Steel Plates—Oscar U. Cook, 


& Research, Tennessee Coal, Iron & Railroad 
Co. 

TAC 2 on Alloy Steel Plates—E. F. Kenney, 
Metallurgical Engineer, Bethlehem Steel Co. 

TAC 3 on Aeronautical Steels—J. B. Johnson, 
Chief, Materiel Laboratory, Air Corps, 
U. S.A. 

TAC 4 on Structural Steel Shapes—F. H. 
Frankland, Director of Engineering, American 
Institute of Steel Construction, Inc. 

TAC 5 on Rails and Track Accessories—H. H. 
Morgan, Chief Engineer, Robert W. Hunt Co. 

TAC 6 on Wrought Steel Wheel#-C. T. Ripley, 
Chief Engineer, Technical Board, Wrought 
Steel Wheel Industry. 

TAC 7 on Carbon and Alloy Steel Bars—John 
Mitchell, Metallurgical Engr., Alloy, Car- 
negie-Ilinois Steel Corp. 

TAC 8 on Concrete Reinforcement Steel—H. P. 
Bigler, Assistant to the President, Connors 
Steel Co. 

TAC 9 on Rolled or Forged Axles and Railroad 
Forgings—John D.Tyson, Chief Metallurgist, 
Standard Steel Works Division, Baldwin 
Locomotive Works. 

TAC 11 on Tubular Steel Products—T. G. 
Stitt, Chief Inspecting Engineer, Pittsburgh 
Steel Co. 

TAC 16 on Heavy Forgings—C. J. Boyle, 
Works Laboratory, General Electric Co. 


While no definite orders have yet been 
issued by the War Production Board, 
a number of immediate benefits and 
advantages of the work were obvious 
from the beginning because those par- 
ticipating, extremely influential metal- 
lurgists and technologists, carried from 
the meetings a better conception of some 
of the problems involved and put into 
practice a number of the matters dis- 
cussed. Consideration of specifications 
issued by various bodies, including a 
large number of A.S.T.M. specifications, 
directed attention to modifications which 
should be made, primarily of an emer- 
gency matter but some of which un- 
doubtedly will remain effective after the 
A number of the emergency alter- 
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nate provisions recommended by 
Committee A-1 developed as a result 
of this NESS work. 


_ CONSERVATION OF CRITICAL OR 
ea STRATEGIC MATERIALS 


Greatly increased production of steel, 
and particularly alloy steel, considered 
so essential for many ordnance and 
related uses, and the possibility of 
greatly reduced importations of certain 
alloying elements, such as manganese and 
chromium, necessitates the conserving 
of these alloying elements wherever 
possible so that the stocks we have can 
be used most effectively. 

To determine what emergency changes 
might be made in specifications to con- 
serve. these elements, in particular, 
manganese, studies were made by the 
various subcommittees of Committee 
A-1. Although some actions have been 
taken as recommended by Subcommittee 
I on Steel Rails and Accessories, Sub- 
committee IV on Spring Steel and Steel 
Springs, and Subcommittee VIII on 
Steel Castings, each of which makes a 
definite contribution, it is probable that 
some further actions will be necessary. 

In general the specifications under the 
jurisdiction of Committee A-1 are of 
three types as regards the controlling 
factors: first, where chemical composi- 
tions are the chief governing require- 
ments; second, where chemical and physi- 
cal requirements are both specified; and 
third, where physical requirements are 
predominant, possibly with phosphorus 
and sulfur limitations as the only chemi- 
cal limitations. Most of the specifica- 
tions fall in the latter two groups with 
many in the last-named classification, 
which throws the burden of conservation 
so far as elements entering into the 
composition are concerned on producers. 
There is no question that every possible 
step is being taken by them to conserve 
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In certain fields qualified technical 
committees have recommended marked 
emergency increases in the allowable 
design stresses. These actions will con- 
serve steel; they have a very distinct 
bearing on any consideration which 
may be given to the reduction in physical 
requirements in specifications. 2 


TERMS 

On the recommendation of A.S.T.M. 
Committee E-8 on Nomenclature and 
Definitions,' there is being reported to 
the Society for publication as tentative 
Proposed Definitions of Terms Relating 


or CoMMITTEE 


E-10 on Standards, the titles and date of 

approval being as follows: 

Tentative Specifications for: 

Atomic-Hydrogen-Arc-Welded and Electric-Re- 
sistance-Welded Alloy-Steel Boiler and Super- 
heater Tubes (A 249-41 T) (Approved Au- 
gust 25, 1941), 

Electric-Resistance-Welded Carbon-Molybde- 


Alloy-Steel Boiler and Superheater 
Giossary oF HEAT TREATING 
1941), 


Tubes (A 250-41 T) (Approved August 25, 


Iron and Steel Arc-Welding Electrodes (A 233 - 
42 T)3 which is an extensive revision of Speci- 
cations A233-40T (Approved April 28, 
1942), and 

Iron and Steel Gas Welding Rods (A 251 - 42 T)? 
(Approved April 28, 1942), 

Welded and Seamless Steel Pipe Piles (A 252 - 
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to Heat Treatment of Metals as de- 
veloped by a joint committee consisting 
of representatives of the American 
Society for Metals, Society of Automo- 
tive Engineers, the American Foundry- 
men’s Association, and the American 
Society for Testing Materials. Growing 
criticism of the previously published 
terms and the desirability of having a 
complete meeting of the minds led to the 
revival of the Joint Committee on Defi- 


42 T)* (Approved April 28, 1942), 


Tentative Method for: 


End-Quench Test for Hardenability of Steel 
(A 255 —- 42 T)* (Approved April 28, 1942 
Welded Boiler and Superheater Tubes. 

Specifications A 249, recognize the two 

designated processes for welding aus- 

tenitic steels and cover material which 
has already been standardized by an- 
other process in an A.S.T.M. standard. 
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nitions of Terms Relating to Heat Treat- 
ment on which A.S.T.M. has three 
representatives, including Lawford H. 
Fry who is serving in a dual capacity as 
the chairman of the Committee E-8 
subgroup concerned and of Subcom- 
mittee XXIV on Heat Treatment of 
Steel of Committee A-1. The definitions 
have been referred informally to the 
members of Subcommittee XXIV and 
following approval by the Society will 
be officially referred to Subcommittee 
XXIV for comment. 


TENTATIVE STANDARDS AND REVISIONS 
APPROVED DURING THE PAST YEAR 


On the recommendation of Committee 
A-1, six tentative standards were ap- 
proved? during the year by Committee 


1 See p. 482. 

2 In submitting these recommendations to Committee 
E-10 on Standards, Committee A-1 reported the follow- 
ing results of the letter ballot vote of a total 157 ballots 


This same situation holds with respect 
to Specifications A 250 which extend 
the range of boiler and pressure vessel 
tubing and pipe fabricated by elec- 
tric-resistance-welding, as covered in 
A.S.T.M. specifications. 

Arc-Welding Electrodes and Gas Weld- 
ing Rods.—In its work on so-called filler 
metal specifications, Subcommittee 
on Steel Welding Electrodes and Welding 
Rods has cooperated very closely with 
the Filler Metal Specifications Commit- 
tee of the American Welding Society, 
each group being headed by J. H. 
returned from a committee membership of 231: A 20 - - 
41 T, affirmative 69, ballots marked “‘not 
ing” 87; A 250-41 T affirmative 71, negative 0, ballot 
marked “not voting’’ 86, and the following results of a 
total 128 ballots seyeenes from a committee membership 
of 236: A 233 - 42 T. Sey 82, negative 0, ballots 
marked “not voting” A 251 - 42 T, affirmative 75, 

ative 0, ballots ne eked ‘not voting’”’ 53; A 252 - 42 T, 
ofirm ative 72, negative 0, ballots marked “not voting” 
56; and A 255 - 42 T, affirmative 89, negative 0, ballots 


marked “not voti ‘a 
3 1942 Book of A.S.T.M. Standards, Part I. 
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Deppeler, with a number of men serving 
on both committees. The new arc 
welding specifications being issued in 
complete form are essentially an extended 
revision of Specifications A 233 — 40 T. 
A number of important modifications 
have been made including the introduc- 
tion of yield strengths for the classes 
E 60 and E 70 and the addition of all the 
mechanical data for classes E 80, E 90, 
and E 100. In addition to this there 
are included root bend and face bend 
tests to determine that the electrodes 
can make suitable joints. 

The Tentative Specifications for Iron 
and Steel Gas Welding Rods (A 251 - 
42 T) are suitable for welding carbon and 
low-alloy steels. The rods afe classified 
on the basis of tensile strength of the 
deposited weld metal in the stress- 
relieved condition. 

Welded and Seamless Steel Pipe Piles.— 
After detailed discussion at a meeting 
of a special section of Subcommittee IX 
headed by L. H. Winkler, which included 
a number of design engineers and users 
of the material, minor substance changes 
and a number of editorial modifications 
were incorporated in the original draft. 
The requirements cover black, furnace 
welded, electric welded and seamless 
steel pipe piles and apply only to piles 
in which the steel tubular section acts 
as a permanent load-carrying member. 

A most important part of the standard 
is a Table of Standard Weights and 

| Dimensions of Welded and Seamless 
Steel Pipe Piles. 

End-Quench Test for Hardenability of 
Steel—There has been much discus- 
sion for several years on methods 
for evaluating the hardenability of 
steel. The literature has included a 
number of extensive reports and tech- 
nical papers and there has been dis- 
cussion at various meetings, including 
those of the Society of Automotive 
Engineers, a group which has been 


7 


particularly concerned with the test. 
The desirability of a recognized standard 
has become increasingly apparent with 
the critical situation involving use of 
alternate steels. In October, 1941, the 
A.S.T.M.’s Executive Committee re- 
ceived a suggestion from a group which 
had been studying the so-called Jominy 
hardenability test that it would be 
extremely helpful to industry to have an 
A.S.T.M. standard method issued. 

The matter was referred to Committee 
A-1 on Steel which appointed a Sub- 
committee on Hardenability headed by 
E. W. Upham, Chrysler Corp. This 
company had done extensive work in 
this field with a group which included 
in addition to its own metallurgists many 
technical men from various steel com- 
panies. The committee concluded that 
the arithmetic method of plotting was 
most desirable at this stage and accord- 
ingly recommended it. The arithmetic 
chart is the one used in the Iron and 
Steel Institute Manual No. 5 on Possible 
Alternates for Nickel, Chromium and 
Chromium-Nickel Constructional Alloy 
Steels. It differs from the logarithmic 
chart incorporated in the methods de- 
veloped in an S.A.E. subcommittee. 

Hardenability is measured quantita- 
tively usually by noting the extent or 
depth of hardening of a standard size 
and shape of test specimen in a standard- 
ized quench. In the end-quench test 
the “‘depth of hardening”’ is the distance 
along the specimen from the quenched 
end for a given degree of hardening. 


EMERGENCY STANDARD FOR BALL AND 
ROLLER BEARING STEELS 


This important new emergency stand- 
ard for ball and ball bearing steel 
(ES — 5) which resulted from the work 
of the NESS has been officially referred 
to Committee A-1 for such action as it 
might wish to take regarding further 
revisions or “acceptance a as an n A. S. T.M. 


| 
AS 
ater 
a 
52 
| 
tee 
two 
1us- 
rich 
slec- 
iller 
ding 
with 
lety, 
rallots 
— 


tentative standard. One of the most 
important NESS Technical Advisory 
Committees covers Carbon and Alloy 
Steel Bars, Blooms, and Billets. It 
has several subcommittees, one of which 
concerns bearing steels headed by L. A. 
Lanning, New Departure Division, Gen- 
eral Motors Corp., the subcommittee 
personnel including leading metallurgists 
and technica] men representing industrial 
consumers and general interests from the 
roller bearing and ball bearing fields, 
and steel producers. Since there was no 
generally applicable specification the 
committee devoted considerable time in 
cooperation with the Iron and Steel 
Branch, War Production Board, in 
drafting a standard. 

The personnel of the Bearing Steel 
Section was organized basically along the 
same lines as an A.S.T.M. group, that 
is, of producers, consumers, and general 
interests, and the S.A.E. and the A.L.S.L., 
co-sponsors with A.S.T.M. of the NESS 
project, agreed that the A.S.T.M. was 
the logical one of the sponsors to pro- 
mulgate the specification. The A.S.T.M. 
Executive Committee at its April 
meeting received the specifications and 
referred them directly to Committee 
E-10 on Standards with the recom- 
mendation that they be approved on 
the basis of the manner in which they 
had been developed and the considera- 
tions that had entered into their develop- 
ment. If approved, the specifications 
were then to be referred to Committee 
A-1. As these specifications were ap- 
proved by Committee E-10 for publica- 
tion as an Emergency Standard on April 
28, 1942, they will be discussed at the 
next meeting of Committee A-1 with 
the probability that a special subcom- 
mittee will be formed, including many of 
those active in preparing the specifica- 
tions.* 


subcommittee has been organized under the 
chairmanship of J. J. Lanning and on its recommendation 
— 


sport oF CommitTEE A-1 


EMERGENCY ALTERNATE PROVISIONS 


Committee A-1 has made extensive 
use of the procedure established by the 
Society to effect emergency alternat, 
provisions. 

A list of the Emergency Alternate 
Provisions, with comments on certain of 
them, follows: 

Designation 
Standard Specifications for: 


Issued 


EA-Ai1 One Carbon-Steel Rails 4.6.42 

EA-A26_ Steel Tiree (A 26 — 39) 4.28.42 

EA-A27 Carbon-Steel Castings for Miscel- 2.24.42 
laneous Industrial Uses (A 27 - 39) 

EA-A67_ Steel Tie Plates (A 67 - 33) 4.6.42 

EA-A87  Carbon-Steel and Alloy-Steel Cast- 2.24.42 
ings for Railroads (A 87 - 36) 

EA-A148 Alloy-Steel Castings for Structural 2.24.42 
Pu s (A 148 - 36) 

EA-A1i60 Axle-Steel Bars for Concrete Rein- 4.6.42 
orcement (A 160 — 39) 

EA-A194 Catbon and Alloy-Steel Nuts for 4.6.4 
Bolts for High-Pressure and High- 
Temperature Service to 1100 
(A 194 - 40) 

EA-A215 Carbon-Steel Castings Suitable for 2.24.4 
Fusion Welding for Miscellaneous 
Industrial Uses (A 215 - 41) 

EA-A227 Hard-Drawn Steel Spring Wire 4.6.42 
A 227 - 41) 

EA~A229 Oil-Tempered Steel Spring Wire 4.6.42 

EA - A 230 st Val S Quali 

- arbon-Steel Valve Spring ity 4.6.42 

Wire (A 230-41) vi 

EA-A241 Hot-Worked High-Carbon Steel Tie 4.6.42 
Plates (A 241 - 41) 

Tentative Specifications for: 

EA-A183 Heat-Treated Carbon- and Alloy- 4 
Steel Track Bolts and Nuts 
(A 183 - 40 T) 

EA-A216 Carbon-Steel Casti Suitable for 4.6.42 
Fusion Welding for Service at 
7 ratures up to 850 F. (A 216 - 

EA-A217 Alloy-Steel Castings Suitable for 4.6.42 


Fusion Welding for Service at 
Temperatures from 750 to 1100 F. 
(A 217 - 41 T) 

The complete provisions have ap- 
peared in the A.S.T.M. BuLLetin and 
had been sent as “pink slips” to all 
members of the committee and are being 
distributed to members of the Society. 
Additional copies can be obtained from 
A.S.T.M. Headquarters on request. 

Rails and Track Accessories.—These 
provisions resulted from discussion in 
the National Emergency Steel Technica! 
Advisory Committee 5 and were effected 
by Subcommittee I at the same time that 


revisions in the emergency specifications became effective 
Editorial S 16, 1942, with the designation ES-5Sa, see 
Atorial Note, Pp. 94. 
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the American Railway Engineering Asso- 
ciation was taking similar action. The 
provisions for tie plates, by eliminating 
references to copper, tend to conserve 
this element and the deletion of refer- 
ences to alloy-steel track bolts in Specifi- 
cations A 183 and a modification of the 
requirement on wrench fit tightness of 
nuts are in line with the basic aim of 
these emergency provisions. The several 
provisions in the rail specifications also 
will tend to help in procurement by 
changes in the sections covering chemical 
composition, drop test, inclusion of 
requirements on progressive all-ingot 
nick and break tests, deletion of the 
Brinell hardness requirement; while the 
inclusion of recommended practices for 
controlled cooling adds desirable in- 
formation in the specifications. 

Spring Wire.—Detailed review by 
Subcommittee IV on Spring Steel and 
Steel Springs of all of its specifications 
resulted in provisions deleting as an 
emergency matter the manganese re- 
quirements in the specifications for 
spring wire listed above. No change 
was made in the physical requirements, 
which will still insure the quality of the 
material to the purchaser. In other 
specifications the committee felt that no 
emergency requirements would effect, 
safely at least, any conservation in 
alloying elements. 

Steel Tires—This modification ef- 
fected in the specifications for steel tires 
on the recommendation of Subcommittee 
VII on Steel Wheels and Steel Tires 
raises the permissible sulfur for acid 
steel from 0.05 and 0.06 per cent maxi- 
mum, and eliminates the requirement on 
residual nickel and chromium. 

Steel Castings.—The emergency provi- 
sions in the steel casting specifications 
vill bring certain of the requirements in 
ine with other specifications, particu- 
larly Federal Specification QQ-S-681b 
and proposed Navy requirements, and 


On STEEL 


should be of definite help in produc- 
tion. 

The omission of the manganese re- 
quirements from Specifications A 27 
would permit a foundry to furnish steel 
from a low-alloy heat instead of making a 
special higher carbon steel. The change 
in physical properties of grade B2 in 
Specifications A 27 will permit supply 
from heats of certain classes of Federal 
and Navy castings. There is no change 
in the yield point requirement important 
in design. 

The change in Specifications A 87 
concerning weight of casting for which 
test coupons must be provided brings 
the requirement in line with other 
A.S.T.M. specifications and definitely 
expedites production. 

The emergency grade 4, of Class 4, 
provided for in Specifications A 148 is 
similar to a widely used class in Federal 
specifications and should be covered by 
A.S.T.M. 

The provisions in Specifications A 215 
reduce the number of grades of weldable 
carbon steel from 8 to 5 and permit the 
pouring of castings from heats which 
might also be used for Federal or pro- 
posed Navy specifications. Here again 
the yield point requirement is changed 
only to a minor extent. 

The emergency provisions in Specifi- 
cations A 215 and A 216 cover a use of 
material for pressure containing turbine 
castings which have been specified in 
accordance with these two standards, 
but which have really not been applicable 
until the emergency changes now cover 
this use. 

Axle-Steel Reinforcing Bars.—This 
modification provides for a much wider 
source of supply than in the present 
standard. The proposed addition of a 
new emergency grade of soft structural 
steel has met with considerable objection 
and this recommendation is being held in 
abeyance. 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Items Affirmative Negative | Marked “> 
I. New Tentative STANDARDS 
f ee Spec. for Welded Alloyed Open-Hearth Iron Pipe (A 253-42T).......... 92 0 60 
“J ® 3 Spec. for Copper Brazed Steel Tubing (A 254 - 42 T).. 75 0. 77 
—— Spec. for Lap-Welded and Seamless Steel be for High- Temperature 
an oe Service - 106 — 42 T)—reverted to status of tentative standard, and 
ar te II. Revisions oF TENTATIVE STANDARDS 
Spec. for Lime Gage Structural Qualit Flat Hot-Rolled Steel 
pty (0.2499 and 0.1874 in. to 0.0478 in. in pickness) A 245-41 T). 81 3 75 
‘AF Spec. for Ligh Gage Structural Quality Flat Rolled Carbon Steel (0.0477, 
to 0.0225 in. in Thickness) (A 246-41 T)........... 85 0 74 
ang Spec. for Seamless Alloy-Steel Pipe for Service at Temperatures from 750 
~ Spec. for Seamless Carbon- Molybdenum Alloy. Steel Pipe for Service at 
Temperatures from 7500 to 1000 F. (A 206 - 41 T) 85 0 74 
Spec. for Carbon-Steel Castings Suitable for Fusion W elding for Service at 
Temperatures up to 850 F. (A 216 - 41 T).. 111 0 41 
Spec. for Alloy-Steel Castings Suitable for Fusion Welding for Service at 
Temperatures from 750 to 1100 F. (A 217-41 T)....................... 107 0 45 
III. Revisions or StanpARDS, ImmepIaTE ADOPTION 
Spec. for Chromium-Vanadium Steel Bars for Springs (A 60 - 39)......... 87 0 72 
Spec. for Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and 
Spec. for Electric-Resistance-Welded Steel Heat-Exchanger and Con- - 
denser Tubes (A 214 -40)....... 88 1 70 
Spec. for Seamless Alloy-Steel Boiler and Superheater Tubes (A 213 - 40)... 91 1 67 
Spec. for Welded and less Steel Pipe (A 53 - 40).. 98 2 53 
Spec. for Black and Hot-Di Zinc-Coated (Galvanized) Welded and 
Seamless Steel Pipe for Ordinary Uses (A 120 - 40). 93 3 63 
for -Steel Plates for Boilers and Other Pressure Vessels 
Spec. for Carbon-Steel Plates for Stationary Boilers and Other Pressure 
Spec. for Low- Carbon Nickel-Steel Plates for Boilers and Other Pressure 
Spec. for Commercial Quality Hot-Rolled Bar Steels (A 107-40)... .. 96 0 63 
Spec. for Alloy-Steel Castings for Valves, Flanges, and Fittings for Service. 
at Temperatures from 750 to 1100 F. (A 89 0 70 
Spec. for Carbon-Steel Bars for Springs (A 14 — 39)................-...4.. 83 1 68 
IV. Apoprion or TENTATIVE STANDARDS AS STANDARD 
Spec. for Low-Alloy Structural Steel (A 242 - 41 T 99 0 60 
Spec. for Carbon-Steel Forgings for General Industrial Use (A 235 - 40 T).. 107 0 52 
Spec. for Carbon-Steel Forgings for Locomotives and Cars (A 236 - 40 BP. 98 0 61 
Spec. for Alloy-Steel Forgings for General Industrial Use (A 237 - 40 T).. 106 0 53 
Spec. for Alloy-Steel F: for Locomotives and Cars (A 238 - 41 T) 98 0 61 
Spec. for Factory-Made Wrought Carbon-Steel and Carbon-Molybdenum- 
Steel Welding Fittings (A 234-40 T)............-.020ceccccuee 89 0 70 
Spec. for Atomic-Hydrogen-Arc-Welded and Electric-Resistance-W elded 
PAlioy. Steel Boiler and Superheater Tubes (A 249 - 41 T), as revised. 79 0 73 
Spec. for ess Carbon-Molybdenum Alloy-Steel Boiler and Super- 
Spec. for Heat-Treated Wrought Steel Wheels 75 0 77 
V. ApopTion aS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 
Spec. for Steel for and Bui 92 0 67 
Spec. for Structural Steel for Locomotives and Cars (A 113 - 39). 92 0 67 
Spec. for Carbon-Steel Castings for Miscellaneous Industrial Uses 
Spec. for Carbon- Steei and Alloy-Steel Castings for Railroads (A 87 ~ ey. 101 0 58 
Spec. for Alloy-Steel Castings for Structural a (A 148 - 36). . 101 0 58 
Spec. for Welded and Seamless Steel Pipe (A 53 — 40) 92 0 wo 
Spec. for Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler teh 
Spec. for Black and Hot-Di Zinc-Coated (Galvanized) Welded and mal, 
Seamless Steel for Or Uses (A 120 -40).. 92 0 
Spec. for — usion-Welded Steel Pipe (Sizes 30 in. and Over) par: ; 
(A 134 90 0 
Spec. for Electric: Resistance-Welded Steel Pipe (A 135 - 90 0 
Spec. for Electric-Fusion-Welded Steel Pipe (Sizes 8 in. to but not Including . 
Spec. for Seamless Alloy-Steel Boiler and Superheater Tubes (A 213 - 40). 92 0 67 $} 
Spec. for Forged or Rolled Steel Pipe Flanges for General Service (A 181 - oe > a? 
dy for Seamless Cold-Drawn Alloy- Steel (4 to 6 per ‘cent Chromium) ; 
Heat-Exchanger and Condenser Tubes (A 187 - 40)........ 92 0 6 
Spec. for Boiler and Firebox Steel for Locomotives (A 30 - 39)... 91 3 6 
Spec. for Electric-Fusion-Welded Steel Pipe for High-Temperature and 
High-Pressure Service (A 155 36) 88 0 71 
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TABLE I.—Concluded. 


” 
VI. or STANDARD 
for Lock-Bar Steel Pipe (A 137 - 34). . . 88 0 71 
for Carbon-Steel Bars for Vehicle and General ‘Purpose ‘Springs 
VII. REAFFIRMATION OF 
for Open- Steel Girder Rails of Pisin, 
ypes (A 2 - 27 80 0 
for Soft Steel Track Spikes (A 80 0 
for Steel Screw Spikes (A 66 - 80 0 
for Low-Carbon Steel Track Bolts and Nuts (A 76 -33)............. 80 0 
for Rail-Steel Bars for Concrete Reinforcement (A 16 —- 35).. : 91 0 
for Cold-Drawn Steel Wire for Concrete Reinforcement (A 82 - - 34). , 91 0 
for Axle-Steel Bars for Concrete Reinforcement (A 160 - 39)......... 91 0 
Steel Bar or Rod Mats for Concrete Reinforcement 
. for Welded Steel Wire Fabric for Concrete Reinforcement (A 185 , 
ied ‘Carbon-Steel Axles for Cars and Tenders (A 21 - are RS 84 0 
for Austenitic Manganese-Steel rp (A 128 - 33).. ee 91 0 
. for Forge-Welded Steel Pipe (A 136 88 0 
for Riveted Steel and Wrought-Iron Pine (A 88 0 


REAFFIRMATION 


The various subcommittees have re- 
viewed their respective specifications in 
detail and unless noted later in the 
report, or unless changes are being 
recommended in a standard, the groups 


RECOMMENDATIONS AND DISCUSSION ON 


have determined that a standard which 
has stood for six years or more without 
revision are in line with present practice 
and recommended that the reaffirma- 
tion note appear on the items listed in 
Table I. 


STANDARDS AND TENTATIVE STANDARDS 


The detailed recommendations with 
respect to standards and tentative stand- 


SPRING STEEL 


Subcommittee IV 


ards, listed in Table I, are set forth below 
grouped for ease of reference under 
appropriate headings which classify the 
materials covered. Comments as to the 
reasons for these recommendations are 
included wherever appropriate. 

In the case of the revisions recom- 
mended for immediate adoption in sev- 
eral of the standards, the committee asks 
for a nine-tenths affirmative vote at the 
annual meeting in order that these 
recommendations may be referred to 
letter ballot of the Society. The stand- 
ards, tentative standards, and tentative 
revisions appear in their present form in 
either the 1939 Book of Standards, Part 
I, or the 1940 and 1941 Supplements, 


mendation that sees 


Standard Specifications for 
Vanadium Steel Bars for Springs 
(A 60 — 39): 

The following revision is recommended 
for immediate adoption to bring the 
chromium range in line with current 
practice and in closer agreement with 
existing standards: 

Section 3.—Change the chromium 
range from ‘“‘0.90 to 1.10” to read ‘0.80 
to 1.10” per cent. 

Standard Specifications for Carbon-Steel 
Bars for Vehicle and General Purpose 
Springs (A58-—27) and for Carbon- 
Steel Bars for Springs (A 14 — 39): 
Consideration of these specifications 

by a special section resulted in a recom- _ 

A 58 be 
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withdrawn, and that the analysis covered 
be included in Specifications A 14 — 39, 


are still in use for export and domestic 
use, both are to be continued in the 1942 
Book of A.S.T.M. Standards, Part I. 


Report or CommitrEe A-1 


Several important Emergency Alter- 
nate Provisions as recommended by the 


as follows: National Emergency Steel Specifications B Tv 
Section 1.—Revise to provide for addi- Technical Advisory Committee on Axle § charg 
tion of new Grade C, indicating that this and Railroad Forgings in the Tentative J name 
is for applications where definitely Specifications for Carbon-Steel Forgings § Casti 
specified. for Locomotives and Cars (A 236-40 T) and 
Section 3.—Add the following chemi- undoubtedly will be approved in the § Fitti 
cal composition requiréments for a new near future.’ Among other matters, § Tem 
grade C: these provisions would set up two new § perat 
Grade C classes of forgings with distinctly higher § speci: 
Carbon, per cent........-...... 0.85 to 1.05 physical properties than now embodied. in th 
Manganese, per cent............ 0.25to0.50 
Phosphorus, max., per cent...... 0.05 ‘is abe altert 
Sulfur, max., per cent........... 0.05 a STEEL WHEELS AND TIRES ren: 
| three 
Proposed Emergency Alternate Provi- § menc 
Subcommittee VI sions.—In addition to the Emergency §§ deter 
= Subcommittee VI has reviewed each Alternate Provision in the Standard § many 
of its specifications and as indicated in Specifications for Steel Tires (A 26 — 39), § exhit 
Table I the adoption as standard of the Subcommittee VII on Rolled Steel - 
four existing tentative specifications is Wheels and Steel Tires will request that 
recommended. Editorial clarification emergency alternate provisions® be ap- § | 
of the section on number of tests in proved in the Standard Specifications §°’?” 
each of the four specifications is being for Wrought Steel Wheels for Electric Ca 
studied. Railway Service (A 25-41), for Multi- fi 
The Standard Specifications for Car- ple-Wear Wrought Steel Wheels (A 57 - 7H 
bon-Steel Axles for Cars and Tenders 39), and for One-Wear and Two-Wear In 
(A 21-36) have been reaffirmed. Wrought Steel Wheels (A 186-39), § ‘78 
The Tentative Specifications for Car- and in the Tentative Specifications for § “"" 
bon-Steel and Alloy-Steel Ring and Disk Heat-Treated Wrought Steel Wheels chrot 
Forgings (A 243-417) and for Carbon- (A 244-417), providing that for acid §°"" 
Steel and Alloy-Steel Blooms, Billets, steel a sulfur content of 0.06 per cent be 9.90 
and Slabs for Forgings (A 248-417), permitted instead of the present require- §'"° | 
have been in existence only a year and_ ment of 0.05 per cent. grad 
are to continue in their present status. Proposed Adoption as Standard of |*° 0. 
Specifications A 248 are essentially a re- Tentative Standard.—It is recommended §“"™ 
vision of the existing Standard Specifica- that the Tentative Specifications for J“? “ 
tions for Carbon-Steel and Alloy-Steel Heat-Treated Wrought Steel Wheels §° & 
Blooms, Billets, and Slabs for Forgings (A 244-41 T) be approved for submis- §'°* 
(A 17-29). The situation in respect to sion to letter ballot for advancement to oe 
the latter is complicated by the national standard. Although these specifications pth 
emergency in connection with alloy have been issued for only one year, no f° “° 
steels. However, since the standard criticism has been received and, further, _ 7m 
specifications as well as the tentative they were based on industrial practice a 


which has been used for some time. * 

la t 


5 See Editorial Note, p. *. 
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STEEL CASTINGS 
Subcommittees VII] and 
wo subcommittees have in their 


charge specifications for steel castings, 
namely, Subcommittee VIII on Steel 
Castings which has five specifications 
and Subcommittee XXII on Valves, 
Fittings, Piping, and Flanges for High- 
femperature and Subatmospheric-Tem- 
erature Service which has_ three 
specifications. As indicated previously 
in this report a number of emergency 
alternate provisions have been estab- 
lished in several of these standards. In 
three of the specifications, as indicated 
in Table I, tentative revisions are recom- 
mended for adoption, providing for the 
determination of yield strength since 
many grades of castings do not as a rule 
exhibit a definite yield point. 

REVISION OF STANDARD, IMMEDIATE 

ADOPTION 
Standard Specifications for Alloy-Steel 

Castings for Valves, Flanges, and Fit- 

tings for Service at Temperatures from 

750 to 1100 (A 157-41): 

In these specifications the silicon 
ranges of grades C5 A (4 to 6 per cent 
chromium) and C5 B (4 to 6 per cent 
chromium-silicon-molybdenum) are not 
contiguous. The silicon requirement of 
0.50 max., per cent of grade C5 A and 
the range of 0.75 to 1.50 per cent of 
grade C5 B leaves a range of from 0.50 
to 0.75 per cent silicon, in which a heat 
cannot be properly classified. Silicon 
up to 0.75 per cent helps the castability 
of grade C5 A without any deleterious 
effect on high-temperature physical prop- 
erties. Above this, castability is no 
further improved, although the higher 
silicon content improves scaling resist- 
ance, at some expense to the high-tem- 
perature strength properties. The same 
situation exists with respect to grades 
C3 A and C3 B. 

When Section 2 on Process was revised 
last year to include the added grade 


Ci2 (8 to 10 per cent Chromium-Mo- 
lybdenum), it was included with the three 
other grades C 6, C9, C 10 to be pro- 
duced by the electric-furnace or crucible 
process. Further consideration has led 
to the conclusion that the open-hearth 
was excluded for these higher alloys, 
primarily because the practice at the 
time the specifications were drafted 
indicated use of the electric-furnace. 

To incorporate the changes discussed 
above, to make other chemical require- 
ments consistent, and to improve cast- 
ability, the following revisions are recom- 
mended for immediate adoption as 
standard: 

Table I.—Change the carbon content 
of grades C 3A, C 3B, C 5A, and C 5B 
from ‘0.35 max. per cent” in the first 
two grades and ‘0.15 to 0.35 per cent” 
in the last two grades to read “0.30 max. 
per cent”’ in all three grades. 

Change the silicon content of grades 
C 3A and C 5A from “0.50” to “0.75” 
max., per cent. 

Table IT.—Change the minimum ten- 
sile strength of grades C 5A and C 5B 
from “100,000 psi.” to read ‘90,000 
psi.” and the minimum yield point from 
“65,000 psi.” to read “60,000 psi.”’ 


Section 2.—Change the last sentence 
of this section by the addition of the 
italicized words and the omission of those 
in brackets: 

Steels C6, C9, C10, and C12 shall be made by 


the electric-furnace or [crucible process] other 
process approved by the purchaser. 


REVISIONS OF TENTATIVE STANDARDS 


Tentative Specifications for Carbon-Steel , 


Castings Suitable for Fusion Welding 
for Service at Temperatures up to 850 F. 
(A 216 — 41 T) and for Alloy-Steel Cast- 
ings Suitable for Fusion Welding for 
Service at Temperatures from 750 to 
1100 F. (A217 - 41 T): 
To bring the silicon requirements in 
S pecifications A 216 ii in line with emer- 
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gency provisions which were established, 
it is recommended that the present 
silicon requirement of “0.50” be changed 
to read ‘0.60” max., per cent. The 
same change is recommended in grades 
WC 1 and WC 2 in Specifications A 217. 


PIPE AND TUBULAR PRODUCTS 
Subcommittees [IX and XXII 


For several years there has been in- 
tensive activity involving the develop- 
ment of standard specifications for pipe 
and tubular products. This activity has 
continued during the past year and Sub- 
committee XXII on Valves, Fittings, 
Piping, and Flanges for High-Tempera- 
ture and Subatmospheric-Temperature 
Service, which has under its jurisdiction 
three specifications covering pipe for 
use at elevated temperatures, and Sub- 
committee [IX on Steel Tubing and Pipe, 
which has some 30 specifications in its 
charge for use at normal or reasonably 
elevated temperatures, have a number of 
important recommendations on stand- 
ards as detailed below. 

As indicated previously, the new 
Tentative Specifications for Welded and 
Seamless Steel Pipe Piles (A 252 — 42 T) 
were approved through the work of Sub- 
committee IX. This subcommittee has 
prepared proposed Tentative Specifica- 
tions for Copper Brazed Steel Tubing*® 
covering material suitable for general 
engineering uses, particularly in the 
automobile, refrigerator, and stove in- 
dustries (fuel lines, brake lines, oil lines, 
heating and cooling units, etc.) in sizes 
from 3/16 to 7/16 in., inclusive, in out- 
side diameter. New Specifications for 
Welded Alloyed Open-Hearth Iron Pipe, 
developed by a special section of Sub- 
committee IX, are also being submitted 
for publication as tentative.® 

Affecting some of the specifications in 

* These specifications were accepted as tentative by the 


Society and ai in the 1942 Book of A.S.T.M. 
Standards, Part I, pp. 1044 and 1056. 


both subcommittees have been intensive 
discussions of values for elongation and 
approval of a more rational basis for 
determining this important property; 
also, a new formula for determining 
flattening test requirements. State- 
ments on these two matters appear as 
Appendices I and II. Another matter 
which is still being discussed is the 
clusion of the acid-bessemer process for 
producing. seamless pipe. 

As detailed below, changes in the 
widely used Standard Specifications for 
Welded and Seamless Steel Pipe (A 53 - 
40) are recommended, involving elonga- 
tion values, flattening test, use of 
acid-bessemer steel, and fabrication by 
the electric-resistance process. Some of 
these changes are similarly being made 
in the specifications listed in the follow- 
ing paragraph. 

The Standard Specifications for Lap- 
Welded and Seamless Steel Pipe (A 106 
41), and the Tentative Specifications for 
Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100F. 
(A 158-—41T), and for Seamless Car- 
bon-Molybdenum Alloy-Steel Pipe for 
Service at Temperatures from 750 to 
1000 F. (A 206 —- 41 T), under the juris- 
diction of Subcommittee XXII, are very 
widely used. Because of the very 
severe operating conditions and changing 
concepts of how best to handle various 
requirements, revisions have been pro- 
posed yearly in the specifications and a 
number of recommendations are being 
made this year to improve portions of 
the standards. 


ADOPTION AS STANDARD OF EXISTING 
TENTATIVE REVISIONS 


All of the revisions in the ten specifica- 
tions covering pipe and tubular prod- 
ucts published for a year or more are 
recommended for adoption as standard, 
as indicated in Table I. 
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REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption as standard the re- 
visions given below in the various 
standards listed: 

Standard Specifications for Seamless Cold- 
Drawn Low-Carbon Steel Heat-Exchanger 
and Condenser Tubes (A179 — 40): 

In order to bring Section 5 on Check 
Analysis in line with the basic Specifica- 
tions for Lap-Welded and Seamless Steel 
and Lap-Welded Iron Boiler Tubes 
(A 83 — 40) providing that check analysis 
may be made by the purchaser rather 
than the manufacturer, the following 
change is recommended: 

Section 5.—Change from its present 
form to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


5. (a) [When requested by the purchaser,] An 
analysis of two tubes from each lot of 250 tubes 
or fraction thereof [shall] may be made by the 
purchaser. Drillings for analysis shall be taken 
from several points around each tube selected for 
analysis. The chemical composition thus deter- 


fied in Section 4. 


Standard Specifications for Electric-Re- 
sistance-Welded Steel Heat-Exchanger 
and Condenser Tubes (A 214-40): 
For the same reason given above for 

Specifications A 179-40, the following 

change is recommended: 

Section 5.—Change from its present 
form to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


5. (a) [When requested by the purchaser,] An 
analysis of two tubes from each lot of 250 tubes 
or fraction thereof [shall] may be made by the pur- 
chaser. Drillings for analysis shall be taken 
from [at least four] several points around each 
tube selected for analysis. The chemical com- 
position fof the composite] thus determined shall 
conform to the requirements specified in Sec- 


mined shall conform to the requirements speci-: 


Standard Specifications for Welded and 

Seamless Steel Pipe (A 53 — 40): 

In Appendix I there appears a con- 
densed discussion on studies made by a 
section concerning the effect of wall 
thickness on elongation of pipe and the 
development of specification values 
based on wall thickness. Also in Appen- 
dix II is a statement on a proposed 
formula and new procedure for determin- 
ing flattening test requirements, which 
has been studied in a special section of 
Subcommittees IX and XXII. Since a 
considerable tonnage of steel for seam- 
less pipe has been made for a number of 
years by the acid-bessemer process, with 
apparently satisfactory service resulting, 
the use of this process in Standard A 53 
is being recommended. To effect all of 
these proposals and further to provide 
for the inclusion of the electric-resist- 
ance-welded process and to indicate that 
the material is suitable for fusion 
welding, the following changes are 
recommended for immediate adoption: 


Section 1 (a).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(a) These specifications cover black and hot- 
dipped-galvanized [furnace] welded and seamless 
steel pipe. Pipe ordered under these specifica- 
tions is intended for coiling, bending, flanging, 
and other special purposes, and is suitable for 
fusion welding. Butt-welded pipe is not in- 
tended for flanging. The purposes for which the 
pipe is intended should be stated in the order.* 
When seamless or electric-resistance-welded pipe 
is ordered for close coiling, cold bending, or for 
forge welding, grade A [seamless] should be 
specified rather than grade B [seamless]. 


Furnace Double Welding.—Unless furnace-double- 
welded pipe is specifically called for in the order, single- 
welded pipe may be furnished. n furnace-double- 
welded pipe is ordered, the flattening test on crop ends 
s = in Section 10 shall be made with the weld on 

side. 


Section 2 (a).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


— 
ive 
— 
ie 
= 
ol 
a 
ade 
OW- 
ap- 
- 
for 
> at 
| to 4 
. > 
iris- 
sy 
ying 
iol . 
lous Af ? 
pro- 
id a 
ping 
s of 
hca- 
d = 
rod- 
are 


REPORT OF COMMITTEE A- 


2. (a) The steel for [welded pipe] both welded Mae: 


Seam] 
and seamless pipe shall be [soft weldable quality] rie-Resiste 
made by one or more of the following processes: Lap-Welded Welded 
open-hearth, electric-furnace, or acid-bessemer. Phosphorus, max., per cent: 

The steel for [seamless pipe shall be made by Open-hearth or elec- 
either of the following processes: open-hearth or tric-furnace....... 0.06 0.045 
electric-furnace] furnace-welded pipe shall be of ‘Acid-bessemer....... 
soft weldable quality. be 
TABLE II.—TENSILE REQUIREMENTS. 
Seamless or Elect 
Furnace Welded Resistance-Weld 
| Acid- Hearth or G d A G 
Furnace 
Elongation in 2 in., min., per cent: 
Basic minimum elongation for walls 5% in. and over in thickness, 
longitudinal strip tests, and for all small sizes tested in full | 
oy When standard round 2-in. gage length test specimen is used.. ii He 28 22 
- For longitudinal strip tests a deduction for each }¢ in. decrease 
’ in wall thickness below from the % in. from the basic mini- | 
mum elongation of the following percentage. ..... 1.75¢ 1.50 


® Gage distances for measuring elongation on welded pipe of nominal sizes % in. and smaller shall be as follows: 


Nominal Size, » Gage Length, 
> When specimen shown in Fi Sap 
7 g. 1 is used; see Section 9 (a). 
© The followi wing table gives the computed minimum values: = 


Elongation, min., per cent 
Wall Thickness, in. 


Grade B 


281) 


18.00 


(b) Furnace-welded pipe 3 in, and under in 
nominal diameter may be butt-welded, unless 
otherwise specified. Furnace-welded ‘pipe over 
3 in. in nominal! diameter shall be lap-welded. 


Section 4.—Change from its present 
form to read as follows by the addition 
of the italicized words: 


a Section 3.—Change to read as follows 

by the addition of the italicized words 

and figures and the omission of those in 
brackets. 


4. An analysis of two pipes from each lot o 
500 lengths or fraction thereof may be made bj 
the purchaser. Drillings for analysis shall be 
taken from several points around each pipe 
selected for analysis. The phorphorus content 
of open-hearth or electric-furnace steel thus de 
termined shall not exceed that specified it 
Section 3 by more than 25 per cent. For acid 
bessemer electric- resistance- welded 


is 3. [Open-hearth or electric-furnace.] The 
steel shall conform to the following ladle anal- 
ysis as to composition : 
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steel pipe, the phosphorus content shall not 
exceed the maximum specified in Section 3. 

Table I.—Modify the elongation re- 
quirements on seamless grades A and B 
by changing the table from its present 
form to read as shown in the accom- 
panying Table II. 

Table IT.—In footnote a of this table 
a formula determines the hydrostatic test 
pressure for larger pipe. Agreement has 
been reached by the manufacturers so 
the committee recommends that the 
value of “‘S,” fiber stress, in the formula 
2St 
D 
fixed value of “12,000 psi.” to read “‘60 
per cent of the specified yield point.” 
This increases the test pressure con- 
siderably. 


be changed from its present 


Section 7.—Add a new Paragraph (c) 


| to read as follows, relettering the present 
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Paragraph (c) as (d): 


(c) For electric-resistance-welded pipe, the 
test section shall be 4 to 6 in. in length and the 
weld shall be located 90 deg. from the line of 
direction of the applied force. 


Reletter present Paragraph (d) to 
read (e), and change to read as follows: 


(e) The test shall consist in flattening a 
section of pipe between parallel plates until the 
opposite walls meet. For welded pipe, no 
opening in the weld shall take place until the 
distance between the plates is less than three- 
fourths of the original outside diameter for 
butt-weld, or two-thirds the outside diameter for 
lap-weld and electric-resistance-weld, and no 
cracks or breaks in the metal elsewhere than in 
the weld shall occur until the distance between 
the plates is less than shown below. For seam- 
less pipe, no breaks or cracks in the metal shall 
occur until the distance between the plates is 
less than that shown below: 

Kind of Pipe. Distance Between Plates ‘“S” 

For hett-atted pipe...60 per cent of outside diameter 

For lap-welded pipe....one-third the outside diameter 
For ectric- resistance- 
welded pipe, grades A 


and B ; one-third the outside diameter 
For seamless pipe, 
grades A and Bicez: to the distance “‘S’’ developed by 
the following formula: 
(1+ 
Ih 
where: 


distance between flattening plates in inches, 
nominal wall thickness of pipe in inches, 
actual outside diameter of pipe in inches, and 
deformation per unit length (constant for a given 
grade of steel, 0.09 for grade A and 0.07 for grade B). 


Section 10 (b).—Delete the last phrase 
reading: lap-welded pipe.” 

Section 17.,—Change from its present 
form to read as follows by the addition 
of the italicized words: 


17. Each length of pipe shall be legibly 
marked by rolling, stamping, or stenciling to 
show the name or brand of the manufacturer; 
the type of pipe (that is, lap-welded, electric- 
resistance-welded A, electric-resistance-welded B, 
seamless A, or seamless B; where acid-bessemer 
steel is used in seamless or electric-resistance- 
welded pipe, the word “‘bessemer’’ shall be added 
before the letter A or B); XS for extra strong, XXS 
for double extra strong; ASTM A 53; the length; 
and the hydrostatic test pressure in pounds per 
square inch; except that for small diameter pipe 
which is bundled, this information may be 
marked on a tag securely attached to each 
bundle. 


Standard Specifications for Black and 
Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for 
Ordinary Uses (A 120 - 40): 

Section 2 (a).—To provide for the in- 
clusion of acid-bessemer seamless steel 
pipe, change from its present form: 
namely, 

(a) The steel for welded pipe shall be of soft 
weldable quality made by one or more of the fol- 
lowing processes: open-hearth, electric-furnace, 
or acid-bessemer. The steel for seamless pipe 


shall be made by either or both of the following 
processes: open-hearth, or electric- furnace. 


to read as follows: 


pipe shall be made by one or more of the follow 

ing processes: open-hearth, electric-furnace, o1 
acid-bessemer. The steel for welded pipe shall 
be of soft weldable quality. 


Table I.—Make the same change as 
recommended above in Table II of 
Specifications A 53 — 40. 


Standard Specifications for Seamless Al- 
loy-Steel Boiler and Superheater Tubes 
(A 213 — 40): 

The situation with respect to chemical 
composition of corrosion-resisting chro- 
mium nickel sheet strip and plate is 
changing because of the scrap situation 
and related factors resulting from the 
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emergency. However, the committee 
feels the changes in Table II, given 
below, will bring them more nearly in 
line with current practice. It is quite 
possible that additional changes will be 
forthcoming in the near future. 

Table II.—To bring the austenitic 
steel grades T 18 (chromium-nickel- 
titanium) and T 19 (chromium-nickel- 
columbium) in line with the Standard 
Specifications for Corrosion-Resisting 
Chromium-Nickel Steel Sheet, Strip, 
and Plate for Fusion-Welded Unfired 
Pressure Vessels (A 240 — 41), change the 
chemical requirements of grades T 18 
and T 19 to read as follows by the addi- 
tion of the italicized words and figures 
and the omission of those in brackets: 
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Grade T 18 Grade T 19 
Carbon, max., per 
cent.. 0.08 0.08 
Manganese, max., per 
[3.00] 2.50 [3.00] 2.50 


cent 

Phosphorus, max., per 
cent.. [0.03] 0.035 

Sulfur, max., per cent.. 0.03 

Silicon, max., per cent. 

Nickel, min., per cent. 


[0.03] 0.035 
0.03 
0.75 0.75 
to 13.00] to 13.00] 
9.00 9.50 


Chromium, min., 
cent 


per 
. [17.00 to 20.00] 
17.00 7.00 
Titanium, per cent . 
Columbium, per cent. . 


@ Grade T 18 shall have a titanium content of not less than 

fre § times the carbon content and not more than 0.60 per cent. 

> Grade T 19 shall have a columbium content of not 

less than ten times the carbon content and not more than 1.00 
per cent. 


{0.70}° 


ADOPTION OF TENTATIVE STANDARDS AS 
STANDARDS 


The committee recommends for adop- 
tion as standard the two following ten- 
tative specifications, the first named with 
revisions as indicated below. 

Tentative Specifications for Atomic-H ydro- 
gen-Arc-Welded and Electric-Resist- 
ance-Welded Alloy-Steel Boiler and 
Superheater Tubes (A 249-41 T) and 

, Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel Boiler 
and Superheater Tubes (A 209 — 41 T). 
Specifications A 209, covering three 

grades of seamless-carbon-molybdenum 

tubes, were issued in 1938 and revised in 
the two subsequent years. Since no 


OF CoMMITTEE A-1 


major criticisms have been received, 
adoption as standard is deemed in order 
For the reason as discussed above 
under Specifications A 213 — 40, chan 
in Specifications A 249 are proposed 
adoption as standard involving Tab! ] 
by which the same changes will be mad 
in Table I, grades T18 and T 19, as 
recommended above in Table II of 
Specifications A 213. 


REVISIONS OF TENTATIVE STANDARDS 


The committee recommends revisions 
in the following tentative standards 
Tentative Specifications for Seamless Al 

loy-Steel Pipe for Service at Tempera- 

tures from 750 to 1100 F. (A158 

41 T): 

Section 8 (a).—Revise the elongation 
requirements by changing the table from 
its present form to read as shown in the 
accompanying Table III. 

Section 10.—Make the same changes 
in the flattening test requirements 
as are recommended in Section 7 of 
Specifications A 106-41, except that 
this specification does not cover grades 
A and B pipe and the value of “‘e’”’ shall 
be 0.08 for ferritic steels and 0.09 for 
austenitic steels. 

Tentative Specifications for Seamless Car- 
bon-Molybdenum Alloy-Steel Pipe for 
Service at Temperatures from 750 to 
1000 F. (A 206-41 T): 

Section 2.—Delete Paragraphs (d) and 
(e) and add a new Paragraph (d) to read 
as follows: 

(d) When requested by the purchaser and so 
stated in the order, hot-finished pipe in the as- 
finished condition in nominal sizes 3 in. and over 
made to schedules 140 and 160 shall have a 
structural grain size* which is predominately 3 


to 6 as measured on an A.S.T.M. grain size 
chart. 


* The term “‘structural grain size” refers to the predom- 
inant grain as evidenced by ferrite grains, Widmdnstatten 
areas, or pearlite patches. 


Section 8 (a).—Revise the elongation 
requirements by changing the table from 
its present form to read as shown in the 
accompanying Table IV. ees 
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Section 10.—Make the same changes 
in the flattening test requirements as are 
recommended in Section 7 of Specifica- 
tions A106—41, except that this 
specification does not cover grades A 
and B pipe and the value of ‘‘e”’ shall be 
0.08. 

Section 12,—Change from its present 
form to read as follows: 


12. When requested by the purchaser and so 
stated in the order, the manufacturer shall 


condition. 
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S7. In addition to the photomicrographs 
required in accordance with Section 12, for 


hot-finished pipe in nominal sizes 3 in. and over 


made to schedules 140 and 160, and specified to 


conform to the requirements of Section 2 (d), the 


purchaser may specify that photomicrographs 


shall be furnished from each end of one or more 


pieces from each lot of pipe in the as-finished 
The purchaser shall state in the 
order the number of pipes to be tested from each 
lot. When photomicrographs are required on 
each piece, the photomicrographs from each lot 
of pipe in the as-finished condition which may 
be required under Section 12 may be omitted. 


Elongation in 2 in., min., per cent: 


TABLE III. 
Ferritic Austenitic 
Tensile strength, min., 60 000 75 000 
| Transverse | Transverse 
| 
Basic minimum elongation for walls % in. and over in thickness, 
strip tests, and for all small sizes tested in full section 20 50 40 


When standard round 2-in. gage length test specimen is used..... 22 14 oy 25 
For strip tests, a deduction for each 'g in. decrease in wall thick- 
ness below % in. from the basic minimum elongation of the fol- 


@ The following table gives the calculated minimum values: 
Ferritic Austenitic 
Wall Thickness, in. ee 
ngi- | Longi- 
| tudinal Transverse tudinal Transverse 
(0.3125). . 30.00 20.00 50.00 40.00 
, 28.50 19.00 47.50 38.00 
ay (0.250) 27.00 18.00 45.00 36.00 
(0.156) 22.50 37.50 | 
(0.125) 21.00 35.00 | 


furnish one photomicrograph at 100 diameters 
from a specimen of pipe in the as-finished con- 
dition for each individual size and wall thickness 
from each melt, for pipe in nominal sizes 3 in. 
and over made to schedules 140 and 160, to demon- 
strate that such pipe conforms to the require- 
ments of Section 2 (d) when the order states that 
those requirements are to be met. Such photo- 
micrographs shall be suitably identified as to 
pipe size, wall thickness, and melt. No photo- 
micrographs for the individual pieces purchased 
shall be required except as specified in Paragraph 


S-/. 


Supplementary Requirements, Section 
S7.—Change from its present form to 


All photomicrographs required shall be properly 
identified as to heat number, size, and wall thick- 
ness of pipe from which the section was taken. 
Photomicrographs shall be further identified to 
permit association of each photomicrograph with 
the individual piece of pipe it represents. 


REVERSION OF STANDARD TO TENTATIVE 
Standard Specifications for Lap-Welded 
and Seamless Steel Pipe for High- 
Temperature Service (A 106-41): 
To incorporate new elongation values 
for seamless pipe, and to provide for the 
use of acid bessemer steel and the new 
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flattening test requirements, the follow- 
ing revisions are proposed following 
reversion of the specifications to the 
status of tentative. The latter action 
is felt justifiable because of the great 
importance of some of the changes, and 
it was deemed advisable to incorporate 
them in the specifications immediately. 


TABLE IV 


Tensile strengtb, min., pal. res 55 000 
Yield point, min., psi. , 30 000 
prot Transverse 


Elongation in 2 in., min., per shea 
cent: 
Basic minimum elongation 
for walls °% in. and over in 
thickness, strip tests, and 
for all small sizes tested in 
full section 30 20 
When standard round 2- -in, 
gage length test specimen 
is used 22 14 
For strip tests, a deduction 
for each 'm in. decrease in 
wall thickness below *¢ in. 
from the basic minimum 
elongation of the following 
percentage 


1,50* 


® The following table gives the calculated minimum 
values: 


Wall Thickness, in Transverse 

(0.3125) 30.00 20.00 

(0.281) 28.50 19.00 

(0.250) 27.00 18.00 

abe (0.2187) 25.50 
(0.1875)......... 24.00 
22.50 
(0.0987). ........ | 19.50 
| 18.00 


Section 2 (a).—Change the last sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


All seamless pipe shall be made of killed steel 
by [either or both] one or more of the following 
processes: open-hearth, [or] electric-furnace, or 
acid-bessemer. 

Table I.—Place a footnote a after the 
values of phosphorus, max. per cent for 
both grades A and B seamless and add 
the following as footnote a: 


When acid-bessemer steel is furnished for 
grades A or B seamless pipe, the phosphorus con- 


E A- 1 


tent shall be 0.11, max., per cent and the carbon v 
shall be 0.25 per cent. 
Section 7.—Change Paragraph (6) to a 
read as follows: speci 
(6) For grades A and B seamless pipe over 2 made 
in. in nominal diameter a section of pipe not | ard § 
than 23 in. in length shall be flattened cold | Seam 
tween parallel plates until the opposite walls 
the pipe meet. No cracks or breaks in the met and 
shall occur until the distance between the plates Seam 
is less than that calculated for the value of “S” 
by the following formula: 
where: 
S = distance between flattening plates in 
inches. Tensile 
¢t = nominal wall thickness of pipe in inches, a I 
D = actual outside diameter of pipe in inches, 
and 
e = deformation per unit length (constant for 
a given grade of steel, 0.09 for grade A Elonga 
and 0.07 for grade B). Basi 


Evidence of laminations or burnt material shall pac 


not develop during the entire flattening process bag 
Omit Paragraph (c) since reference a 
to grade B is included in new Paragraph i 
(b), above. 
Section 17.—Change the first sentence ee 
to read as follows by the addition of the 
italicized words and the omission of Wei 


those brackets: 


Each length of pipe manufactured in accord- 
ance with these specifications shall be legibly 
marked beginning within 12 in. from the end, 
either by stenciling, stamping, or rolling, with 
the manufacturer’s private identifying mark, 


together with the designation A 106-A (or B a * 
depending on the grade of seamless steel used, ie >, 
or no letter if lap-welded; where acid-bessemer oe 
steel is used, the word bessemer shall be added, i 
that is, seamless bessemer A or seamless bessemer at T 
B), the hydrostatic test pressure, and an addi (A 1! 
tional S if the pipe conforms in any case to the Tent 
supplementary requirements specified in Para- 
graphs S1 to S6. Carb 
for § 
Table II.—Modify the elongation to 1 
requirements on seamless grades A and inclu 
B by changing the table from its present by ¢ 
forms to read as shown in the accom- to re 
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EDITORIAL CHANGES 


To clarify the use of the standard 
round 2-in. gage length tension test 
specimen, an editorial change is being 
made in Sections 9 (6) and (c) of Stand- 
ard Specifications for Lap-Welded and 
Seamless Steel Pipe (A 106-41), 12 (b) 
and (c) of Tentative Specifications for 
Seamless Alloy-Steel Pipe for Service 


TABLE .—TENSILE REQUIREMENTS. 


being clearly indicated that this specimen 
may be used. 

Since certain pipe size schedule num- 
bers are not normally produced but for 
which dimensional requirements are 
given in tables in each of the above three 
specifications, editorial changes are being 
made to delete the nominal wall thick- 
ness values in Schedules 10, 20, and 30 


Seamless 
rade 
ay} ranks Hearth Grade A Silicon- 
(Note 2) 
Killed 
Tensile strength, min., Psi 5; ena es 45 000 48 000 60 000 
Yield point, min., psi 25 000 30 000 35 000 
Elongation in 8 in., min. , per cent 22 es + 
Elongation in 2 in., min., per cent: ana 
Basic minimum elongation for walls % in. and over : ate 
in thickness, strip tests, and for all small sizes Yr. fen 
tested in full section 35 25 30 16.5 Bis S 
When standard round 2-in. gage length test speci- ope” es 
men is used 28 20 22 12 : 
For strip tests, a deduction for each }@ in. dec rease “hi 
in wa thickness below 5% in. from the basic mini- 
mum elongation of the following percentage...... 1.75% 1,25¢ 1.50% 1.00% 
* The following table gi gives the » computed minimum values: 
Elongation, min. per cent 
Wall Thickness, in. Grade A Grade B 
Longitudinal Transverse Longitudinal Transverse 
5% (0.3125) 35.00 25.00 30.00 16.50 
% (0.281) 33.25 23.75 28.50 15.50 
\% (0.250) 31.50 22.50 27.00 14.50 
(0.2187) 29.75 25.50 
3% (0.1875) 28.00 24.00 
Sq (0.156) 26.25 22.50 
(0,125) 24.50 21.00 
3% (0.0937) 22.75 19.50 
Vig (0.0625) 21.00 18.00 


at Temperatures from 750 to 1100F. 
(A158-41T), and 13 (6) and (c) of 
Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel Pipe 
for Service at Temperatures from 750 
to 1000 F. (A 206 — 41 T) to provide for 
inclusion of the 2-in. pipe wall thickness 
by changing the words “exceeds ¢ in.” 
to read ‘2 in. and over” where it appears 
in each of these paragraphs; also it is 


for pipe 30 in. in outside diameter; in 
Schedules 140 and 160 for pipe 24 in. in 
outside diameter; and in Schedule 160 
for pipe 20in. in outside diameter. 
These changes will be accompanied by 
editorial modifications of certain notes 
accompanying the tables. 

The section on Marking in the above 
three specifications is being revised edi- 
torially by changing the sentence reading 
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BOILER STEELS 


“Marking shall be within 12 in. of one 
end of each length” to read ‘Marking 
shall begin within 12 in. of one end of 
each length.” 


Subcommittee XI 


The revisions in the following stand- 
ards are recommended for immediate 
adoption as standard: 

Standard Specifications for Molybdenum- 
Steel Plates for Boilers and Other 
Pressure Vessels (A 204-39): 

Table I.—Change the manganese re- 
quirement in grades A, B, and C from 
the present range of ‘0.50 to 0.90” to 
read ‘0.90, max.’’, per cent. 

This change is being made because it 
is advisable to keep the manganese 
under 0.50 per cent on light gage plates 
in order to stay within the tensile 
ranges enumerated, particularly on 
grade A. 

Standard Specifications for Carbon-Steel 
Plates for Stationary Boilers and Other 
Pressure Vessels (A 70-39): 

Section 1.—Revise to limit the thick- 
ness of flange quality plates covered by 
the specifications to be 2 in. max., and 
for firebox quality to be 4 in. 

This addition brings Specifications 
A 70 in line with the two other widely 
used plate specifications A 201 — 39 and 
A 212 - 39. 

Standard Specifications for Low-Carbon 
Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203 — 39): 
Section 1.—Add a new sentence at the 

end of this section to read as follows: 


This material is suitable for fusion welding. 


It is understood that the A.S.M.E. 
Boiler Code Specification S-43 which is 
identical with the A.S.T.M. Specifica- 
tions A 203 — 39 will be changed, thus 
providing for the use of this material in 
welding fabrication, 


& 
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COMMERCIAL BAR STEELS 
Subcommittee XV 


Standard Specifications for Commercial 
Quality Hot-Rolled Bar Steels (A 107 - 
40): 

The committee recommends for imme- 
diate adoption as standard the following 
changes in Table III affecting the last 
bracket for rounds 53 to 8in. and in 
Table V to provide an additional column 
for flats under } in. in thickness, in order 
that certain permissible variations may 
be in line with latest practice. The 
need for the change in Table V arises 
from a commercial reclassification of flat 
bars which now run down to 0.203 in. 
in thickness instead of 0.250 in. 

Table ITI.—Omit the last line and 
add the following material: 


| Variations from | Out-of- 


| Size, in. Round or 
Specified Size, in. ____| Square, 
| Over Under _ 
Over 5% to 6%, incl......... | & 0 0.070 
56 0 0.085 


Over 6% to 8, incl........... 


Table V.—Add a new column to cover 
material under } in. in thickness reading 
as follows: 


Under 4 
0.010 


Change the Note under this table to 
show that minimum thickness of flat 
bars is $f in. instead of } in. 

Subcommittee XV on Commercial Bar 
Steels, which is responsible for the 
Specifications for Commercial Quality 
Hot-Rolled Bar Steels (A 107 — 40) and 
also for the Specifications for Commercial 
Cold-Finished Bar Steels and Cold- 


Finished Shafting (A 108 — 36), has dis- 
cussed at two meetings the status of the 
chemistry requirements, and in March 
considered drafts of revised tables to 
bring the grades covered in line with 
latest decisions reached jointly by the 
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Society 
| the American Iron and Steel Institute. 


of Automotive Engineers and 


Action on a proposal to recast the grades 
of hot-rolled and cold-finished bars in 
these two specifications was deferred in 
view of probable further simplification 
by government agencies. Meanwhile 
comparison of the present compositions 
with the AISI-SAE grades indicates the 
committee’s selection of significant chem- 
ical grades was a pretty good job of 
pioneering and practically all will have 
their counterparts in the current stand- 
ardization. 


SHEET STEEL 
Subcommittee 


Tentative Specifications for Light Gage 
Structural Quality Flat Hot-Rolled Car- 
bon Steel (0.2499 and 0.1874 in. to 
0.0478 in. in Thickness) (A 245 — 41 T): 
To take care of a discrepancy in the 

test specimen section of this specifica- 

tion, issued as tentative last year, and 
to make it complete, it is recommended 
that the following changes be made: 


Section 7 (a).—Insert in the table for 
the three grades A, B, and C, the follow- 
ing minimum values for elongation in 2 
in. of 29, 25,and 22 percent, respectively. 

Section 9 (b).—Change from its present 
form to read as follows: 


(b) Tension test specimens shall have their 
longest axis in the direction of the last hot-rol- 
ling and shall be the full thickness of the 
material as rolled. Test specimens may be 
machined to the form and dimensions shown 
in Fig. 1 or 2 as specified. 


Figs. 1 and 2.—Add as Fig. 1 the 
standard rectangular test specimen with 
8 in. gage length and as Fig. 2 the stand- 
ard rectangular test specimen with 2 in. 
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STEEL 


gage length. These are the same as 
Fig. 1 and 2 which appear in the Tenta- 
tive Methods of Tension Testing of 
Metallic Materials (E 8-40T).’ 


Tentative Specifications for Light Gage 
Structural Quality Flat Rolled Carbon 
Steel (0.0477 to 0.0225 in. in Thickness) 
(A 246-—41T): 

To make these specifications all in- 
clusive, it is recommended that a figure 
(Fig. 2, showing the standard rectangu- 
lar (flat) 2-in. gage length specimen, 
appearing in the Tentative Methods of 
Tension Testing of Metallic Materials 
(E8-40T)’) be incorporated showing 
the test specimen dimensions, which will 
also involve modifications of Section 


9 (bd). 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: ay 

Chairman, N. L. Mochel. 

Vice-Chairman, H. B. Oatley, 

Vice-Chairman, E. F. Kenny. RS 

Secretary, H. P. Bigler. 


This report. has been submitted to 
letter ballot of the committee which con- 
sists of 230 members; 134 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
SON. L. Mocuet, 


Chairman. 
H. P. BIGLER, | 


Secretary. 
R. J. PAINTER, 


Staff Assistant. 


7 1940 to Boo 
Part I, p. 453 
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DESIGNATION 


= 


7 EA - A 139 


EA - A135 
EA- A211 
EA-A83 
EA-A 161 
. EA-A178 
-~A179 
~ A187 


A 226 


ate 
OF COMMITTEE A-1 


EDITORIAL NOTE 


Emercency ALTERNATE Provisions IN 


Standard Specifications for: 


Carbon-Steel Axles for Cars and Tenders (A 21 — 36) Re bt 

Carbon-Steel Forgings for Locomotives and Cars (A 236 ~ 42) 

Alloy-Steel Forgings for Locomotives and Cars (A 238 - 42) 

Wrought Stee! Wheels for Electric Railway Service (A 25 ~ 41) 

Wrought Steel Wheels for Electric Railway Service (A 25 - 41) 

Multiple-Wear Wrought Steel Wheels (A 57 - 39) 

One-Wear and Two-Wear Wrought Steel Wheels (A 186 - 39) 

Heat-Treated Wrought Steel Wheels (A 244 — 42) 

Black and Hot-Dipped Zinc-Coated (Galvanized) Welded and 
Seamless Steel Pipe for Ordinary Uses (A 120 - 42) 

Elec hey -Welded Steel Pipe (Sizes 30 in. and Over) 

- 42) 

Electric-Fusion-Welded Steel Pipe (Sizes 8 in. to but not In- 
cluding 30 in.) (A 139 - 42) 

Electric-Resistance-Welded Steel Pipe (A 135 - 42) 

Spiral-Welded Steel or Iron Pipe (A 211 — 40) 

Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler 
Tubes (A 83 - 42) 

Seamless Low-Carbon and Carbon-Molybdenum Steel Still 
Tubes for Refinery Service (A 161 - 40) 

Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler 
Tubes (A 178 — 40) 

Seamless Cold-Drawn oo Steel Heat-Exchanger and 
Condenser Tubes (A - 42) 

Seamless Cold-Drawn Alloy. Steel (4 to 6 per cent Chromium) 
Heat-Exchanger and Condenser Tubes (A 187 - 40) 

Seamless op eee (4 to 6 per cent Chromium) Still Tubes for 
Refiner rvice (A 188 — 40) 

ue Boiler Tubes for High-Pressure Service 
(A 192 = 40) 

Seamless Cold-Drawn Steel Heat-Exchanger 
and Condenser Tube 199 - 4 

Seamless Alloy-Steel, Sesuennadiats, ‘Still Tubes for Refinery 
Service (A 200 - 40) 

Seamless Alloy-Steel. Boiler and Super- 
heater Tubes (A 209 - 42 

Seamless Alloy-Steel Boiler ca Superheater Tubes (A 213 - 42) 

Electric-Resistance-Welded Steel Heat-Exchanger and Con- 
denser Tubes (A 214 — 42) 

Electric-Resistance-Welded Steel Superheater Tubes 
for High-Pressure Service (A 226 - 

Atomic-Hydrogen-Arc-Welded and Resistance-Welded 
Alloy-Stee f Boiler and Superheater Tubes (A 249 - 42) 


Tentative Specifications for: 


Electric-Resistance-Welded Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes (A 250 - 41 T) 


Subsequent to the annual meeting, the following Emergency Alternate Pro- 
visions, submitted by Committee A-1, were accepted by Committee E-10 on 
Standards on the date indicated: 


IssuED 


Oct. 5, 1942 
Aug. 12, 1942 
Oct. 5, 1942 
June 22, 1942 
Aug. 24, 1942 


une 22, 1942 

une 22, 1942 

une 22, 194 
Aug. 24, 1942 
Aug. 18, 1942 
Aug. 18, 1942 
Aug. 24, 1942 


Aug. 18, 1942 
Aug. 18, 1942 


Aug. 18, 1942 
Aug. 18, 1942 
Aug. 18, 1942 
Aug. 18, 1942 
Aug. 18, 1942 
Aug. 18, 1942 
Aug. 18, 1942 
Aug. 18, 1942 


Aug. 24, 1942 
Aug. 18, 1942 


Aug. 18, 1942 
Aug. 24, 1942 


Aug. 24, 1942 


ym These emergency provisions have been published in the ASTM BuLLETIN 
and have also been issued in the form of pink stickers for attachment to the 
standards to which they apply. 

Committee A-1 also submitted to Committee E-10 a revision of the Emer- 


gency Specifications for Carbon-Chromium Ball and Roller-Bearing Steels 


On August 24, 


ie a (ES-5). This recommendation was accepted by Committee E-10 on Septem- 

ber 16, 1942, and the revised emergency specifications issued under the designa- 
tion ES-5a appear in the 1942 Book of A.S.T.M. Standards, Part I, p. 954. 
EAs: 1942, Committee E-10 accepted the recommendation of 
Committee A-1 that the following standards be wthdrawn together with 
-EA~A 187 and EA- A 188: 


Standard Specifications for: 
Seamless Cold-Drawn Alloy-Steel (4 to 6 per cent Chromium) Heat-Ex- 
= changer and Condenser Tubes (A 187 — 40), and 
eithiaet Seamless Alloy-Steel (4 to 6 per cent ve Still Tubes for ~oro 

Service (A 188 — 40). 
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STATEMENT ON ELONGATION aeiuebars FOR STEEL PIPE 


Based on recommendations from Sub- 
committees IX on Steel Tubing and Pipe 
and XXII on Valves, Fittings, Piping 
and Flanges for High-Temperature and 
Subatmospheric-Temperature Service, 
Committee A-1 on Steel is asking the 
annual meeting of the Society to approve 
for reference to letter ballot for immedi- 
ate adoption proposed revisions in two of 
the most important A.S.T.M. specifica- 
tions for pipe: namely, the Standard 
Specifications for Welded and Seamless 
Steel Pipe (A53-—40) and for Lap- 
Welded and Seamless Steel Pipe for 
High-Temperature Service (A 106-41). 
These revisions, when adopted, will pro- 
vide that the required elongation values 
be related to the thickness of the ma- 
terial. A joint committee from the two 
subcommittees has studied this matter 
and approved a statistical analysis sub- 
mitted by H. R. Redington of the 
National Tube Co., chairman of the joint 
group. Since this recommendation is 
very significant, this statement is ap- 
pended to the report so that full infor- 
mation will be available to those who are 
concerned with the matter. The recom- 
mendations affecting the two standards 
are published previously in this report.’ 


Present Requirements and Discussion: 


In the two specifications under con- 
sideration, the tension test specimens are 
usually cut longitudinally from the pipe 
and not flattened between gage lengths, 
although if desired the test specimens 
may consist of a full section of the pipe 
up to the it of the testing ma- 


chine. When impracticable to use the 
full wall thickness, the A.S.T.M. stand- 
ard 2-in. gage length tension test speci- 
men, commonly termed the 0.505-in. 
round test specimen, may be used. The 
strip specimens have a width of 13 in 
and a gage length usually of 8 in.; for 
seamless pipe it is 2 in. It is obvious 
that with the strip specimen the thick- 
ness may vary from the very thinnest 
walls manufactured to walls well over 
1 in., thus presenting a wide variation in 
cross-sectional area with the gage length 
remaining the same. 

It is well known that for a given grade 
of steel the percentage of elongation ob- 
tained depends on the relation between 
the cross-sectional area and the gage 
length. With a constant gage length, a 
reduction in cross-section causes a reduc- 
tion in percentage of elongation. Be- 
cause of this, it is necessary to provide 
elongation requirements varying with the 
wall thickness, if the same grade of ma- 
terial is to be obtained in all cases. 

In connection with this problem of 
specifying elongation in relation to wall 
thickness (or cross-section area of speci- 
men), it is significant that manufacturers 
and consumers recognize this principle 
in other A.S.T.M. specifications; for 
example, the Standard Specifications for 
Low. Tensile Strength Carbon-Steel 
Plates of Structural Quality for Welding 
(A 78 — 40) in which a strip test specimen 
is used that is not at all unlike a strip test 
section from a pipe or tube. 


Statistical Analysis: 


To show the effect of variations in wall 
thickness on the elongation values a sta- 
tistical analysis was made of over 7500 
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tension tests, the data being submitted 
by six pipe manufacturers as follows: 
Youngstown Sheet and Tube Co., Repub- 
lic Steel Corp., Jones & Laughlin Steel 
Corp., Spang Chalfant Division of Na- 
tional Supply Co., National Tube Co., 
and Pittsburgh Steel Co. Tabulations 
of the resulting data, as applying to 
grades A and B pipe for which the ten- 
sile properties are the same in both 
Specifications A 53 and A 106, are given 
in the accompanying Tables I and II. 
(These data are for the most part from 
tests reported by the last four companies 
noted.) 

In making the statistical summary of 
this large number of tests the principles, 
elaborated in the ‘“‘A.S.T.M. Manual on 
Presentation of Data,’’ March, 1941, re- 
print, were used. The basic measures 
chosen for this study were: frequency 
distribution, computation of an average, 
and standard deviation. 

While the actual frequency distribu- 
tion is not shown in the tables, the num- 
ber of tests employed in making such a 
distribution isrepresented. The average 
for each distribution is shown in the third 
column as symbolized by X. The 
standard deviation, o, is shown in the 
fourth column. The fifth column, com- 
puted by subtracting three times stand- 
ard deviation (3c) from the average X, 
represents the probable minimum from 
any group of elongation values within 
the limits of wall thickness shown. Ex- 
pecting this minimum, column 6 repre- 
sents the percentage of the number of 
tests that would be expected to fail to 
meet the minimum elongation require- 
ment of 35 per cent prescribed by the 
specifications. 

Tables I and II, in addition to illus- 
trating the significant effect that wall 
thickness has on the percentage of elon- 
gation obtained with a strip tension test 
specimen 1} in. in width and 2 in. in gage 
length, taken from various wall thick- 
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Com MITTEE A-1 


(APPENDIX I) 


nesses of pipe manufactured to Specifica- 
tions A 53 and A 106, also demonstrat. 
the discrepancy in values resulting from 
use of the standard round tension test 
specimen with 2-in. gage length as com- 
pared to a strip specimen 1} in. in width 
in the heavier wall sections—0.750 in. 
and over—where the round specimen is 
now mandatory. It should be noted 
that the cross-sectional area of the 
standard round specimen with diameter 
of 0.505 in. is the same as the cross- 
sectional area of a 1}-in. strip specimen 
cut from pipe 0.134 in. in wall thickness. 
Conclusions: 

The following conclusions can be drawn 
from a study of Tables I and II: 

1. It is practically impossible to meet a 
minimum elongation requirement of 35 
per cent in grade A pipe when the wall 
thickness is lighter than #5 in. (0.3125 
in.). If an order were received for 2-in. 
standard pipe, the pipe tables call for 
0.154 in. wall thickness. From Table I, 
or II it is shown that this wall thickness, 
which is within the limitsof0.134 to 0.201 
in. would result in an average elongation 
of 37.8 per cent, while the probable mini- 
mum would be as low as 28.1 per cent. 
From a normal conception of an average 
value, it follows that about half of the 
tests would fall below 38.7 per cent. 
Since 35 per cent is the specification 
minimum there are certain percentages of 
the pipe with elongation values between 
35 and 38 per cent which will meet the 
specifications. To determine this sta- 
tistical number, subtract from 50 per 
cent to obtain the percentage of tests that 
will not meet the required elongation of 
35 per cent which results, in this case, in 
a figure of 18.5 per cent. It will be 
noted that in the case of thinner walls 
the percentage of tests not meeting the 
prescribed minimum is very high. 

2. Again referring to Table I, it is 
shown that the minimum elongation 
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TABLE I.—STATISTICAL SUMMARY OF ELONGATION VALUES OF GRADE A PIPE SHOWING EFFECT 
OF WALL THICKNESS. 


Chemical Composition: Tensile Requirements: 
Carbon, per cent ¢ Tensile strength, min., psi.. 
Manganese, per cent : Yield point, min., psi 
Elongation in 2 in., min., per cent 


Proposed Values (35 per cent — 1.75 
per cent for each yy in. below 0.312 
in. wall thickness) 


Percentage 
of Tests 
Probable | not Meet- 
Minimum, | ing Mini- 


Average | Standard 
Elonga- Devia- 


Number tion, per 


Wall Thickness, in. 


of Tests percent |__mum | Percentage 
oted cent | (¥ = 3e) | Elongation Wall 
of 35 per | Thickness, 
cent | in. 


of Tests 

not Meet- 
ing the 

Proposals 


Elongation, 
the (X) per cent 
eter 


0.100 and under A 1.40 
men 100 to 0.134 : 


1e€ss .134 to 0.201 


-OSS- 


.201 to 0.268 
268 to 0.335 


.335 to 0.402 

.402 to 0.469 
pet a .469 to 0.536 
-536 to 0.603 
35 


wall 

3125 

2-in. * Round 2-in. gage length specimen. 

| for 

le I, 

ness TABLE II.—STATISTICAL — OF ELONGATION valves OF GRADE B PIPE SHOWING 
? 1 EFFECT OF WALL THICKNESS 
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tion Chemical Composition: | Tensile Requirements: 
Carbon, per cent 4 .30 | Tensile strength, min., Psi 
‘nie Manganese, per cent : . Yield point, min., psi. 
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Elongation in 2 in., min., per cent 
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; Percentage cent — 1.50 per cent for 
the | Average Standard | Probable each 0.312 
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ition (YX (A = 30) | of 25 per Wall 
(X) cent Thickness, Elongation, 
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value of 35 per cent as now prescribed in 
these specifications is statistically the 
proper minimum and should not be 
raised above this figure. In standard or 
extra-heavy wall thicknesses, as, for 
example, 6-in. standard pipe, which calls 
for a wall thickness of 0.280 in., it is 
shown that while an average of 42.7 per 
cent would be obtained, a minimum of 
35.5 per cent must be expected, and any 
increase of this minimum would result 
in a large rejection of material. This 
indicates that the existing elongation re- 
quirement was based on properties of 
common pipe sizes and was undoubtedly 


proper at the time these specifications 


were written. 

3. An analysis of grade B tests in 
Table II shows that the effect is not so 
pronounced as it is with grade A. The 
minimum elongation value for grade B 
prescribed in the specifications is 25 per 
cent in 2-in. gage length as compared 
with 35 per cent for grade A. The results 
do indicate, however, that serious trouble 
can be expected in the lighter walls. 

4. The mandatory use of a standard 
round 2-in. gage length test specimen has 
a very definite effect on the elongation 
value obtained as compared with a strip 
tension test specimen 1} in. in width from 
the same wall thickness. For grade A 
the minimum to be expected is 25 per 
cent, and for grade B, 20.5 per cent, 
which would result in the rejection of 
36.3 per cent of tests for grade A and 6.2 
per cent for grade B. Comparing this 
with a strip test specimen from compar- 
able wall thicknesses, it is shown from 
results that in both analyses all strip 
tests would meet the suggested min- 
imum. 

5. No trouble can be expected in meet- 
ing the minimum elongation values of the 
specifications, using a strip tension test 
specimen 1} in. in width in wall thick- 
nesses heavier than 3 in. (0.3125 in.). 
But it is significant that the minimum 


elongation value to be expected in these 
wall thicknesses borders on the minimum 
now prescribed. This is particularly 
true with grade A. 


Summary and Recommendations: 


This statistical analysis demonstrates 
that the effect of wall thickness on the 
percentage of elongation value resulting 
from tension testing of light wall pipe or 
tubing is very pronounced. It also 
demonstrates that the results from the 
standard round 2-in. gage length speci- 
mens should not be compared with the 
results obtained from a strip test speci- 
men 1} in. in width in comparable wall 
thicknesses. It seems a reasonable con- 
clusion to state that it is virtually impos- 
sible to meet the minimum elongation 
requirements of the specifications dis- 
cussed. 

It will be noted from the section of the 
main report covering Pipe and Tubular 
Products* that revisions are proposed 
which, without altering the basic elonga- 
tion minimum as now prescribed for pipe 
or tubular products, would seem to offer 
an equitable adjustment. 

These changes are summarized as 
follows: 

(1) If the specified wall thickness is 
lighter than 7 in. (0.3125 in.), the mini- 
mum elongation shall be computed by 
subtracting 5 per cent of the specifica- 
tions basic minimum (1.75 per cent for 
grade A and 1.50 per cent for grade B in 
Specifications A 53 and A 106, longitudi- 
nal) for each #x in. of the specified wall 
thickness below 3°; in. 

(2) If the wall thickness is ? in. or 
over, and the standard round 2-in. gage 
length specimen is used, then the mini- 
mum elongation would be about 75 to 80 
per cent of the basic minimum of the 
specifications. 

(3) As an alternate to item (2) above, 
the strip test specimen 1} in. in width 
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may be used without reducing the basic 
minimum of the specifications (35 per 
cent). 

That these are not drastic reductions 
which would place the quality of the ma- 
terial from the standpoint of ductility in 
jeopardy is shown in the last three col- 
umns of Tables Iand II. It should be 
observed that the values shown are abso- 
lute minima (not average) and by the 
same principles used in the statistical 
analysis of the original data, it can be 
shown that the actual values would be 


Hail 


by 


99 


higher than the proposed minima to a 
considerable degree. For example, if a 
minimum value of 21 per cent is required, 
and we assume a standard deviation 
value of 3.4 per cent, then the average 
value would approximate 3 times 3.4 per 
cent plus 21 or 31.2 per cent. Mathe- 
matically, with the normal conception of 
an average, 50 per cent of the tests would 
exceed 31.2 per cent, or actually test as 
high as 41.2 percent. It is apparent that 
the range would be from 21 to 41 per 
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APPENDIX II 


REQUIREMENTS FOR STEEL 


PIPE 


Committee A-1 on Steel, through its 
Subcommittees [IX on Steel Tubing and 
XXII on Valves, Fittings, 


_ Piping and Flanges for High-Tempera- 


ture and Subatmospheric-Temperature 
Service, is recommending revisions in 
the flattening test requirements in the 


_ Standard Specifications for Welded and 


Seamless Steel Pipe (A 53-40) and 
for Lap-Welded and Seamless Steel 
Pipe for High-Temperature Service (A 

~41), and in the Tentative Speci- 


for Service at Temperatures from 750 


to 1100 F. (A 158 — 41 T) and for Seam- 


less Carbon-Molybdenum Alloy-Steel 
Pipe for Service at Temperatures from 
750 to 1000 F. (A 206 - 41 T). 

These recommendations, as detailed 
in the main report,' are based on exten- 
sive studies conducted by a special 


- committee consisting of members from 
both of the subcommittees. 


To have 
on record some of the essential informa- 
tion developed by the committee, in- 


_ cluding the derivation of the formula 


being recommended and also a compar- 
ison of existing flattening test require- 


ments as compared with those which 
will 


become effective as the recom- 
mendations are eventually approved, 


this statement is appended to the report. 


Discussion: 


With a great number of sizes and ex- 
tremely diverse wall thicknesses of 


1 See pp. 84 to 92. 


pipe covered in standard specifications, 
it has become increasingly apparent 
that some more rational system of deter- 
mining the amount of flattening that a 
pipe should withstand would be desir- 
able. At the same time if agreement 
could be reached it might satisfy cer- 
tain consumer groups which feel that 
more flattening should be done on heavy 
wall pipe; and objections of manufac- 
turers to the rather drastic amount of 
flattening on thin wall material might 
be overcome. 

The present requirements in some of 
the specifications listed above require 
the pipe to be flattened between parallel 
plates to an amount which may be one 
half or one third the outside diameter or 
5 or 7 times the wall thickness. The 
first requirement decreases the severity 
as the diameter increases, while a re- 
quirement based on the constant factor 
times the wall thickness results in in- 
creased severity with larger diameter. 
It was felt that some logical series of 
increments might be developed if the 
diameter and wall thickness were both 
taken into consideration and the commit- 
tee then investigated a formula, first de- 
veloped in 1931, which was based on the 
idea of establishing a test requiring equal 
fiber elongation in flattening on all 
sizes of pipe, with provision for suitable 
variation for different grades of steel 
and different ratios of thickness to 
diameter. 
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Derivation of Flattening Test Formula: 


(1 + et 
e+t/D 


S= between flattening plates, 
in inches, 
nominal wall thickness of pipe, in 
inches, 
= actual outside diameter of pipe, 
in inches and 
deformation per unit length (con- 
stant for a given grade of steel, 
0.09 for grade A and 0.07 for 


of 


! 
! 
| 
i 


actual outside diameter of pipe 

nomina! wall thickness of pipe wall, in inches, 

2r = distance between plates after flattening, 

D/2 = radius of tube before flattening, 

length of elementary arc, 

length of arc after test, 

angle subtended by /:, 

angle subtended by hk, 

area bounded by inside and outside diameter o tube 
and radia! lines forming angle @, an 

area bounded by inside and outside ‘diameter of semi- 
circular section of flattened specimen and radial 
lines forming angle ¢. 


Fic. 1.—Diagram Accompanying Flattening 
Test Formula. 


Referring to Fig. 1, it is assumed that 
the position of the neutral line (point 
midway between the inside and outside 
surface of tube wall) remains fixed during 
the test; also that the curved portion of 
the test specimen remains circular in 
form. These assumptions, while not 
strictly true, are considered sufficiently 
accurate as to not affect the practical 
value of the results. The length of the 


test ‘specimen should also be a few times 


101 


the wall thickness to avoid the “end 
effect” due to bulging of the ends. 

The change in length of the elemen- 
tary arc at the exterior surface due to 
bending is derived as follows: 

4 


e= 


and 


where: 

R-t 


A, = (2Rt — #) 


which integrated es: 


Similarly A, = (2rt — #2) 


Equating Eqs. 3 and 4: 


Substituting in Eq. 1: 
, — t) 


From Fig. 1: r = S/2 
R= D/2 
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(e + 1) — t/s(e — 1) tile: 
Multiplying by (1 — ¢/D) led 
1 
Ss 
_ ates 
e+t/D 


(1 + e)t/D 


or S = CD where C = 
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Results Using Formula and Comparison 


e+it/D 


Based 


Distance Between Plates, in., 


Proposed Distance Between Plates, 
in., by Formula: 


with Existing Requirements: 


w 
uw 


woo 
SES 


min 
nN 


1.750 


4.667 7.000 
4.667 7.000 
7.030 9.842 
5.333 8.000 
$.333 8.000 
7.810 10.934 
6.000 9.000 
6.000 9.000 
8.750 12.250 
6.667 10.000 
6.667 10.000 
8.750 12.250 
8.000 12.000 
8.000 12.000 
8.750 | 12.250 


coc 


10.000 


Required by A.S.T.M 
Nominal Weigh e+t/D 
Size, in. | Wall loot, Plain | Ratio, 

| Thick "Eads, ibs /D A 106 A 106 
ness, in. » Ibs. | 

| A206 | Grade A, | Grade B 

Grade A | Grade B e=0.09 | ¢=007 
3 0.216 7.57 0.062 1.167 1.750 1.750 1.549 1.751. 
3 0.300 10.25 0.085 1.500 2.100 2.100 1.869 2.071 
3 0.437 14.31 0.124 2.185 3.059 3.059 2.226 2.410 
4 0.237 10.79 0.053 1.500 2.250 2.250 1.806 2.067 
4 0.337 14.98 0.074 1.685 2.359 2.359 2.240 2.504 
4 0.437 18.96 0.097 | 2.185 3.059 3.059 2.547 2.800 
+ 0.531 22.51 0.118 2.655 3.717 3.717 2.783 3.022 
s 0.250 22.36 0.029 2.875 4.313 4.313 2.290 2.702 
s 0.500 43.38 0.058 2.875 4.313 4.313 3.682 4.180 
S 0.906 74.69 0.105 4.530 6.343 6.343 5.064 5.540 
10 0.250 | 28.04 0.023 3.583 §.375 5.375 2.412 2.876 
10 0.500 54.74 0.047 3.583 §.375 5.375 3.978 4.573 
10 1.128 | 115.65 0.104 5.625 | 7.875 7.875 6.321 6.918 
12 0.250 33.38 0.020 4.250 6.375 6.375 2.477 2.972 
12 0.562 73.16 0.044 4.250 6.375 6.375 4.571 5.275 
12 1.312 160.27 0.102 6.560 9.184 9.184 7.448 8.162 


After agreeing on the mathematical 
analysis which is based upon the geom- 
etry of flattening to be used, the next 
step was to determine by study of 
numerous flattening test data the ap- 
proximate fiber elongation factor ‘‘e” 
which might logically be used with the 
formula to cover various grades, sizes, 
and wall thicknesses of pipe. 


on considerable data which 


TABLE I.—COMPARISON OF PRESENT AND PROPOSED FLATTENING TEST REQUIREMENTS. 
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e = 0.08 
1.640 
1.963 
2.313 
¥ 
1.924 
2.363 
2.666 
893 
it 
14 $4.57 0.027 | 3.494 4.137 j 
14 84.91 0.042 4.897 5.665 
14 189.12 0.100 8.850 
8.066 
16 62.58 0.023 3.617 4.315 
ae 16 136.46 0.053 6.426 7.333 ‘ 
16 240.86 0.097 9.105 10.008 
18 81.97 0.024 4.178 4.974 
18 170.84 0.052 7.192 8.218 
18 303.72 0.097 10.200 11.213 
rae 20 104.13 0.025 4.739 5.632 5.143 
2 208.87 0.052 | 7.914 9.042 8.436 
2 341.10 0.088 10.716 11.851 11.250 
24 | 0.023 12.000 5.421 6.466 5.893 
24 296.36 0.051 12.000 9.416 10.771 10.038 
24 415.86 0.073 12.250 | 11.702 13094 | 12.353 
J 4 
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have been developed by the manufac- 
turers the committee has established 
the following values of ‘“‘e” for the 
specifications indicated: 


Specifications 


and A 106 { 


Ferritic 
\ Austenitic 


Value of e 


In a report submitted to the members 
of Subcommittees [IX and XXII, the 
Special Committee on Flattening Test 
Requirements included extensive tabular 
data showing the distance between the 
plates according to the present require- 
ments and the proposed distance result- 
ing from the use of this formula. To 
provide some idea of the changes in- 
volved, selections of the data are shown 
in the accompanying Table I. 


SF 


From these data it will be readily 
apparent that for grade A pipe the 
formula does not generally require such 
rigorous flattening as is now the case, 
although in thinner walls the require- 
ments according to the formula are more 
severe. In general, for grade B pipe and 
the carbon-molybdenum grade covered 
in Specification A 206, the values re- 
quired by the formula in the sizes which 
would be most likely used for power 
piping and pressure work would be 
comparable or generally more severe 
than now required. 

The recommendations setting up the 
use of this formula for the seamless 
grades A and B pipe covered in Specifica- 
tions A 53 and in the other three specifi- 
cations have been approved by letter 
ballot vote in Subcommittees IX and 
XXII. 
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STANDARDIZATION OF DIMENSIONS AND MATERIALS OF 
 WROUGHT-IRON AND WROUGHT-STEEL PIPE AND TUBING 


Sectional Committee B36 on Stand- 
ardization of Dimensions and Materials 
of Wrought-Iron and Wrought-Steel Pipe 
and Tubing has not met during the 
year. However, a number of matters 
were handled by correspondence and as 
indicated, on the recommendation of 
the sectional committee, the American 
Standards Association reapproved two 
American Standards in which revisions 
had been made and likewise approved 
seven A.S.T.M. standards as American 
Standard for the first time — 
the following designations: 


A.S.T.M. Standard Specifications for: 


Welded and Seamless Steel Pipe (A 53 — 40; 
ASA _ B36.1-1940), 

Lap-Welded and Seamless Steel Pipe for 
High-Temperature Service (A 106-41; 
B36.3-1942), 

Lap-Welded and Seamless Steel and Lap- 
Welded Iron Boiler Tubes (A 83-40; 
B36.12-1942), 

Electric-Resistance-Welded Steel and Open- 
Hearth Iron Boiler Tubes (A 178-40; 
B36.13-1942), 

Seamless Steel Boiler Tubes for High-Pres- 
sure Service (A 192-40; B36.14-1942), 

Medium-Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210-40; B36.15- 
1942), 

Spiral-Welded Steel or Iron Pipe (A 211 — 40; 
B36.16-1942), 

Seamless Alloy-Steel Boiler 

heater Tubes (A 213-40; 

~ 
Electrie-Resistance-Welded Steel Boiler and 

Superheater Tubes for High-Pressure Serv- 

ice (A 226-40; B36.18-1942). 


and Super- 
B36.17-1942), 


ASA Project: B36 


Eleetric-Fusion-Welded Steel 


Since certain revisions are being sub- 
mitted by A.S.T.M. Committee A-1 on 
Steel at this annual meeting in the fol- 
lowing standards, Sectional Committee 
B36 will give consideration during the 
year to the advisability of submitting 
these standards to the ASA for reap- 
proval as American Standard in their 
revised form: 


A.S.T.M. Standard Specifications for: 


Welded and Seamless Steel Pipe (A 53 — 40; 
ASA B36.1-1940), 

Lap-Welded and. Seamless Steel Pipe for 
High-Temperature Service (A 106-41; 
B36.3-1942), 

Pipe (Sizes 
30 in. and Over) (A 134 — 39; B36.4-1939), 

Electric-Resistance-W elded Steel Pipe 
(A 135 - 34; B36.5-1935), 

Electric-Fusion Welded Steel Pipe (Sizes 8 
in. to but not Including 30 in.) (A 139 — 39; 
B36.9-1939), 

Electric-Fusion-Welded Steel Pipe 
High-Temperature and High-Pressure Serv 
ice (A 155 — 36; B36.11-1939), 

Lap-Welded and Seamless Steel and Lap 
Welded Iron Boiler Tubes (A 83-40 
B36.12-1942), and Seamless Alloy-Steel 
Boiler and Superheater Tubes (A 213 — 40; 
B36.17-1942). 


for 


Respectfully submitted on behalf of 
the sectional committee, 


H. H. Morean, 
SaBIN CROCKER, 

Secretary. 
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While Committee A-2 on Wrought 
Iron has held no meeting during the past 
year, the committee has furthered some 
of its activities by correspondence, par- 
ticularly as regards the status of certain 
standard and tentative specifications. 

One resignation has been recorded 
since the last annual meeting; the mem- 
bership of the committee now totals 52, 
of whom 17 are classified as producers, 28 
as consumers, and 7 as general interest 
members. 


I. ADOPTION OF TENTATIVE 
STANDARD AS STANDARD 


Since no adverse criticisms have been 
received, the committee recommends 
that the Tentative Specifications for 
Single and Double Refined Wrought- 
Iron Bars (A 189-—39T) be approved 
without change for reference to letter 
ballot of the Society for adoption as 
standard. 


Il. REAFFIRMATION OF STANDARDS 


The committee has reviewed the fol- 
lowing specifications and definitions, 
which have been in effect for six or more 
years without revision, and since they 
are considered to be in agreement with 
current practice, they have been re- 
affirmed by the committee by letter bal- 
lot vote: 


WROUGHT IRON 


+1 


Standard Specifications for: 
Common Iron Bars (A 85 — 36), 
Refined Iron Bars (A 41 — 36), 
Riveted Steel and Wrought-Iron Pipe (A 138 

— 34), and 

Standard Definitions of: 
Terms Relating to Wrought Iron (A 81 — 33). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
52 members; 47 members returned their 
ballots, of whom 41 have voted affirma- 
tively, 0 negatively, and 6 members 
marked their ballots voting.” 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, C. B. Bryant. 

Vice-Chairman, James Aston. 

Secretary, W. C. Masters. 


This report has been submitted to let- 
ter ballot of the committee which con- 
sists of 52 members; 44 members returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 


Chairman. 
W. C. MASTERS, 


C. B. BRYANT, 
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ON 


_ CAST IRON 


Since the 1941 annual meeting of the 
Society in Chicago, Ill., Committee A-3 
on Cast Iron has held one meeting, in 
Cleveland, Ohio, on April 23, 1942. 
Another meeting will be held in June 
during the annual meeting of the 
Society. 

It is with sincere regret that the com- 
mittee records the death of Harold 
J. Stein of the Allis-Chalmers Mfg. Co. 

The following resolution has been 
adopted by the committee: 

RESOLVED: That in the death of Harold J. 
Stein, who was director of research, chemistry, 
and metallurgy with the Allis-Chalmers Manu- 
facturing Co., Milwaukee, Wis., as well as a 
member of Committee A-3 and other committees 
of the A.S.T.M., this committee recognizes and 
regrets the loss of his services. 

Since the 1941 annual meeting one new 
member has been elected, C. H. Lorig, 
Battelle Memorial Institute. The resig- 
nation of F. K. Vial was accepted with 
regret. 

The following changes in membership 
are recorded. 


E. K. Smith, now representing the Ordnance 


Dept. (formerly Electrometallurgical Corp.), 
A. J. Edgar, now representing the Gray Iron 

Institute, and 
John T. Jarman now representing the Allis- 

Chalmers Mfg. Co. 

The total membership of the com- 
mittee is now 112, of whom 35 are 
classified as producers, 48 as consumers, 
and 29 as general interest members. 

In accordance with the instructions of 
the committee, cooperation has been 
extended to the American Foundrymen’s 
Association in its efforts in promoting 
understanding and utilization of A.S. 


A War Advisory Board hes ell 
appointed as instructed by the com- 
mittee. This Board is prepared to help 
and advise in all practical ways in mat- 
ters of specification and _ technology 
which may be referred to them by 
Governmental agencies through the me- 
dium of A.S.T.M. Headquarters. The 


appointees are: as} 


J. T. MacKenzie (chairman), 
40 


W. L. Collins, 

R. G. McElw 

J. W. Bolton and E. R. Young, Ex-officio. 

As is evident in the following recom- 
mendations and subcommittee reports, 
work in clarification and simplication 
has been directed toward removal of 
obselete specifications, and the directing 
of other specifications toward the Gen- 
eral Castings Specifications A 48 — 41 
which are considered suitable as master 
specifications, having value for selection 
as well as for procurement whenever 
definite engineering properties are de- 
sired. Federal Specification QQ-I-652 
follows the strength and section provi- 
sions of Specifications A48. In the 
opinion of the committee, coming sub- 
stitutions of gray iron to replace more 
critical metals should be specified under 
true engineering specifications such as 
A.S.T.M. Standard A48 and Federal 
QQ-I-652, for all specific applications. 
(Distinction should be made between 
product specifications and material spe- 
cifications.) 


EMERGENCY ALTERNATE PROVISIONS 


On the recommendation of Com- 
mittee A-3, proposed Emergency Al- 
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ternate Provisions in the Standard 
Specifications for Lightweight and Thin- 
Sectioned Gray-Iron Castings (A 190 - 
40), which provide for the deletion of 
certain references to physical properties, 
were accepted by Committee E-10 on 
Standards on June 18, 1942 and have 
been published as stickers for attachment 
to the specifications to which they 
apply. They have also been published 
in the ASTM Buttetin, No. 117, 
August, 1942, p. 73. This emergency 
alternate is believed desirable since the 
basic objective of the specifications is to 
promote production of light sectioned 
castings of maximum machinability 
and the meeting of minimum physica 
requirements is contrary to this objec- 
tive, and likely to cause misunderstand- 
ing and loss of time and tools in war 
production. 


I. New TENTATIVE STANDARD 
The committee recommends that the 
Method of Compression Testing of Cast 
Iron,’ be accepted for publication as 
tentative. 


II. Revision OF TENTATIVE 
STANDARD 
On the recommendation of Subcom- 
mittee X on Nomenclature ‘and Defini- 
tions, the committee recommends that 
the Tentative Definitions of Terms 
Relating to Cast Iron (A 196-36 T) 
be revised as appended hereto? and 
continued as tentative. 


III. REvIsion OF STANDARD, IMMEDIATE 
ADOPTION 

On the recommendation of Subcom- 
mittee XVII on Gray Iron Castings for 
Valves, Flanges, and Pipe Fittings, the 
committee recommends for immediate 
adoption the following revisions in the 
Standard Specifications for Gray Iron 
Castings for Valves, Flanges, and Pipe 


'‘ This method was accepted as tentative by the Society 
and appears in the 1942 Book of A.S.T.M. Standards, 
Par tl, p. 1077. 

* These revised definitions were accepted as tentative 
by the Society and appear in the 1942 Book of A.S.T.M. 
Standards, Part I, p. 1090. 


On Cast IRON 


Fittings (A 126 40),? and accordingly 
at the annual meeting in order that these — 
modifications may be referred to letter _ 
ballot of the Society. This action is 
subject to concurrence by the Manu- 
facturers Standardization Society. 

Section 2.—Change to read as follows 
by the addition of the italicized words 
and the omission of the words in 
brackets: 

2. [Process] Control.—|The iron shall be made 


by the cupola, air-furnace, electric-furnace, or 
other approved process.| 


The iron shall be 
produced under regular chemical and physical a aes. 


control [and shall be gray iron of high quality] — 


in accordance with these specifications. 
Section 7.—Make this section 
graph (a) and change the first sentence 


to read as follows by the addition of the — 
italicized words: 


Tension test specimens, which may be sa 


as shown in Fig. 1, shall conform to the 


dimensions shown in Fig. 2, shall be reasonably . 
smooth and round at breaking section, and 


shall be tested without machining except that © 
the enlarged ends shall be threaded (1j-in. 
U. S. standard threads are recommended). 


Add a new paragraph (5) to read as 
follows: 


(b) Test specimens described herein have 
been developed to maintain uniformity of 
product control, particularly for large scale 
production of articles covered in Section 1 on 
scope. However, these specifications extend to 
the founder, manufacturer, or producer the 
option, either for convenience in testing ma- 
terials on individual jobs or orders placed with 
manufacturers not regularly producing castings 
under the scope of these specifications, or as a 
regular practice, to substitute test specimens and 
testing procedure in accordance with the Stand- 
ard Specifications for Gray Iron Castings (A.S. 
T.M. Designation: A 48) of the American 
Society for Testing Materials. In cases of such 
substitutions, the requirements of Standard A 48 
for both tensile (as determined by the B or 1.20 
in. diameter bar) and transverse tests and 
these requirements only shall govern and classes 
20, 30, and 40 of Standard A 48 shall be con- 
sidered equivalent to classes A, B, and C, re- 
spectively, of Specifications A 126. 


1940 to Book of A.S.T.M. Standards, 
Part I, p. 140 
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Figure 1.—Add an asterisk next to the The following editorial change in the # Stanc 
dimensions shown on the ingress gate Standard Specifications for Gray Iron §§ Iron 
referring to a note reading as follows: Castings (A 48 —41)* was recommended J subm 

Note.—These dimensions are suggested as Jointly by Subcommittee ve on Cae _ 
satisfactory for average conditions, but may be Castings and Subcommittee XI on J sente 
varied best to suit individual pouring practices. Methods of Testing and approved by in Ju 
Committee A-3 at its Cleveland meeting: Su 


AS STANDARD Figure 2.—Change the machined diameter of -~ 

The committee recommends that the the type B tension test specimen from ‘‘0.800” 0. B 
Tentative Specifications for Cast Iron °° "#4 “0.750” in. ye 
Soil Pipe and Fittings (A 74 — 39 T)* be This change does not affect the re / 
approved without change for reference strength test values and eliminates the ae, 
to letter ballot of the Society for adop- tendency toward shoulder breaks some- rate 
tion as standard. times encountered in testing higher 
strength classes of iron with reduced sec- Su 
tion 0.800 in. in diameter. Whee 


IV. ApopTiION OF TENTATIVE STANDARD 


> a, V. WITHDRAWAL OF STANDARD AND 
TENTATIVE STANDARD 


__-It is recommended that the Standard The recommendations appearing in as ch 


Specifications for Cast-Iron Locomotive _ this report have been submitted to letter gret 
Cylinders (A 45~—14)* and the Tenta- ballot of the committee which consists oe : 
tive Specifications for Chilled-Tread of 112 members, with the results shown heath 
Cast-Iron Wheels (A 46 — 30 T)5 be with-in Table L. Whee 
drawn in accordance with action taken parec 
at the June, 1941, and March, 1942, TABLE I.—ANALYSIS OF LETTER BALLOT VOTI oma 
VI. EprrortAL CHANGES IN STANDARD ive | tive | “Not (H. 


AND TENTATIVE STANDARD comn 


The following editorial changes in the _ 1. New Textarive Staxparp A-3 1 
~ EVISION OF ENTATIVE 
Evaluating the Microstructure of Graph- STANDARD cast 
ite in Gray Iron (A 247-41 T)* were Def. of Tamme Betating to Cast of th 
recommended by Subcommittee VIT on shaves 8 


Microstructure of Cast Iron and ap- 
proved by Committee A-3 at its Cleve- “'Vaives, Flanges, and Pipe Fit- spect 


land meeting: tings (A 126 - 40) vis ) Su 
IV. Apoption oF TENTATIVE! of Ca 
A ppendix.—Change the title of the STANDARD AS STANDARD : 


appendix from “Recommended Pro- Snec. for Cast Tron Soil Pipe and An 


Fittings (A 74 - 39 . 
cedure for Polishing Microsections of wrryprawan or Stanparp 


Cast Iron,” to read “Suggested Proce- AND TENTATIVE STANDARD geste 
‘ for Cast-Iron tive 
dures for Polishing Microsections of WSiinders (A 14) 


” Spec. for Chilled-Tread Cast- Iron Evah 
Cast Iron. Wheels (A 46 - 30 T). te is 


Add as an alternative procedure the - 


method of Beregekoff and Forgeng.’ St 
ACTIVITIES OF SUBCOMMITTEES vealit 


‘ ue Book of A. S. .T.M. Standards, Part I, p. 974. unde: 
p. 491 and 976. 
© 1941 ‘Supplement to Book of A.S.T.M. Standards, Subcommittee I on Pig Iron (H. M. 


Part I, : B Tecog 

THe ee new procedure has been incorporated in the Rich, chairman).—A_ revision of the featu 
Tentative Recommended Practice A 247 which appears — -— 
in its latest form in the 1942 Book of A.S.T.M. Standards, $1941 permet to Book of A.S.T.M, Standards, @ and j 
Part I, p. 1079. Part I, P- 
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Standard Specifications for Foundry Pig 


| Iron (A 43 — 24) has been prepared, and 


submitted to letter ballot in the sub- 
committee. This revision will be pre- 
sented to Committee A-3 at its meeting 
in June. 

Subcommittee III on Cast Iron Loco- 
motive Cylinders.—The resignation of 
0. B. Schultz as chairman has been 
accepted with regret and the subcom- 
mittee disbanded. The withdrawal of 
the Standard Specifications for Cast- 
Iron Locomotive Cylinders (A 45 — 14) 
has been recommended as mentioned 
earlier in this report. 

Subcommittee IV on Cast-Iron Car 
Wheels.—The resignation of F. K. Vial 
as chairman has been accepted with re- 
gret and the subcommittee disbanded. 
The withdrawal of the Tentative Speci- 
fications for Chilled-Tread Cast-Iron 
Wheels (A 46 — 30 T), originally pre- 
pared by this subcommittee, is being rec- 
ommended as mentioned earlier in this 
report. 

Subcommittee VI on General Castings 
(H. Bornstein, chairman).—This sub- 
committee recommends to Committee 
A-3 that Standard A 48 should be con- 
sidered the master specifications for 
cast iron, and that other specifications 
of the Society, involving gray iron cast- 
ings wherein strength of the material is 
a consideration, conform in general with 
Specifications A 48. 

Subcommittee VII on Microstructure 
of Cast Iron (G. F. Comstock, chairman). 

An alternate polishing method is 
recommended as an addition to sug- 
gested polishing methods in the Tenta- 
tive Recommended Practice for 
Evaluating the Microstructure of Graph- 
ite in Gray Iron (A 247 —- 41 T). 

Studies of methods adaptable to re- 
vealing cell size in gray iron will be 
undertaken. This is and has _ been 
recognized as a significant structural 
feature, and research to establish definite 
and improved techniques for its revela- 
tion is contemplated. 


On Cast IRON 


Subcommittee VIII on Cast-Iron Cul- 
vert Pipe (W. J. Schlick, chairman).— 
It is reported that culvert pipe is not a 
current item of manufacture during the 
period of National Emergency. 

Subcommittee X on Nomenclature and 
Definitions (A. J. Herzig, chairman).— 
As mentioned earlier in this report, this 
subcommittee has recommended revi- 
sions in the Tentative Definitions of 
Terms Relating to Cast Iron (A 196- 
36 T). 

Subcommitiee XI on Methods of Test- 
ing (V. A. Crosby, chairman).—By 
letter ballot, this subcommittee recom- 
mends that Standard A 48 — 41, be con- 
sidered the master specifications for gray 
iron castings of the Society and that the 
test bars and tensile strength and trans- 
verse strength requirements thereof be 
adopted as the basis for all specifications 
under the jurisdiction of Committee 
A-3 wherein the strength characteristics 
of the material are a consideration. 

A proposed Method of Compression 
Testing of Cast Iron' has been prepared 
by this subcommittee, and is presented 
for publication as tentative. A paper 
on “Compression Testing of Cast Iron,” 
by W. Leighton Collins is appended to 
this report. 

A recommended practice on torsion 
testing has been prepared and, if ap- 
proved by letter ballot of the sub- 
committee, will be presented to Com- 
mittee A-3 at the June meeting.’ 

Subcommittee XV on Impact Testing 
(J. T. MacKenzie, chairman).—Neither 
the subcommittee nor the testing ma- 
chine manufacturers feel that work on 
development of a “‘standard’’ machine 
is justified at this time. 

Subcommittee XVI on Heat Treatment 
of Cast Iron (J. S. Vanick, chairman).— 
Investigation of effects of changes in 
dimensions upon design or preferred 
tension test specimen and method of 
testing hardened unmachinable cast iron 
is being continued. A proposed Recom- 


® See Editorial Note, p. 110. 


1era 
by 
ting: 
800 ; 
| 
| 
the 
ome- 
igher | 
54" 
are 
VOTI nt: | 
Ballot 
Marked 
“Not 
Joting oT 
= 
10 
| 
nae 
xe 
3 
16 
f the 
andards, 
iy ny 
t 


mended Practice for Tension Testing of 
Heat-Treated Gray Iron Castings is in 
a preparation by this subcommittee. 

=a As representative of Committee A-3 
on the E-8 Subcommittee on Definitions 
of Terms Relating to Heat Treatment, 
J. S. Vanick has cooperated in the review 
of the proposed Glossary of Heat Treat- 
_ ing Terms prepared by the Joint Com- 
mittee on Definitions of Terms Relating 
to Heat Treatment, consisting of repre- 
sentatives of the A.F.A., A.S.M.,S.A.E., 
and A.S.T.M.” 

Subcommittee XVII on Gray Iron 
Castings for Valves, Flanges, and Pipe 
Fittings (J. J. Kanter, chairman).—This 
subcommittee wishes to emphasize that 
the Standard Specifications for Gray 
Iron Castings for Valves, Flanges, and 
Pipe Fittings (A 126 — 40) are primarily 
product specifications and are not in- 
tended to include provisions for an engi- 
neering material in terms of strength in 
given sections. These specifications 
were prepared in response to a request 
from the Manufacturers Standardiza- 
tion Society of the Valve and Fittings 
Industry and have proved suitable for 


See p. 482. 
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certification as to the relative quality 
of metal as poured into the test bar 
covered in the specifications. The re- 
visions being recommended in these 
specifications, mentioned earlier in this 
report, are presented subject to approval 
by letter ballot of this subcommittee 
and to confirmation by the M.S.S. 

Subcommittee XVIII on Automotive 
Castings (A. L. Boegehold, chairman).— 
Curtailment of production makes it un- 
necessary to give consideration to this 
product for domestic use at this time. 
The subcommittee awaits any requests 
that may be made with respect to 
similar products for war usage. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 112 members; 70 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


4 


J. W. Botton, 
Chairman. 


E. R. Younc, J. T. MacKeEnziE, 


Secretary. icf» Vice-Chairman. 


urate 


Torsion Tests of Cast Iron. 


serial designation A 260 — 42 T. 


ay 


NOTE 


Subsequent to the annual meeting, Committee A-3 presented to the Society 
through Committee E-10 on Standards a new Recommended Practice for 
This recommended practice was accepted by 
Committee E-10 for publication as tentative on August 24, 1942, and appears in 
the 1942 Book of A.S.T.M. Standards, Part I, p. 1087, bearing the A.S.T.M. 
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“ secure axial loading are described. 
0 > 
The need for information on com- 
to pression testing of cast iron results from 
ch an attempt of Subcommittee XI on 
rs Methods of Testing of the Society’s 
ve Committee A-3 on Cast Iron to prepare 


a recommended practice for compression 
testing of cast iron. Because of the 
of many questions that arose, such as 
method of loading and type of specimen, 
the author was asked to present a 
description of the apparatus used to 


‘i insure axial loading, the type of speci- 
Ey men, and the test procedure that have 
n. been satisfactorily used at the University 


of Illinois. It is not intended that this 
should be an explanation of a highly 
precise and time-consuming research 
procedure but rather that it be a dis- 
cussion of a useful and reliable method 
of careful testing that can be followed 
in any testing laboratory and that will 
give reproducible results which are real 
measures of the properties of cast iron 
and not values that are a function of the 
method of testing. 

The apparatus used to insure a satis- 
factory degree of axiality of loading is 
shown in Fig. 1 and consists of a heavy, 
closed steel frame through the top of 


1 Assistant Professor, Department of Theoretical and 
Applied Mechanics, University of Illinois, Urbana, Ill 


APPENDIX 


eerie COMPRESSION TESTING OF CAST IRON 


SYNOPSIS 


A useful and reliable method of compression testing that has been used 
satisfactorily at the University of Illinois and that can be used in any testing 
laboratory is presented. The types of specimens and the compression tool to — 


which a vertical plunger moves. 
specimen to be tested is placed between he 
the plunger and a hardened steel anvil 
which rests on the bottom of the frame. 
It will be noted that the device is similar 
to the compression tool shown in Fig. 3 
of A.S.T.M. Tentative Methods of Com- 
pression Testing of Metallic Materials 
(E 9 — 33 T),? except that the frame is 
made more rigid by making it a closed 
“ring” in order to reduce to a minimum 
the bending of the specimen due to 
deformation of the frame. Several simi- 
lar devices, open on one side and also 
with closed frames of cast iron, had been 
built and used but were discarded be- 
cause they were not sufficiently rigid 
or broke too easily if the top bearing 
block was accidentally run down onto 
the frame. 

Axiality of loading is produced by 
means of a ball bearing at the top of the 
plunger and a soft steel plate with a 
“Brinell impression,” by having a close 
fit between plunger and frame and by 
having the horizontal surfaces of the 
bottom of the frame, the hardened 
anvil, and the plunger as nearly parallel 
as possible. The ends of the specimen, 
of course, must be perpendicular to the 


2 1939 Book of A.S.T.M. Standards, Part I, p. 1230 
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axis of the specimen and carefully 
machined; the specimen itself also must 
be carefully centered on the anvil by 
means of a’split collar, as described in 
the next paragraph. 

The ball bearing and soft-steel plate 
eliminate most of the undesirable effects 
resulting from improper alignment of 
the heads of the testing machine or 
rotation of the movable head as load is 
applied. The long guide for the plunger 
increases rigidity, and also insures that 
the face of the plunger moves vertically 
downward as load is applied; it also 


Ball Bearing 
Soft Steel ——/3 in. diom. 
Bearing | t 
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Split Collor for 
Centering 
Insert Plug’ for Centering 
in Testing Machine 
2 
Fic. 1.—Compression Tool. 


means that forces perpendicular to the 
plunger, and thus friction resisting the 
applied load, will be small. The hard- 
ened steel anvil is carefully centered in 
the bottom of the frame by means of a 
hole in the frame and a lug on the anvil. 
The anvil is also carefully turned in 
order that the specimen can be centered 
by means of a split collar, shown in Fig. 
1. The collar, machined to fit the anvil 
and specimen, is used only to center the 
specimen and is removed during actual 
testing. A different collar is used for 
each size of specimen. It should also 


be noted that the bottom of the frame 


has a hole, concentric with the axis of 


the plunger and anvil, into which a close- 
fitting pin can be inserted for centering 
the entire apparatus on the weighing 
platform of the testing machine. 

The precautions mentioned above have 
permitted the use of cylindrical speci- 


mens, that is, specimens not having the 


Fic. 2.—Ruptured Specimens of Cast Iron. 
Top—L/d = 6 
Bottom—L/d = 3. 


flared ends shown in Fig. 1 of Tentative 
Methods E 9 — 33 T2 No premature 
cracking or chipping of the ends of 
specimens has been observed; likewise, 
failures due to bending or fracture have 
not occurred consistently on a side 
toward any one given point of the 
apparatus. In fact, the apparatus has 
been used successfully for compression 
testing of both steel’ and cast iron.‘ 


?W. Leighton Collins, Discussion of paper by Bruce 
Johnston and Francis Opila, “Compression and Tension 
Tests of Structural Alloys,”’ Proceedings, Am. Soc. Testing 
Mats., Vol. 41, p. 574 (1941). 
4W. Leighton Collins and James O. Smith, “‘The Notch 
Sensitivity of Alloyed Cast Irons Subjected to Repeated 
and Static Loads,” see p. 639. 
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both steel’ and cast iron. A photograph 
of ruptured specimens of cast iron of 


1g 
- specimen having a diameter of 0.75 both sizes is shown in Fig. 2. 
in., a gage length of 2 in. (for determin- It appears to the author that the flared 
ve ing modulus of elasticity) and a small ends were designed to secure a distribu- 
j- L ; ., tion of stress throughout the length of 
he length to diameter, d’ ratio to avoid constant diameter ia is not swale 
excessive bending due to column action influenced by friction on the ends of the 
cannot be obtained from a 1.2-in. specimen and to approach more nearly 
diameter flexure test bar. For deter- fixed end conditions, to reduce bending, 
mining ultimate strength, specimens for specimens with large values of : 
having a diameter of 0.75 in. and an @ ‘Whether specimens with’ flared ends 
ratio of 3 have been used. The ap-_ would give the same results as specimens 
paratus shown in Fig. 1 permits the of the same diameter and with the same 
use of specimens having a diameter of constant diameter length but without 
0.75 in. and an ratio of as great as 6, eye of 
d and requires some experimental study. 
and such specimens have been used for The author suggests that Committee A-3 
determining modulus of elasticity for undertake such an investigation. 
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Mr. J. S. Vanicx'.—This paper by 
Mr. Collins constitutes the frame-work 
upon which Committee A-3 on Cast 
Iron built its recommended practice for 
compression testing. There are several 
laboratories other than the University of 
Illinois that employ the straight end 
specimen. The committee encountered 
some criticism of the proposed method 
to the extent of pointing out that pre- 
cision in squaring the ends of the speci- 
men was necessary, and that spherical 
joints in the testing fixture were neces- 
sary to avoid edge cracking of the 
specimen under test, particularly with 
hard or brittle and possibly white iron. 
Since such irons are in the minority and 
testing them under compression is in- 
frequent, it was considered possible that 
under such difficult conditions specimens 
with the bell-shaped ends might be 
necessary to increase the bearing area 
and reduce the risk of edge cracking on 
the ends. Therefore, Mr. Collins makes 
a plea in his paper that this point be kept 
under observation. Meanwhile, in the 
interest of simplicity and economy the 
straight end specimen was adopted in 
the committee’s recommended practice. 

Mr. M. F. Sayre.*—I am glad to see 
this evidence of additional interest in 
the compression testing of metals. A 
word or so, however, might be said about 
what I suspect is the reason for some of 
the peculiarities in compression testing. 
Metallursist, The International Nickel Co., Inc., 
New York, 

5 Teucive Method of Compression Testing af Cast 
ee an 1942 Book of A.S.T.M. Standards, 


* Professor _of Applied Mechanics, Union College, 
Schenectady, N. Y. 


I rather think that the real reason for 
the use of the spherical seat rather than 
simple flat ends is the inaccuracy in 
machining, as of some years ago, and 
that with the increased accuracy of 
machine work now obtainable, the need 


for a spherical seat is decreasing. 
Along with that has come an improve- 
ment in technique of construction of the 
testing machines themselves. 

A word of caution should be given as 
regards the compression fixture de- 
scribed here. The fixture contains a 
plunger working in a rather closely 
fitting sleeve, loaded by means of a 
firmly seated ball at the top. If the 
testing machine is in an ideal condition, 
with the fixture placed vertically in the 
machine, then the up-and-down move- 
ment of the testing machine will cause 
the plunger to move parallel to itself; 
but if there are any defects in the testing 
machine, then the head will tend to move 
sideways slightly and produce what may 
be quite a large friction between the 
plunger and the sleeve. This could 
probably be obviated by the use either 
of the ball bearing joint shown in the 
top of the compression fixture in the 
Tentative Methods of Compression Test- 
ing of Metallic Materials (E 9 — 33 T),‘ 
or by the use of some other device which 
will allow a certain amount of lateral 
play. 

I do not think that this is a major 
objection, but I think it is an indication 


41939 Book of A.S.T.M. Standards, Part I, p. 1230. 
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that caution must be used in operating 
with this particular type of fixture. 

Mr. H. F. Moore.>—As Mr. Collins 
has kindly but erroneously given me 
credit for designing this compression 
fixture described in the paper, I wish first 
to deny that. It is copied quite closely, 
with modifications, from one proposed in 
this country by R. R. Moore. In the 
apparatus as he used it there were 
placed balls or rollers underneath the 
yoke on the table of the testing machine, 
so that some sideways motion could take 
place with very little friction. As a 
matter of fact, the device now used at 
the University of Illinois was designed 
for student use, and the rollers were 
found to bea great deal more trouble 
than they were worth and were left out. 
I think the idea came first from some of 
the British laboratories. 

Mr. W. LeicutTon (author’s 
closure).—Mr. Vanick’s statement that 
‘hard or brittle and possibly white iron” 


5 Professor of Engineering Materials, University of 
Illinois, Urbana, I 

6 Assistant Professor, Department of Theoretical and 
Applied Mechanics, University of Illinois, Urbana, Ill. 
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might crack along the edges if cylin- 
drical specimens are used, is a worthy 
comment. The author’s tests have not 
included such materials and conse- 
quently no data other than those already 
referred to,’ in which ultimate compres- 
sive strength varied from 80,000 psi. to 
236,000 psi., can be cited. 

The author agrees with Mr. Sayre 
that the device described does not pro- 
vide adequately for undesirable lateral 
shifting of the head of a defective test- 
ing machine. The ball-bearing joint 
shown at the top of the compression 
tool in the Tentative Methods E9- 
33 T,* would, as Mr. Sayre states, per- 
mit such undesirable translatory motion 
without producing excessive friction. 
Also, as Mr. Moore states, balls or 
rollers placed under the yoke of the com- 
pression tool on the table of the testing 
machine is another method of over- 
coming the same difficulty. 


7W. Leighton Collins and James O. Smith, “The 
Notch Sensitivity of Alloyed ‘ast Irons Subjected to 
Repeated and Static Loads,” see p. 639. 


| 
for = 
1an 
in 
ind 
of + i 
eed 
ing. 
ve- a 
the 
de- 
5 a 4. A 
ely 
| 
the 
the 
ve- ‘ 
use 
elf; 
ting 
ove 
nay | 
the 
yuld | 
ther 
the 
the 
est- 
T), 
j 
eral 
ajor 
tion | hs 


> 


REPORT OF COMMITTEE A-5 its 


- CORROSION OF IRON AND STEEL 


Committee A-5 on Corrosion of Iron 
and Steel has held two meetings during 
the past year: one on June 24, 1941, 
during the annual meeting of the So- 
ciety in Chicago, Ill., and the other in 
Philadelphia, Pa., on January 14, 1942. 

Since the last report 6 new members 
have been elected and 6 members have 
resigned. The committee membership 
now totals 130, of whom 58 are classified 
as producers, 44 as consumers, and 28 as 
general interest members. 


EMERGENCY STANDARD 

Emergency Specifications for Lead 
Coating (Hot-Dip) on Iron or Steel 
Hardware were prepared by the Section 
on Lead-Coated Hardware under the 
chairmanship of B. J. Barmack in order 
to conserve other metallic-coating ma- 
terials. These specifications were based 
on considerable research and test work 
carried out by the Bell Telephone Labo- 
ratories, Western Electric Co., and the 
Commonwealth Edison Co. They were 
accepted by Committee E-10 on April 6, 
1942, under the emergency procedure, 
and published under the designation 
ES-2.! 


RECOMMENDATIONS AFFECTING 
STANDARDS 


It has been decided that no changes 
are needed in the standards sponsored 
by this committee and it is therefore 
recommended that these standards be 
reprinted in the 1942 Book of A.S.T.M. 
Standards in their present form. The 


1 These emergency specifications appear in the 1942 


Book of A.S.T. “Stand ards, Part I, p. 950. ae 


results of the letter ballot vote in the 
committee on continuing the specifica- 
tions and recommended practice in 
their present status without revision 
are given in Table I. 


TABLE I —-ANALYSIS OF LETTER BALLOT VOTE 
Ballots 
iv 
Voting 


I. REAFFIRMATION OF STANDARDS 


Spec. for Zinc-Coated (Galvanized) 
Iron or Stee! Sheets (A 93 - 27) 68 0 13 
Spec. for Zinc-Coated (Galvanized) 
Iron or Stee] Telephone and Tele- 
graph Line Wire (A 111 — 33) | 64 0 17 
Spec. for Zinc-Coated (Galvanized) 
Iron or Steel Tie Wire (A 112 - 
33) 62 0 19 
Spec. for Zinc-Coated Iron or Steel 
Chain-Link Fence Fabric Gal- 
vanized After Weaving (A 117 
33) 60 0 21 
Spec. for Zinc (Hot-Galvanized) 
Coatings on Structural Steel 
Shapes, Plates, and Bars, and 
Their Products (A 123 — 33) 65 0 16 
Rec. Practice for 
Against Embrittlement of 
Galvanized Structural Steel 
Products and Procedure for De- 
tecting Embrittlement (A 143 
35) 68 0 13 


Il. TENTATIVE STANDARDS 
CONTINUED AS TENTATIVE 
WitHout CHANGE 
Spec. for Zinc-Coated (Galvanized) 

Iron or Steel Sheets (A 93-38T) 68 0 13 
Spec. for Electrodeposited Coat- 
ings of Zinc on Steel (A 164 - 

T 67 | 14 


40 T) 

Spec. for Electrodeposited Coat-| 
ings of Cadmium on Steel | | 
(A 165 - 40 T) 65 | 0 16 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Inspection of An- 
napolis Tests (E. S. Taylerson, chair- 
man).—-The specimens of copper-bearing 
and non-copper-bearing corrugated black 
sheets that have been exposed at An- 
napolis, Md., since October 17, 1916, 
were inspected on May 6 and October 10, 
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1941. At the May inspection two No. 


22 gage sheets had failed (K11, Z603) in 
addition to three No. 16 gage low-copper 
bessemer sheets (AA2, AAS, AA7). 
These are the first failures of No. 16 
gage sheets. In October three No. 22 
gage sheets had failed (E5, Hi4, M6). 
A summary of the failures to date is 
given in the accompanying Table IT. 

Subcommittee V on Total Immersion 
Tests (W. J. Jeffries, chairman).—It has 
been found impossible to complete the 
final report, as was promised in the 
annual report of the committee for 1941, 
summarizing the results obtained from 
all of the tests carried out by the sub- 
committee. 

Subcommittee VI on Specifications for 
Metallic-Coated Products (T. R. Gallo- 
way, chairman).—As indicated earlier in 
this report, the subcommittee has re- 
viewed standards under its jurisdiction 
and has recommended that they be 
reprinted in the new Book of Standards 
in their present form. Present-day con- 
ditions have necessarily slowed up the 
work of the subcommittee so that work 
which the subcommittee had hoped to 
complete for this meeting has not yet 
been finished. The status of the specifi- 
cations for chain link fence (A 117 — 33) 
and for galvanized sheets (A 93 - 38 T) 
remain essentially the same as was re- 
ported in the last annual report. At the 
meeting in January, the Section on 
Sheets was authorized to proceed with 
the preparation of specifications for 
terne-coated sheets. 

The Section on Lead-Coated Hard- 
ware (B. J. Barmack, chairman) pre- 
pared the Emergency Specifications for 
Lead Coating (Hot-Dip) on Iron or Steel 
Hardware which has been published by 
the Society under the designation ES-2." 

The Section on Galvanized Hardware 
(B. J. Barmack, chairman) is actively 
engaged in the revision of the Tentative 
Specifications for Zinc-Coating (Hot- 
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Dip) on Hardware and Fastenings 
(A 153-33 T) and hopes to have the 
revised specifications ready for action 
later in the year.’ 

Subcommittee VII on Method of Testing 
(R. W. Baker, chairman).—Comments 
have been received on the Standard 
Method of Test for Uniformity of Coat- 
ing by the Preece Test (Copper Sulfate 
Dip) on Zinc-Coated (Galvanized) Iron 
or Steel Articles (A 239 — 41), indicating 
that the description of the method for 
determining the end point for tests on 
wire is ambiguous. The committee has, 
therefore, referred this matter to the 
Preece Test Subgroup for action. 

A section of the subcommittee headed 
by W. E. Buck was appointed to investi- 
gate the demand for and relative merits 
of methods for making the dropping test 
for determining the thickness of zinc 
and cadmium coatings on steel. Al- 
though this type of test was developed 
originally for use in connection with 
electrodeposited coatings, the section 
investigated its use also on hot-dip zinc 
coatings. Some consideration was given 
to the magnetic test method for deter- 
mining thickness of protective metallic 
coatings. The report which was made 
at the January meeting of the subcom- 
mittee was considered of such general 
interest that it was published in the 
ASTM as information in 
order to bring out suggestions for further 
development. 

Subcommittee VII has reviewed the 
status of the standards under its juris- 
diction and finds no changes necessary 
and recommends that they be published 
in their present form. 

Subcommittee VIII on Field Tests of 
Metallic Coatings (R. F. Passano, chair- 
man).—This subcommittee has contin- 
ued its inspection of sheets, hardware, 


2 See Editorial Note, p.119. 
3W. E. Buck, “Report on Dropping Tests for Zinc and 
Cadmium Coatings,’’ ASTM Buttetin, No. 115, March, 


1942, p. 33. 
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and wire. It had been planned to bring Chairman, C. D. Hocker. sta 


the tabulations showing data on the First Vice-Chairman, R. F. Passano. Bx 
rusting of coated hardware, structural Second Vice-Chairman, T. R. Gallo- 
shapes, tubular goods, etc., up to date way. oe ug 


in this report. Considering the demands This report has been submitted to 
that have been made on the members letter ballot of the committee, which 
by things more important to the war consists of 130 members, 81 members 
effort, the subcommittee has postponed __ returned their ballots, of whom 78 have r 


the extension of these tabulations until voted affirmatively and 0 negatively. 
another time. 
The report on the exposure tests of Respectfully submitted on behalf of =| 
galvanized sheets is appended hereto. the committee, aa, te 
As W. H. FINKELDEY, 
The following officers of Committee a Chairman a 7 
A-5 have been elected for the ensuing T.R. GaLLoway, 
term of two years: 


Eprror1AL NOTE 


Subsequent to the annual meeting, Committee A-5 presented to the Society ” 
through Committee E-10 on Standards a revision of the Tentative Specifications A. AM er 
for Zinc Coating (Hot-Dip) on Hardware and Fastenings (A 153-33T). The ats hee 
revised tentative specifications were accepted by Committee E-10 on August 24, rf ki 5 : 


1942, and appear in the 1942 Book of A.S.T.M. Standards, Part I, p. 1066. or ; 
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at sim REPORT OF SUBCOMMITTEE VIII ON FIELD TESTS OF 
Je D METALLIC COATINGS 
be 
“1, Tests OF CORRUGATED GALVANIZED Loss of Weight Experiment at Sandy 
SHEETS Hook: 
i Galvanized Coatings on Corrugated Sheets A loss of weight experiment was ac- 
. 4 at Sandy Hook: cordingly started in April, 1939. Briefly, 


7 At Sandy Hook, N. J., one galvanized 
: sheet specimen in the No. 22 gage, 2.50 


a: oz. per sq. ft. class, developed rust after 
44.40 yr. This is the only specimen 


that has rusted at this location since the 
1940 report.' There remain three un- 
rusted specimens in this coating class 
and these are the only unrusted ones 
. remaining at this location. Inasmuch 
as the change is minor, no tabulation for 
this location is shown in this report. 
For a detailed account of previous coat- 
2 ing failures reference should be made to 
: the 1940 report' and the earlier tabula- 
tions referred to therein. 
a The rack at Sandy Hook has been 
ss inspected twice each year since the 
galvanized sheet test was started in 1926. 
oe One might imagine that approximately 
one half of the specimens would have 
been discovered with rust at the in- 
spections made in April and the other 
half at the inspections made in October. 
Actually 81 of the 105 specimens now 
showing rust have been discovered at 
the October inspections; this 77 per cent 
of 105 specimens is scarcely a chance 
variation of the 50 per cent expected. 
Tt was postulated that the atmosphere 
at Sandy Hook corroded zinc more 
rapidly between April and October than 
it did between October and April. 


| 


J 


1 Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 106 
(1940). 


4 by 6-in. specimens of galvanized sheets 
and 4 by 6-in. specimens of rolled zinc 
sheet were exposed vertically and at 30 
deg. from the horizontal. Vertical ex- 
posure has been used at Sandy Hook by 


Subcommittee VI on Atmospheric Cor- 
TABLE I.—CHEMICAL COMPOSITION OF ZINC IN 


LOSS OF WEIGHT EXPERIMENT AT 
SANDY HOOK, N. J 


Zinc 


Rolled | Coating 
| Zine | on Gal 
| Sheet | vanized 

| Sheet* 
0.74 0.81 
Cadmium, per cent................. <0.001 0.32 


“2.25 oz. per sq. ft. of sheet, or, 10.61 g. per 4 by 6-in. 
specimen. 

» 0.064 oz. per sq. ft. of sheet. 
rosion of Committee B-3 on Corrosion 
of Non-Ferrous Metals and Alloys and 
in the tests being carried on in coopera- 
tion with the British Iron and Steel 
Institute. Exposure at 30 deg. from 
the horizontal has been standard in all 
atmospheric corrosion tests on sheets of 
Committee A-5. The composition of the 
test specimens involved in these loss of 
weight determinations is shown in Table I. 

All specimens were cleaned and 
weighed before exposure. After ex- 
posure, they were cleaned free of cor- 
rosion products and reweighed. So far 
as is known, the cleaning loss is of the 
order of 1 mg. per specimen and is 
incheded | in the loss of data pre- 


speci 
covel 
appe 
zinc. 
iron 

no a 
rust 

was 

the 
relat 


prod 


2F 
Presen 
(1933). 


sente 

II ha 

with 

Comr 

Prese 

E-1 

On 

availe 

in th 

specir 

weigh 

faces. 

deg. 

; 

Apri 

Apri 

Oct 

Oct. 

Apri 

Apri 

Oct. 

Oct. 

Apri 

Apri 

uppe’ 

shear 


On Fretp TESTS OF 


sented in Table II. The data in Table 
II have been condensed in accordance 
with the recommendations of Technical 
Committee IX on Interpretation and 
Presentation of Data, of Committee 
E-1 on Methods of Testing? 

Only a small fraction of the zinc 
available on the specimen has been used 
in these tests. It appeared that the 
specimens exposed vertically had lost 
weight about equally from the two sur- 
faces. The specimens exposed at 30 
deg. corroded almost entirely on the 


METALLIC CoaTINGS 


test specimens of both rolled zinc and 
galvanized sheet were supported. Six 
grooved, cylindrical porcelain insulators 
about { in. in diameter were in possible 
contact with each 4 by 6-in. specimen. 

It seems that more questions have 
been raised by this experiment than 
have been answered by it. The losses 
shown for the April to October, 1940, 
period and for the October, 1939, to 
October, 1940, period are very different 
from losses for the earlier periods. This, 
it is believed, is due to temporary cir- 


TABLEII. —LOSS OF WEIGHT IN MILLIGRAMS | FROM 4BY6- IN SPEC IMENS EXPOSED AT SAN DY DY HOOK, N. »N.J. 


sheared edges of the galvanized sheet 
specimens after exposure were found 
covered for the most part with what 
appeared to be corrosion products of 
zinc. These were tinged yellow with 
iron salts in some places. There was 
no accumulation of typical base metal 
rust on the edges at any place. There 
was no evidence of unusual attack on 
the galvanized surfaces adjacent to the 
sheared edges. There were, however, 
relatively heavy rings of zinc corrosion 
products around the points where the 

2 For method of presentation, see A.S.T.M. Manual on 


Presentation of Data, Proceedings, Vol. 33, Part I, p. 451 
(1933). (Also available as separate publication.) 


| Exposed at 30 — 4 Ex 
from Horizont Vertically 
n | 

Exposed Removed Length of Material | 

< im Z < nn 
April 18, 1939 Oct. 11, 1939 176 days Galvanized steel sheet..| 5 61.41 5.1 | 5 31.4, 6.8 
April 18, 1939 Oct. 11, 1939 176 days pe ee 5 6 4.7 | 5 32.4) 4.0 
Oct. 11,1939 | April 39, 1940 202 days Galvanized steel sheet... 5 $3.8| 4.0| 5 5.9 
Oct. 11,1939 | April 30, 1940 202 days Zinc sheet. . : e a « 5 ae 4.0 
April 18, 1939 | April 30, 1940 378 days Galvanized steelsheet..| 5 136.4, 4.6 5 69.8) 5.0 
April 18, 1939 April 30, 1940 378 days Zinc sheet adi in 2 135.5 6.5 5 68.2) 7.9 
Oct. 11, 1939 Oct. 10, 1940 365 days See eae chen... 4 485.5 14.5| 5 | 426.6) 7.5 
Oct. 11, 1939 Oct. 10, 1940 365 days | | Zine sheet...... v-s-| 3 |.408.7) 3.1 5 379.0) 8.4 
April 30, 1940 Oct. 10, 1940 163 days Galvanized steelsheet.. 4 | 347.2) 8.6| 4 312.2) 12.5 
April 30, 1940 Oct. 10, 1940 163 days ee ae 5 | 279.8) 11.4| 2 | 253.5) 12.5 
@ This sample lost from racks. 4 

upper or unsheltered surface. The cumstances which did not exist between 


1926 and 1940. 

In regard to the speculations which 
started the loss of weight experiment, 
there remain few data to settle the 
matter. The annual rate of loss for the 
period April to October, 1939, was 126.5 
mg. per specimen for the samples ex- 
posed at 30 deg. and 66.1 mg. per 
specimen for those exposed vertically. 
Between October, 1939, and April, 
1940, the annual rate of loss for the 
sample exposed at 30 deg. was 97.1 
mg. per specimen and 57.3 mg. per 
specimen for those exposed vertically. 

Considering these two periods only, 
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the October to April rate is 81.6 per cent 
(average of 76.6 and 86.6 per cent) of 
the April to October rate. The data 
produced by this loss of weight experi- 
ment are in line with the speculations 
based on the observations on sheets. 
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explained in several ways any of which 
would be speculative. 

In eight of the nine cases where losses 
on rolled zinc and galvanized coating 
are available, the rolled zinc has lost 
less weight than the galvanized coating. 


TABLE III.—RECORD OF COATING FAILURES ON STATE COLLEGE, PA., TEST RACK. 
Sneets Exposep Aprit 23, 1926. 


| Nurr- 


ber of | April, | Oct. | Apri, Oct., | | Average 
peci- 1940, 194 1941, Life of 

Description mi mens | 1239." | 14.03 | 1447 | 15 a3 | 1846 ber of | Coating 
No. 16 gage, 2.50 oz. per sq. ft................ 12 none | none none none none none hw ets 
No. 22 gage, 2.50 oz. per sq. ft............-.-. 18 none | none none none none none tad 
No. 22 gage, 2.00 oz. per sq. ft................ 18 none | none none none none none le 
No. 22 gage, 1.50 oz. per sq. ft...............- 18 none 1 none 1 2 hy a 
No. 22 gage, 1.25 os. per sq. ft................ 18 4 none 7 4 1 16 | (14.47) 
No. 22 gage, 0.75 oz. per sq. ft................ 14 14 14 | 10.04 
No. 28 gage, 0.75 oz. per sq. ft................ wo by ease) | 10 11.20 


@ A detailed record of the coating failures observed at the inspections of April, 1938, to October, 1939, inclusive, a 


in Table III of the 1940 Report, see Proceedings, Vol. 40, 
October, 1937, see Proceedings, Vol. 38, Part I, p. 87 (1938 


appears 


Pp. 107 ( (1940). For a record of coating failures observ. up to 


Figures shown in parentheses are not to ‘be considered Gaal. 


TABLE IV.—TIME IN YEARS AT WHICH THERE WAS FIRST INDICATION OF F PERFORATION OF 
GALVANIZED SHEETS ON KEY WEST, FLA., TEST RACK 
Sseets Exposep June 9, 1926. 


Num- Total 
bes of March, | April, April, | Average 
ag mens | 10.64 | 11.79 | 1279 | 13-84 | 14°84 ber of | ‘Sheet 
Fearne in yr. yr. yr. yr. yr ve in Years 
No. 16 gage, 2.50 oz. per sq. ft... 5 a A 12 none none none none none none ara 
gage, oz. per sq. none | none none none none 
No. 22 gage, 2.00 oz. per sq. ft................ | none none none 1 2 bes 
No. 22 gage, ee eer 14 5 4 8 none | none 12 (12.1 
No. 28 gage, 0.75 oz. per sq. ft................ 10 2 3 2 1 1 9 (12.7)* 


a Figures shown in parentheses are not to be considered final. 


Those specimens that were exposed 
for periods of a year, from April to 
April and from October to October were 
paralleled, as it were, by specimens 
exposed for 6 months, from April to 
October, 1939, from October, 1939, to 
April, 1940, and April to October, 1940. 
In every case the sum of losses for the 
two proper half-year periods is less than 
the loss for a one-year period. The sum 


of losses for two half-year periods 


averages 84.2 per cent of the loss for 
the one year period. This can be 


The difference is negligible in five of the 
nine cases. 


Galvanized Coatings on Corrugated Sheets 
at State College: 

Sixteen corrugated specimens at State 
College, Pa., have developed rust since 
the 1940 report. These data are shown 
in Table III. 


Galvanized Coatings on Corrugated Sheets 
at Key West: 
It will be recalled that deterioration 
of the sheets at Key West, Fla,, takes 
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place from the under surface of a sheet 
while the upper, exposed, and un- 
sheltered surface remains thoroughly 
covered by zinc and its corrosion pro- 
ducts. This is in contrast to the de- 
velopments at the four northern test 
locations where the first deterioration 
is that of the galvanized coating on the 
exposed surface. This condition still 
continues. The data now available from 
Key West, Fla., are shown in Table IV. 


TEsSTs OF METALLIC-COATED HARDWARE 


It had been planned to bring the tab- 


ulations showing data on the rusting 
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of metallic-coated hardware, structural 
shapes, tubular goods, etc., up to date 
in this report. Considering the de- 
mands that have been made on the mem- 
bers by things more important to the 
war effort, the subcommittee has post- 
poned the extension of these tabulations 
until another time. 


Respectfully submitted on behalf of 
the subcommittee, 


R. F. PAssano, 
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No meeting of Committee A-6 on 
Magnetic Properties has been held since 
the annual meeting of the Society in 
1941, but Subcommittees III and IV 
have met and much work has been car- 
ried on by correspondence and confer- 
ences between small groups. 

Mr. R. F. Field of the General Radio 
Co. has been appointed to membership 
on the committee. He has also been 
appointed a member of Subcommittee 
IV. Henry Wysor of the Bethlehem 
Steel Corp. has resigned. 

The present officers of the committee 
and members of the Advisory Committee 
have been re-elected for the ensuing term 
of two years. 

A number of investigators have at- 
tempted, over a period of a good many 
years, to develop a satisfactory method 
of measuring the magnetic properties of 
single sheets and wide strips of electrical 
sheet. So far no satisfactory method 
has become available for making such 
tests. 

During the past five or six years W. E. 
Shenk and his associates at the Research 
Laboratory of the United States Steel 
Corp. have been developing a novel 
method for the magnetic testing of full- 
sized sheets of various widths. A num- 
ber of these devices have recently been 
installed in commercial steel mills. A 
paper by W. E. Shenk on “The Absolute 
Measurement of the Energy Loss in a 
Single Strip of Sheet Iron or Steel Under 
Alternating Magnetization” describing 
this new magnetic testing device appears 
in the Appendix! to this report. Some 


1 See p. 595. 
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day this or similar methods may partly 
or wholly supplant the commercial meth- 
ods of sampling and testing, using 
Epstein or other equipment employing 
narrow samples. Two major advantages 
of such a test are: (a) The elimination of 
punching or shearing strain effects, and 
(6) a reduction in the cost of sampling. 
It seems very desirable, therefore, that 
the A.S.T.M. consider and publicize this 
new development. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
ciate adoption the following revisions in 
the Standard Methods of Test for Mag- 
netic Properties of Iron and Steel 
(A 34 —-41),? and accordingly asks for a 
favorable nine-tenths vote at the annual 
meeting in order that these modifications 
may be referred to letter ballot of the 
Society. 

Section 3 (d).—Add the following as a 
second paragraph to the Note at the end 
of this section: 

Where tests cannot be made by using Epstein 
specimens, in cases where it is desired to deter- 
mine the degree of directional magnetic proper- 
ties, a ring specimen may be used and compared 
with tests made on an Epstein specimen the 
length of which is parallel to the rolling direction. 

Section 9.—Change the title of this 
section to read as follows by the addition 
of the italicized words and figures: 
Apparatus (50 cm. Epstein, Butt Joint) 

Section 18.—Change the title of this 
section to read as follows by the addition 
of the italicized words and figures: 


21941 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 121. 
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Apparatus, Bridge Method (25-cm. 

Double Lap Joint) 

Section 19 (c).—In order to correct a 
minor error in various equations for cal- 
culating pu, substitute ‘0.748” for “0.747” 
and ‘‘7,.48” for ‘‘7.47”’. 

Add the following equation after the 
equation for core loss, P: 
and the Vars: 


Epstein, 


wie 
Ry 
After the definition for Ry, add the 
following definition for Vars: 


Vars = 


Vars = total reactive volt-amperes. 
Change Note 1 to read as follows: 


Note 1.—P and Vars, divided by 0.84 times 
the mass in kilograms gives the loss in watts 
per pound and the reactive volt-amperes in 
Vars per pound, respectively. 

Section 20.—Change the title of this 
section to read as follows by the addition 
of the italicized words and figures: 
Method 


Apparatus, Potentiometer (25-cm. 


Epstein, Double Lap Joint) 


Section 21 (d).—After the equation 
for P, add the following equation: 


and: 


Vars = N Eg 


The term Vars is introduced because 
many designers prefer to use this unit 
rather than permeability. 

With the inclusion of various lengths 
of Epstein specimens, in addition to the 
original 50-cm.length, it seems desirable 
to designate more accurately the length 
of specimens and the type of joint for 
the various test methods. For these 
reasons the changes in the titles of 
Sections 9, 18, and 20 are recommended. 

The proposed addition to the Note in 
Section 3 (d) is for the purpose of pro- 
viding a means of determining the degree 
of directional magnetic properties in 
sheet or strip which are so narrow that 
crosswise 25-cm. length specimens can- 
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not be cut from the strip. A large 
amount of this narrow strip is now being 
produced. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 24 members; 18 mem- 
bers returned their ballots of whom 18 
have voted affirmatively, 0 negatively, 
and 0 members marked their ballots 
“not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Direct Current 
Test Methods (B. M. Smith, chairman) .— 
This subcommittee has been working 
for about two years on the development 
of Methods for Test for Permeability of 
Feebly Magnetic Materials (the so- 
called nonmagnetic steels) having per- 
meabilities not exceeding 2. These 
methods include two procedures, the 
second of which covers the Fahy Low- 
Mu Permeameter which has certain 
patented features. It is expected that a 
third test procedure, which was brought 
to the attention of the committee so 
recently that it could not be completed 
for inclusion at this time, will subse- 
quently be added to the methods. It 
was expected that these methods would 
be offered to the Society at the annual 
meeting for publication as tentative. 
However, in attempting to obtain writ- 
ten approval by the committee so many 
new suggestions were received that the 
methods are being published as informa- 
tion as appended hereto,’ with the 
expectation that they will be presented 
to the Society subsequent to the June 
meeting through Committee E-10 on 
Standards for acceptance as tentative.* 

Subcommitiee IV on Alternating Cur- 
rent Test Methods (J. P. Barton, chair- 
man).—As mentioned in the report last 
year, this subcommittee has been work- 
ing for some time on two new methods 
of test, namely, a Proposed Method of 


3 These methods were accepted as tentative by Com- 
mittee E-10 on Standards, see saeeeiatietens p. 126. 
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Test for Permeability and Core Loss of 
Flat-Rolled Magnetic Materials Using 
28-cm. Specimen, and a Proposed Meth- 
od of Test for Incremental Permeability 
and Core Loss of Flat-Rolled Magnetic 
Materials at Low Alternating Inductions 
Using 28-cm. Specimen. 

This work has progressed to such a 
point that it is now possible to offer 
these proposed methods to the Society 
for information and discussion as ap- 
pended hereto.’ If there are not too 
many suggested changes, these test 
methods will be submitted to Com- 
mittee E-10 for acceptance as tentative 
standards later this year.’ Due to the 
pressure of war work, the number of check 
tests on these methods, as originally 
scheduled, have not been completed and 
may have to be delayed for the duration. 
However, sufficiently good agreement 
among the various laboratories which 
have participated indicates that the 
methods are fundamentally sound. 

One of the chief expected advantages 
of the first method is that it probably 
will be possible to make alternating 
current and direct current check tests 
on the same sample in the same test 
frame. Further work is contemplated 


to determine the degree of agreement 
between alternating current and direct 
current tests, using this method. 

The second method is 


designed 


New Tentative Methods of Test for: 


42 T), and 


Permeability and Core Loss of Flat-Rolled Magnetic Materials Using 
28-cm. Specimen (A 257 — 42 T), 

Incremental Permeability and Core Loss of Flat-Rolled Magnetic Mate- 
rials at Low Alternating Inductions Using 28-cm. Specimen (A 258 - 


primarily for testing material to be used 
in the cores of radio and communicatio 
transformers and chokes. No standard 
method is now available in this country 
for determining these incremental mag- 
netic properties. 

It should be noted that this test 
equipment is based on the bridge method 
already adopted for making alternating 
current tests at low inductions and, so 
far as possible, use is made of the stand- 
ard bridge arrangement. It may also 
be pointed out that by simple modifica- 
tion the potentiometer method of making 
low induction alternating current tests* 
can be used for determining the incre- 
mental magnetic properties. The 
committee has not yet experimented 
with such a method. 


This report has been submitted to 
letter ballot of the committee which 
consists of 24 members; 18 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
THOMAS SPOONER, 
Chairman. 


4 See Fig. 3 of the Standard Methods of Test for Mag- 
netic Properties of Iron and Steel (A 34 - 41), 1941 Supple- 
ment to Book of A.S T.M. Standards, Part I, p. 128. 


R. L. SANFORD, 
Secretary. 


A. EpIToRIAL NOTE 
i Bi Subsequent to the annual meeting, Committee A-6 presented to the Society 
= through Committee E-10 on Standards the following recommendations: = —=_—| 
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Permeability of Feebly Magnetic Materials (A 259 42 T). 
These new tentative methods were accepted by Committee E- 10 ¢ on Minas ¥, 
24, 1942, and assigned the A.S.T.M. serial designations indicated above. 


These tentative standards appear in the 1942 Book of A.S.T.M. Standards, cent. 
Part I, pp. 1091, 1097, and 1103. Pa | 
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Committee A-7 on Malleable Iron 
_ Castings has held two meetings during 
the past year: one on June 26, 1941, 
_ during the annual meeting of the Society 
in Chicago, Ill., and the other in Cleve- 
land, Ohio, on March 3, 1942, in con- 
junction with the spring group meetings. 
>> Vice-Chairman J. J. Kanter has acted 
as chairman during Mr. Wolf’s absence 
Washington. 
- The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 


a+ - Chairman, E. K. Smith 
oo Vice-Chairman, J. J. Kanter 
Secretary, H. A. Schwartz 


Subcommittee III on Cupola Mal- 
a aa leable Iron (J. J. Kanter, chairman), fol- 
— lowing its meeting in March, presented 
; to Committee A-7 proposed tentative 
specifications for malleable iron castings 
for flanges, pipe fittings, and valve parts 
and subsequently presented amendments 
of an editorial nature. These proposed 

, specifications were submitted to letter 
ballot of the committee but, although 
they received the required two-thirds 
affirmative vote, the objections and 
discussions were of such a character that 
Subcommittee III asked that the pro- 
posed specifications be referred back for 
further consideration and amendment.! 


1 See Editorial Note, below. te 
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Subcommittee V on Air Furnace and 
Electric Malleable Iron (J. H. Lansing, 
chairman) also met in March and re- 
ported progress but is not yet prepared 
to submit a proposed specification for 
air furnace and electric malleable iron 
castings. 

On the recommendation of Committee 
A-7, the following standards were sub- 
mitted to the American Standards 
Association for approval as American 
Standard: 


A.S.T.M. Standard Specifications for: 
Malleable Iron Castings (A 47-33), and 
Cupola Malleable Iron (A 197 — 39). 


These were approved by the ASA on 
June 5, 1942, and assigned the ASA 
designations G48.1-1942 and G49.1-1942, 
respectively. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 40 members, 36 members re- 
turned their ballots, of whom 27 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Chairman. 
H. A. SCHWARTZ, aoe 


Secretary. 


EpIToRIAL NOTE 


Subsequent to the annual meeting, Committee A-7 submitted to Committee 
E-10 on Standards proposed Emergency Specifications for Malleable Iron 
Flanges, Pipe Fittings, and Valve Parts. This recommendation was accepted 
by Committee E-10 on October 6, 1942, and the emergency standard appears 
in the 1942 Book of A.S.T.M. Standards, Part I, p. 959, bearing the A.S.T.M. 

; serial designation ES-20. 
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Committee A-9 on Ferro-Alloys has 
held one meeting since its previous 
report to the Society in 1941: in Cleve- 
land, Ohio, on March 3, 1942, in con- 
junction with the spring group meetings. 

The committee discussed the possi- 
bility of the need for emergency stand- 
ards or emergency alternate provisions 
in its existing specifications during the 
war. This matter was carefully con- 
sidered and it was agreed that in view 
of the broad tolerances in the present 
specifications under the jurisdiction of 
Committee A-9 no action is required, 
and no possible necessary action is 
indicated within the next two years. 

Subcommittee I on Specifications, 
under the chairmanship of E. A. Lucas, 
has by personal contact and corre- 
spondence continued an examination of 
the possibilities of preparing tentative 
specifications for ferroboron, ferroti- 
tanium, ferrocolumbium, etc. In view 
of the lack of experience with these 
materials, it was the consensus that an 
attempt should not be made at this time 
to prepare specifications in this field. 


ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Tentative Specifications for Ferrochro- 
mium (A 101 — 39 T).1—As reported last 


11939 Book of A.S.T.M. Standards, Part J, p. 986. 
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year, the results of the letter ballot 
vote on the adoption as standard of the 
Tentative Specifications for Ferrochro- 
mium were as follows: From a member- 
ship of 27, all the members returned 
their ballots, 26 of whom voted affirma- 
tively and one negatively. This nega- 
tive vote has since been withdrawn and 
it is therefore recommended that these 
tentative specifications be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, J. H. Critchett 
Vice-Chairman, C. M. Loeb, Jr. 
Secretary, A. P. Spooner 


This report has been submitted to 
letter ballot of the committee which 
consists of 27 members; 23 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


CARLES McKnicur, 


Chairman. 
C. M. Logs, Jr., 
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Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys held two meetings during the year: 
in Chicago, Ill., on June 25, 1941, and in 
Cleveland, Ohio, on March 3, 1942. 

There were several resignations and 
changes in committee personnel during 
the year. The present membership is 
78 of whom 34 are classified as pro- 
ducers, 32 as consumers, and 12 as gen- 
eral interest members. 

The present officers of Committee 
A-10 have been re-elected for the ensuing 
term of two years. Elections in the sub- 
committees resulted in the re-election of 
E. F. Cone, as chairman, and Russell 
Franks, as secretary, of Subcommittee I; 
F. L. LaQue was appointed chairman of 
Subcommittee IV succeeding E. S. 
Taylerson; L. C. Bibber was re-elected 
chairman of Subcommittee VII; J. J. 
Kanter was appointed chairman of Sub- 
committee X, succeeding W. J. Jeffries 
who resigned as chairman of this sub- 
committee; and J. K. Findley was ap- 
pointed chairman of Subcommittee VIII, 
succeeding H. S. Schaufus who resigned 
the chairmanship of this subcommittee. 
A. B. Bagsar accepted membership on 
the Joint American Welding Society- 
A.S.T.M. Committee on Filler Metal, 
representing Committee A-10. 


PROVISIONS 


During the year, Committee A-10 
submitted to Committee E-10 on Stand- 
ards Emergency Alternate Provisions in 
the following specifications: 


EMERGENCY ALTERNATE 


REPORT OF COMMITTEE A-10 
ON 


-IRON-CHROMIUM, ITRON-CHROMIUM-NICKEL AND RELATED 
ALLOYS 


Standard Specifications for: 


Steel 
Strip, and Plate (A 167-41), and 


Corrosion-Resisting Chromium-Nickel 
Sheet, 
Corrosion-Resisting Chromium-Nickel Steel 
Sheet, Strip, and Plate for Fusion-Welded 
Unfired Pressure Vessels (A 240 - 41). 


These Emergency Alternate Provisions 
were accepted by Committee E-10 on 
April 6, 1942. Upon further recom- 
mendation of Committee A-10, addi- 
tional Emergency Alternate Provisions 
in the above standards as well as in the 
Standard Specifications for High- 
Strength Corrosion-Resisting Chromium- 
Nickel Steel Sheet and Strip (A 177 — 39) 
were accepted by Committee E-10 on 
May 7, 1942. The provisions approved 
in May provide for increasing the limits 
on maximum content of sulfur and phos- 
phorus from 0.030 and 0.035 per cent 
to a value of 0.040 per cent because of 
melting and scrap limitations. These 
Emergency Provisions are likewise in 
line with action taken by the Stainless 
Steel Technical Committee of the Ameri- 
can Iron and Steel Institute. The alter- 
nate provisions approved in April as 
well as those accepted in May have been 
published in the form of “pink stickers” 
for attachment to the specifications to 
which they app'y, under the following 
designations: EA- A167, EA-—A177, 
and EA - A 240. 


REVISIONS OF STANDARDS 


The committee recommends for im- 
mediate adoption, revisions in three 
specifications, as indicated below, and 
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accordingly asks for the necessary nine- 
tenths vote at the annual meeting in 
order that these modifications may be 
referred to letter ballot of the Society: 


Standard Specifications for Corrosion- 
Resisting Chromium-Nickel Steel Sheet, 
Strip, and Plate (A 167 — 41)?! 

Table I.—Make the following changes 
in the requirements as to chemical 

omposition: 


| 
ype resent | 
Num- Element Require- | _— 
ber ment From,, P© 
per cent 
301 Manganese.....| 1.50 max. | 2.00 max. 
Chromium...... 16.00 min. 16.00 to 18.00 
Nickel.......... 7.00 min. | 6.00 to 8.00 
302 Manganese..... 1.50 max. | 2.00 max. 
Chromium...... 18.00 min. |17.00 to 19.00 
8.00 min. | 8.00 to 10.00 
304 Manganese..... 1.50 max. 2.00 max. 
Chromium...... 18.00 min. |18.00 to 20.00 
8.00 min. | 8.00 to 10.00 
4 (308 Manganese...... 1.50 max. | 2.00 max. 
Chromium...... 19.00 min. |19.00 to 22.00 
Nickel.......... 10.00 min. (10.00 to 12.00 
7 |302B |Manganese...... 1.50 max. | 2.00 max. 
Chromium.... 18.00 min. |17.00 to 19.00 
Nickel.......... 8.00 min. | 8.00 to 10.00 
8 (309 Carbon......... 0.08 to 0.20) 0.20 max. 
Chromium...... 22.00 min. |22.00 to 24.00 
Nickel.........: 12.00 min. |12.00 to 15.00 
9 3309S (Chromium...... 22.00 min. |22.00 to 24.00 
Nickel ....| 12.00 min. |12.00 to 15.00 
10 (310 Chromium...... 24.00 min. |24.00 to 26.00 
19.00 min. |19.00 to 22.00 


Standard Specifications for Corrosion- 
Resisting Chromium Steel Sheet, Strip, 
and Plate (A 176-41)? 

Table I.—Omit from this table all the 
requirements for grades 3 and 7, and 
make the following changes in the 
requirements as to chemical composition 
for grades 1, 2, and 4: 


| 
3s resent 
Element Requirement To read, 
25 per cent 
Sle per cent 
403 | Castem......... 0.12 max. 0.15 max. 
410 | | Carbon .| 0.12 max. 0.15 max. 
| Chromium 12.00 to 14.00/10.00 to 14.00 
t | 430 Chromium...... 16.00 to 18.00/14.00 to 18.00 


to Book of A.S.T.M. Standards, 
‘art 
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Table II.—Omit from this table all 
the tensile requirements for grades 
3 and 

Standard Specifications for Corrosion- 
Resisting Chromium-Nickel Steel Sheet, 
Strip, and Plate for Fusion-Welded Un- 


fired Pressure Vessels (A 240 -41)3 


Title—Add_ the 
and” before the 
Nickel Steel.” 

Table I.—Add the following require- 
ments as to chemical composition for 
two new grades A and B: 


“Chromium 
“Chromium- 


words 
words 


Grade A Grade B 
(Type 430) (Type 446) 
Carbon, max., per cent... 0.12 0.35 
Manganese, max., per 
cent a 1.00 1.00 
Phosphorus and sulfur, 
max., per cent.. 0.030 0.030 


Silicon, max., per cent... 1.00 
Chromium, per cent 14.00 to 18.00 
Nickel, max., per cent. .. 0.60 


Table IT.—Add the following require- 
ments as to tensile properties for two 
new grades A and B: 


1.00 
23.00 to 30.00 
0.60 


Grade A Grade B 
(Type 430) (Type 446) 
Tensile stren Zz. min., psi.. 70 000 75 000 
Yield streng min., psi. 5 000 40 000 
paral in 2 in. min., per cent.. 22.0° 20.0 
Brinell number, max. 202 217 
Rockwell number, max. B 88 B95 
Cold bend, deg. 180 135 


> Material 0.050 in. and under in thickness (U. S. gage 
No. 18 and under) shall have a minimum elongation of 
20.0 per cent. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 78 members; 54 members returned 
their ballots, with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


| ow 
teins Items | Affirm- | Nega- 


ative | tive 


Ballots 
Marked 
“Not 
Voting”’ 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


Spec. for Corrosion-Resistin, 
Chromium - Nickel Stee 
Sheet, hae and Plate 
(A 167 - 41)... ; 43 0 

Spec. for Corrosion- Resisting 
Chromium Steel Sheet, 
Strip, and Plate (A 176 
42 0 

Spec. for Corrosion- Resisting 
Chromium - Nickel Steel 
Sheet, Strip, and Plate for 
Fusion - Welded Unfired 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Classification of 
Data (E. F. Cone, chairman; Russell 
Franks, secretary).—The data collected 
by this subcommittee have been com- 
piled by Russell Franks and F. L. LaQue 
and are now being published by the 
Society in the form of “‘Tables of Data 
on Chemical Compositions, Physical 
and Mechanical Properties of Wrought 
Corrosion-Resisting and Heat-Resist- 
ing Chromium and Chromium-Nickel 
Steels.’”* It is divided into two parts, 
Part I covering the Wrought Chromium 
Steels and Part II Wrought Chromium- 
Nickel Steels. 

Forms for collecting data on the alloys 
in cast form are being supplied by the 
Alloy Casting Institute. This informa- 
tion will be correlated and published at 
a later date. 

Subcommittee IV on Methods of Cor- 
rosion Testing (F. L. LaQue, chairman). 
—This subcommittee has under con- 
sideration the preparation of a standard 
boiling nitric acid test. The formulation 
of a standard test procedure has been 
requested by the Welding Research Com- 
mittee of the American Welding Society 
for use in connection with the testing of 
welds. A draft of a procedure for a 
general boiling liquid test may be 
modified to provide’a procedure for the 
boiling nitric acid test. 

Subcommittee V on Mechanical Tests.— 
(T. F. Olt, chairman).—Subcommittee V 
is securing information on the effect of 
rate of straining on the mechanical 
properties of the austenitic chromium- 
nickel-iron alloys. It will also study the 
variations that might be encountered in 
utilizing the methods of determining 
yield strength as described in the Ten- 
tative Methods of Tension Testing of 
Metallic Materials (E8-40T).® A 
round-robin series of tests is being 
organized among members of the sub- 
committee to obtain further data on the 

*Issued December, 1942. 


51940 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 453. 
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subject. The Section on Tension Test- 
ing, of Technical Committee I, of Com- 
mittee E-1 on Methods of Testing, is 
being consu ted in connection with the 
program which will be referred to Com- 
mittee A-10 when it has been fully 
decided upon. 

Subcommittee VI on Meiallography 
(Russell Franks, cha’rman).—This sub- 
committee has completed its second 
report on “Metallographic Examination 
of 18 per cent Chromium 8 per cent 
Nickel Steel” which is appended to this 
report. In the light of discussions at a 
meeting held during this annual meeting 
the text will be revised and submitted 
to letter ballot in the committee for 
approval for publication.*® 

Subcommittee VII on Welding (L. C. 
Bibber, chairman).—The function of 
Subcommittee VII is primarily one of 
liaison between Committee A-10 and 
other research and specification-writing 
committees of the Engineering Founda- 
tion, the American Welding Society, 
and other agencies working on similar 
problems. This liaison has been car- 
ried out through attendance at most of 
the meetings of the committees involved. 
Because of the present intangible func- 
tion of this subcommittee, consideration 
is being given to discharging it and 
handling the liaison work of Committee 
A-10 in the field of welding of high 
alloy steels by appointed representa- 
tives. 

Subcommittee VIII on Specifications 
for Wrought Products—This subcom- 
mittee is in process of reorganization and 
a new chairman, J. K. Findley, has 
recently been appointed. Consideration 
is still being given to the formulation 
of specifications covering hot-rolled and 
cold-drawn bars and also spring wire of 
the corrosion-resisting steels. 

Subcommittee IX on Specifications for 
Flat Products (C. C. Snyder, chairman). 
—Subcommittee IX recommended 


* Of a total membership of 78, 54 members returned 
their ballots of whom 52 voted affirmatively, 1 negatively, 
and 1 member marked his ballots “‘not voting.” 
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Emergency Alternate Provisions in the 
Specifications for Corrosion-Resisting 
Chromium-Nickel Steel Sheet, Strip, 
and Plate (A167-41), for High- 
Strength Corrosion-Resisting Chromi- 
um-Nickel Steel Sheet and Strip (A 177 
~ 39), and for Corrosion-Resisting Chro- 
mium-Nickel Steel Sheet, Strip, and 
Plate for Fusion-Welded Unfired Pres- 
sure Vessels (A 240-41) which were 
accepted by Committee E-10 as noted 
earlier in this report. This action 
brings the specifications in line with 
existing Federal or Emergency Specifica- 
tions and with the recommendations of 
the American Iron and Steel Institute. 

The subcommittee is now recommend- 
ing for immediate adoption changes in 
the requirements for chromium, nickel, 
and carbon in the Standard Specifica- 
tions A167, A176, and A 240 in the 
interest of conserving critical metals. 
These revisions are covered earlier in 
this report. In the case of Specifica- 
tions A 240, the two new grades A and 
B are being added at the request of the 
\.S.M.E. Boiler Code Committee. 

A subgroup to draft specifications 
for stainless clad metals is being or- 
ganized under the chairmanship of 
D. B. Rossheim. Specifications for 
this material were requested by the 
A. S. M. E. Boiler Code Committee as 
composite metals clad with stainless 
alloys are being used in equipment 
coming under code ruling. 

Subcommittee X on Specifications for 
Castings (J. J. Kanter, chairman).— 
Further revisions of the specifications 
for castings prepared by this subcom- 
mittee are being held in abeyance pend- 
ing collection of data on cast alloys 
through the Alloy Casting Institute. 
\ joint meeting of the subcommittee 


7 _ Book of A.S.T.M. Standards, Part I, pp. 381, 


fj 


On IRon-CHRoMIUM, [RON-CHROMIUM-NICKEL AND RELATED ALLOYS 133 


and Committee B-4 on Electrical-Heat- 
ing, Electrical-Resistance and Electric- 
Furnace Alloys may be held in connec- 
tion with questions arising on specifica- 
tions for heat-resisting castings for 
furnace use. In such event, the speci- 
fications issued by Committee A-10 on 
cast alloys will need to be reviewed. 
The standards involved are the Speci- 
fications for Chromium Alloy-Steel Cast- 
ings (A 221-39), for 20 per cent 
Chromium, 9 per cent Nickel Alloy- 
Steel Castings (A 198-—39),° and for 
Chromium-Nickel Alloy-Steel Castings 
(A 222 — 39).? 

Subcommittee XI on Specifications for 
Tubular Products (Newell Hamilton, 
chairman).—This subcommittee has 
been relatively inactive during the past 
year. Several of its members have 
assisted in preparing specifications for 
tubular products in which the stainless 
steels are incorporated. These Speci- 
fications for Seamless Alloy-Steel Pipe 
for Service at Temperatures from 750 to 
1100 F. (A 158 — 41 T) and for Seamless 
Alloy-Steel Boiler and Superheater 
Tubes (A 213 — 40) are under the juris- 
diction of Committee A-1 on Steel. 
Other specifications covering tubular 
products of stainless steel are under 
consideration. 


This report has been submitted to 
letter ballot of the committee which 
consists of 78 members; 54 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 


the committee, — 


Jerome Strauss, 
Chairman. 
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REPORT OF SUBCOMMITTEE VI ON METALLOGRAPHY 


SECOND REPORT ON METALLOGRAPHIC EXAMINATION OF 18 PER CENT CHROMIUM, 
a 8 PER CENT NICKEL STEEL 


a 


In the earlier Report on Metallo- 
graphic Examination of 18 per cent 
Chromium, 8 per cent Nickel Steels! it 
was reported that two heats of austenitic 
chromium-nickel steels were studied 
metallographically by a number of co- 
operating laboratories, the purpose of 
the study being to determine the nature 
of the material precipitated at the grain 
boundaries when an austenitic stainless 
steel was subjected to heat treatment 
that renders the metal susceptible to 
intergranular attack. The original ob- 
jective of this cooperative study was not 
obtained, however, in the first experi- 
ments; that is, practically no information 
was obtained on the nature of the 
precipitation that takes place in the 
grain boundaries of the 18 per cent 
chromium, 8 per cent nickel steel when 
it is heated at temperatures of 550, 650, 
750, and 850 C., respectively. 

In view of this, it was suggested to 
Subcommittee VI that heat No. 1 be 
examined after etching with sodium 
cyanide and with Murakami’s reagent, 
and that the susceptibility of the steel 
to intergranular corrosion be determined 
by the acidified copper sulfate solution 
test. Experiments along these lines 
were carried out by the different co- 
operating laboratories, and in addition 
one of the laboratories also employed 
X-ray diffraction tests to obtain addi- 
tional information concerning the pre- 
cipitate at the grain boundaries of the 
steel when heated at such temperatures. 
The results of these tests are also 


1 Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 203 
(1939). 


included in the form of an appendix 
to this report. It seemed necessary to 
pursue the metallographic study of the 
austenitic chromium-nickel steels to 
determine the degree to which different 
laboratories could secure comparable 
results with similar techniques, and to 
determine the type of information con- 
cerning the properties of the steel that 
would be supplied by microscopic ex- 
amination. It was expected in this way 
to establish the respective values of 
these methods of examination. 

The analysis of the steel representing 
heat No. 1 was as follows: 


Manganese, per cent................ 0.43 
0.40 


The samples of the steel had been 
annealed and held for one week at 
temperatures of 550, 650, 750, and 
850 C., respectively. The cooperating 
metallographers were: 


LABORATORY 


Cope LETTER 
J J. W. Carey and H. R. Copson, 
International Nickel Company Re- 
search Laboratories 
D W. R. Angell, U. S. Navy 
T W. D. Forgeng, Union Carbide and 


Carbon Research Laboratories, 
Inc. 

R H. S. Rawdon, National Bureau of 
Standards 

S J. R. Vilella, U. S. Steel Research 
Laboratories 


Etching and Preparation of Photomicro- 
graphs: 


Each sample was prepared for metal- 
lographic examination by the cooperat- 
ing laboratories and photographed at a 
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magnification of 750 diameters. The  repolished and etched for 10 to 25 min. 
cyanide etching was performed in a_ ina hot solution of Murakami’s reagent 
10 per cent aqueous solution of sodium (10 g. of potassium ferricyanide, 10 g. of 


‘ 


Fic. 1.—Laboratory D. Heat No. 1 Material Etched Electrolytically in Sodium Cyanide 


(10 per cent) for 3 min. (X 750). 


cyanide, and the current was applied for potassium or sodium hydroxide, 
3 to 10 min. After these photomicro- 100 ml. of water). 


graphs were taken, the specimens were The photomicrographs received from 


« 


and 


— 
650 C 
‘ 
. 
search 
nicro- ‘ 
perat- 
lata 


four of the cooperating laboratories are 
shown in the attached figures. In view 
of variations in polishing, etching, and 
photographic technique, certain differ- 
ences appear in the reproductions of the 
photomicrographs, which differences are 
less distinct when the specimens or the 


550 C. 


750 C. 


original prints are viewed directly; these 
differences were carefully considered 
before reaching the conclusion that the 
results obtained by the several labora- 
tories were largely in agreement,— 
sufficiently so to establish the con- 
clusions appearing in this report. 
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The precipitate is darkened with the 
sodium cyanide etch and the austenitic 
grain boundaries are outlined in the 
usual etching time only when a pre- 
cipitate is present. The 550 C. treat- 
ment causes a precipitation along the 
grain boundaries with an _ occasional 


650 C. 


Fic. 2.—Laboratory D. Heat No. 1 Material Etched in Hot Murakami’s Reagent for 10 min. 
(X 750). 


discontinuity. After treatment at 650 
C., the precipitated particles are slightly 
coarser and in some areas the precipitate 
occurs at the twinning planes. The 
precipitated particles are much larger 
and the grains heavily outlined after 
heating at 750 C., and precipitation 
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he along the twinning planes is quite 
tic general. After the treatment at 850 C., 
he the structure is quite similar to that of 
the 750 C. specimen. 

it- 
he 
ial 


min. 750 C., Etched 3 min. 

650 

htly Murakami’s etch reveals only a trace 
tate | of grain boundary material at 550 C. 
The However, precipitated particles may be 
ba noted at close intervals along the grain 
uiter 
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boundaries of the specimen treated at 
650 C. The particles become larger and 
more continuous at 750 C., and in this 
specimen precipitation may be noted at 


650 C., Etched 6 min. 


850 C., Etched 3 min. 


Fic. 3.—Laboratory J. Heat No. 1 Material After 6 Days, Etched Electrolytically in 
Sodium Cyanide (10 per cent) (X 750). 


the twinning planes. At 850 C., the 
particles are slightly larger but they 
lack the continuity of those noted in the 
specimen heated at 750 C. 


oy 


> 
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Embrittlement Tests: condenser. The relative degree of sus- 

The embrittlement tests were made by ceptibility was determined by visual 
exposing identical samples of the steel examination of the outer surfaces of the 
from heat No. 1 for a period of 100 hr. specimens after bending, by the angle 


550 C., Etched 25 min. 650 C., Etched 15 min. 


| 


3 
. 
abil 
750 C., Etched 15 min. a Pe 850 C., Etched 15 min. 


Reagent (X 750). 


“ae ai Fic. 4.—Laboratory J. Heat No. 1 Material After 6 Days, Etched in Hot Murakami’s 


to a boiling acidified copper sulfate through which the specimens could be 
solution containing 47 ml. per liter of | bent before intergranular cracks were ob- 
sulfuric acid (sp. gr. 1.84) and 13 g. per served, by hammering a corner of a cube 
liter of copper sulfate, using a reflux Ceaiiacions J _— and ss weight loss. 
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Fic. 5.—Laboratory T. Heat No. 1 Material After One Week Etched Electrolytically in aa * 
Sodium Cyanide (10 per cent) for 3 min. (X 750). 


The results of the embrittlement tests Ss hs ee ailed badly. Angle of bend 

approximately 25 deg. when 

conducted by laboratory D are as vale weal) intergranular cracks were first 
follows: 

750 C. Failed. Angle of bend approxi- 

SPECIMEN mately 80 deg. when inter- 

HEATED AT granular cracks were first ob- 

550 C. Failed badly. Angle of bend served. 
approximately 22 deg. when 850 C. No failure. Angle of bend ap- 


intergranular cracks were first 


proximately 180 deg. without 
observed. 


showing intergranular cracks. 


‘ 
ob- 
cube 
loss. 
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Fic. 6.—Laboratory T. Heat No. 1 Material After One Week, Etched in Hot Murakami’s Reagent 


for 15 min. 


The results of similar tests reported 
on a weight-loss basis by laboratory J 
are as follows: 


Weicat Loss 100-nR. 
SPECIMEN FROM Strauss Test 
Heat No. 1 aw MG. PER DM. 
HEATED AT , G. PER DAY 
470 
850 C. 0.0009 2 


Laboratory J stated that upon removal 
from the boiling acidified copper sulfate 


(X 750). 


solution the specimen heated at 550 C. 
was partially covered with crystals of 
copper and its polished surface showed 
granulation. Hammering one corner 
produced some cracking and crumbling. 
The specimen heated at 650 C. also 
showed slight granulation of its polished 
surface and hammering one corner 
produced some cracking, while the 


specimens heated at 750 C. and 850 C 
seemed unaffected. 
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The data submitted by laboratory T 
showed that after heating at 550 and 
650 C. the steel exhibited intergranular 


550 C. 


but the specimen heated at 850 C. 
exhibited no signs of attack at the grain 
boundaries. 
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ent 
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ng. 750 C. 

Iso Fic. 7.—Laboratory R. 

ed 

1er 

he attack on treatment in the boiling copper 

Cc sulfate solution. The specimen heated 
at 750 C. showed slight cracking on 
bending, which indicated very mild 
susceptibility to corrosi 


Heat No. 1 Material Etched Electrolytically in Sodium Cyanide 
(10 per cent) for 10 min. (X 750). 


that the effects of the two lower heat- 


850 C. 


While all of the results from each 
laboratory for each heat treatment are 
not absolutely identical, there is suffi- 
cient similarity to permit the statement 


y 


Gar: 
4 
j | 


treating temperatures are quite similar 
and, likewise, the effects of the two 
higher heat-treating temperatures are 
quite similar. Between 650 and 750 C. 


550 C. 


“all 


750 C. 


a rather large difference in etching and 
corrosion behavior has occurred. At the 
lower temperatures the steel is more 
susceptible to attack in the Strauss test, 
and the precipitation revealed by the 


142 REPORT OF SUBCOMMITTEE VI oF ComMITTEE A-10 


etching reagents is fine and more nearly 
continuous in character. 

The Murakami etch, when applied 
to the specimens heat-treated at 550 C., 


Fic, 8.—Laboratory R. Heat No. 1 Material Etched in Boiling Murakami’s Reagent for 
20 min. (X 750). 


does not behave similarly in the hands 
of all of the investigators (in two cases 
out of four, no intergranular develop- 
ments appear), and this is extremely 
important because this appears to be the 
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temperature of maximum susceptibility 
to intergranular attack. On the other 
hand, at the higher temperatures the 
results obtained by the several in- 
vestigators are quite similar. 

The sodium cyanide etch also is not 
perfectly satisfactory, for, although it 
indicates in the hands of each operative 
a definite condition at the grain bounda- 
ries, there appears to be considerable 
difference in the severity of the attack 
that is not disclosed by the time element 
alone. The reliability of its indications 
of susceptibility is, however, much 
better than that secured by the Mura- 
kami reagent. Further study of the 
etching conditions appears to be indi- 
cated if either or both reagents are to be 
employed with assurance of like inter- 
pretation by different observers. _ 
Summary: 

It is apparent from the photomicro- 
graphs obtained in the study of the 
structure of heat No. 1 that sodium 
cyanide is more positive and reliable than 
Murakami’s reagent for detecting pre- 
cipitated carbides (as shown by the 
data of the appendix) in the low-carbon 
18 per cent chromium, 8 per cent nickel 
steels. However, neither reagent is 
instrumental in revealing a difference in 
microstructure commensurate with the 
relative susceptibility to intergranular 
corrosion, at least, so far as this is 
indicated by the Strauss test. 

Although the results of these or the 
previous experiments! have not been 
instrumental in fulfilling the original 
purpose of the study, that is, to deter- 
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mine the nature of the material pre- 
cipitated at the grain boundaries when 
austenitic stainless steel is subjected to 
heat treatment that renders it susceptible 
to intergranular corrosion, they have 
established that there is no correlation 
between the amount of precipitated 
material observed in the grain bounda- 
ries by microexamination and_ the 
susceptibility to intergranular corrosion. 

There is some indication that when the 
intergranular precipitation is thin and 
continuous, intergranular corrosion sus- 
ceptibility is high, and when the sepa- 
rated particles between the grains are 
large, distinct, and not continuous, the 
susceptibility is very low or absent. 
This statement, however, cannot be 
established as positive without ap- 
preciable further work, which should be 
accompanied by efforts to arrive at a 
uniform and acceptable etching pro- 
cedure capable of producing uniform 
results by any skilled metallographer, 
and also an attempt to determine 
whether any etching procedure can 
adequately predict susceptibility to 
intergranular corrosion. In X-ray 
studies by one of the laboratories, as 
reported in the appendix, the presence 
of the chromium carbide CrC was 
noted in all specimens. It is pertinent 
to note that the sample heated at 550 C., 
which showed the greatest susceptibility 
to attack, contained the least amount of 
chromium carbide. 

Respectfully submitted on behalf of 


the subcommittee, 
Chairman, 


APPENDIX 


X-ray diffraction patterns were taken of 
residues from each specimen by laboratory T. 
The residues were obtained by treatment of 
the samples with a solution of hydrochloric acid 
and potassium copper chloride. It was found 
that the residue from the 850 C. specimen was 
well crystallized Cr,C with traces of Cr2N and 
austenite. The residue from the 750 C. speci- 


men was a mixture of CrsC and austenite. 
The amount of Cr,C in the residue from the 
650 C specimen was much lower than in the 
750 C. specimen, and only a trace was present 
in the residue from the 550 C. specimen. The 
bulk of the residue in the latter samples was 
austenite. 
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REPORT OF THE RESEARCH COMMITTEE 
; _ Owing to the demands of war condi- During the year the committee has a 
tions, it has not been found feasible to received additional allotments from the ms 
7 7 hold a formal meeting of the Research A.S.T.M. Research Fund for the pur- fi 
7 ¥ Committee on Fatigue of Metals during pose of carrying on the Study of the J ~ 
y 


Sl this year. The cooperative arrange- Effect of Size of Specimens on the | 
ment with Metals and Alloys has been Fatigue Strength of Metals. The com- (3 

: continued whereby this committee fur- mittee was able to obtain a sufficient eeu, 
- nishes its services in the abstracting amount of three types of steel, andaj | 
nd of articles on fatigue of metals for progress report of this investigation is 
S + publication in the Metallurgical En- presented as an Appendix to this report. 
gineering Digest of this Journal. 


“a The committee, acting on a suggestion This report has been submitted to 
ng aah from G. F. Jenks, chairman of Commit- letter ballot of the committee which 
ory tee E-9 on Research, is considering sug- consists of 21 members; 15 members 
ae gestions for special problems directly returned their ballots, all of whom have 
connected with the war effort. in the voted affirmatively. 

7 a study of which the committee could 


cooperate. Arrangements are being Respectfully submitted on behalf of 


- made for the committee to have close the committee, 
contact =with one such investigation H. F. Moore, 
which is just being started. Chairman. 


of si: 
(2) ] 


and 


PROGRESS REPORT ON THE EFFECT OF SIZE OF SPECIMEN ON ‘ ey5Ey 
FATIGUE STRENGTH OF THREE TYPES OF STEEL ; an us 
PREPARED BY H. F. Moore'anp D. Morkovin® 2 


Tests have been carried on at the Talbot Materials Testing Laboratory at 
the University of Illinois under the auspices of the A.S.T.M. Research Com- 
mittee on Fatigue of Metals on specimens of two plain carbon steels (S.A.E. 
1020 and S.A.E. 1035) and one heat-treated chromium-molybdenum steel 
(S.A.E. X4130). Five different sizes of specimens were tested for each kind 
of steel; with minimum test diameters of 4, 4, 4, { or 1 in., and 14 or 14, or2 in., 
respectively. The specimens were cut from bars 3 or 34 in. in diameter, and 
care was taken to have the most stressed fiber of each specimen as nearly as 
possible the same distance from the axis of the bar. Surveys of the Brinell 
hardness of the cross-section of the bars were made to serve as a basis for correc- 
tion of slight variations in this distance. In machining, care was taken to 
avoid overheating. 

All fatigue tests were made in rotating-cantilever testing machines. The 
results of the tests showed a maximum size effect of about 30 per cent of the 
endurance limit for 2-in. specimens of the S.A.E. 1020 steel. There was also . Ce ees 
shown a tendency for the endurance limit to become constant for specimens Tak ea 
3 in. minimum diameter and larger. 

A comparison of these results with published results of other “size effect” , ae <oe 
studies was made, and a diagram is included showing the field of “scatter” 
of the results found in the various investigations. yy 


Scope of Proposed Investigation Sub- Cooperating Laboratories: : oan 
mitted: In carrying out these tests the West- > ty 
The investigation of “size effect” inghouse Research Laboratories, the ae 
fatigue strength was planned to cover at Massachusetts Institute of Technology 
least three main lines of study: (J) Effect Materials Laboratory, the Kansas State may é 
of size on unnotched, polished specimens, College Shops, and the University of so% 
(2) Effect of size on notched specimens, Wisconsin, either are machining speci- —__ oa 
and (3) Effect of internal stresses in mens, making tests, or have agreed to Ye: 
metals studied. This progressreporthas do so upon receipt of specimens. This 
to do with the first of these objectives. particular report covers tests made dur- aaa 
Work on the second has been begun and ing the past year at the University of ae 
work on the third is under consideration. J]Jinois Materials Testing Laboratory Ee 
_ where there was equipment for testing 
versity of Urbans, specimens ranging in size from to 2 


2 Instructor in Theoretical i Applied Mechanics, 
University of Illinois, Urbana, Il 


in. in diameter. 
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Metals Tested: 


For the first lot of metal for the in- 
vestigation the following types of steel 
were chosen: (/) An S.A.E. 1020 carbon 
steel, hot rolled and furnished by the 
Carnegie-Illinois Steel Corp., (2) An 
S.A.E. 1035 steel, hot rolled and also 
furnished by the Carnegie-Illinois Steel 
Corp., and (3) An S.A.E. X4130 chro- 
mium-molybdenum steel, heat treated to 
a Brinell hardness of approximately 300 
and furnished by the Timken Roller 
Bearing Co. 

The S.A.E. 1020 steel comprised 15 
bars, each 20 ft. long and 33 in. in 
diameter. These were all from the same 


TABLE I.—HEAT ANALYSES OF THE ‘tore USED 
IN SIZE EFFECT TESTS 


Chemical Content, per cent 

3s n 

8 

= 

aA! & 
S.A.E. 1035.. 0.34/0.78)0.24) ...| ...|0.028)0.016 
S.A.E. X4130 0.31)0.55 


heat of steel. The S.A.E. 1035 steel 
comprised 16 round rods each 19 ft. 
long and 33 in. in diameter. The S.A.E. 
X4130 steel comprised 11 pieces of 
round rod in lengths varying from 17 to 
21 ft. long and 3 in. indiameter. 
Properties of the Metals Tested: AA 
Table I shows the chemical analyses 
of the three steels furnished and Table 


II gives the mechanical properties. i i 


All of the fatigue specimens were 
rotating-beam specimens tested in ro- 
tating-cantilever machines. The larg- 
est specimen for the S.A.E. 1020 steel 
was 2 in. at the minimum diameter, 
for the 1035 steel, 1 in. at the minimum 


Fatigue Specimens: 


diameter, and for the chromium-molyb- 
denum X4130 steel, 14 in. at the mini- 
mum diameter. These different sizes 
were made necessary by the limit of 
allowable load on the fatigue testing 
machine used for these specimens. The 
second largest specimens were 1 in. in 
minimum diameter for the 1020 and 
1035 steels, and j in. in minimum di- 
ameter for the X4130 steel. The third 
largest lot of specimens were 3} in. in 


TABLE II.—-MECHANICAL PROPERTIES OF THE 
STEELS USED IN SIZE EFFECT TESTS. 


| by - 

a | | 

| is | 38 

Steel | a 78 

=< ao sé 

mim i< 

S.A.E. 1020....., 32300*| 62000| 28.0) so | 125 
S.A.E. 1035 .....| 47 87600| 25.0| 50 | 175 
S.A.E. X4130 ..... | 115 600° | 141 800 17.0| 60 | 300 


e Yield point by halt of pointer, rate of strain below 
yield point 0.042 per cent per min. 
6 Yield strength by offset of 0.2 per cent, rate of strain 
below yield strength 0.042 per cent per min. 


minimum diameter, the fourth largest 
lot of specimens were } in. in minimum 
diameter, and the smallest specimens 
were § in. in minimum diameter. 


Fic. 1.—Location of the Test Specimens in the 4 


Rolled Bars. 


A—1}4, 134 and 2-in, specimens. 
B—% and 1-in. specimens. 


specimens: 


In cutting these specimens from the 
rods as furnished, the axis of the largest 
specimens was the same as the axis of 
the bar. In cutting the other specimens 
from the bars, it was attempted to bring 
the inner end of the minimum diameter 
as nearly as possible to the same radius 


L 
v 
xe) 
on 
vo 
Cc 
L 


a 
— | of th 
of th 
of th 
Fig. 
cut 
| radit 
chan 
was 
: 
4 
bad 
Sm; 
with 
Brin 
piece 
= ft. fi 
ness 
in t 
Fi 
from 
a bars 
the 


Hardness Number 


Average Brinell 


‘below 


“strain 


n the 
irgest 
xis of 
imens 
bring 
meter 
radius 


re 


Errect or oF SPECIMEN ON FATIGUE STRENGTH 


of the axis of the bar as was the surface 
of the largest specimens. The location 
of the specimens in the bars is shown in 
Fig. 1. It was not found feasible to 
cut all the specimens at precisely the 
radius desired, and allowance for the 
change of fatigue strength of the metals 
was made on the basis of a survey of 


Fic. 2.—Location of Specimens for Brinell Hard- 
ness Survey of Rolled Bar. 
Small circles show the location of the indentations. 
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Fic. 3.—Typical Variation of Brinell Hardness 
with Distance from the Axis of the Steel Bar. 


Brinell hardness. Figure 2 shows the 
piece cut from each test bar about 3 
ft. from the end, on which Brinell hard- 
ness measurements were taken as shown 
in the figure. 

Figure 3 shows a distribution diagram 
of hardness at different radial distances 
from the axis of typical bars. All the 
bars showed stronger material 1 in. from 
the axis than at points nearer the axis. 
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In Fig. 3 values for the points at dis- 
tances of 0.5 in. and 1 in., respectively, 
from the axis are the average of two 
determinations. The results reported 
for each specimen tested in fatigue have 
been adjusted to the approximate aver- 
age hardness for each metal as follows: 


+ 300 


It was assumed that over the narrow 
range of Brinell hardness the endurance 
limit for the steel would be directly 
proportional to that hardness. 

The general type of fatigue specimen 
is shown in the diagram in Fig. 4. The 


Fic. 4.—Diagram of Typical Test Specimen and 
Rotating-Cantilever Fatigue Machine. 


reduced section was turned down with a 
tool swung on a radius equal to very 
nearly five times the minimum diameter 
of the specimens (R = 5d.) In this 
type of specimen the maximum stress is 
not quite at the minimum section, since 
for a short distance from the minimum 
section the increase in the moment arm 
l overbalances the increase in the di- 
ameter of the specimen. The maximum 
stress is found at some section AB. 
This excess of maximum stress over the 
stress at the minimum section was de- 
termined for each of the sizes of speci- 
mens tested. It was found to be about 
2.6 per cent for the 2-in. specimens and 
was negligible for the 3, } and }-in. 
specimens. The actual fatigue failures 
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occurred at sections in the vicinity of 
the sections of the maximum stress. 

In machining the fatigue specimens 
from the bars, care was taken to avoid 
overheating. This was done by using 
light cuts, slow cutting speeds, by cut- 
ting under a stream of coolant, or by a 
combination of these methods. __ 
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gram in Fig. 4. The machines were 
fitted with ball bearings, including the 
bearings in the load hanger bearing. 
The load hanger was also pivoted about 
a horizontal] diametral axis. In the tests 
of the larger specimens, on account of 
the rise in temperature, it was found 
necessary to reduce the speed of the 
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Fic. 5.—S-N Diagrams for {, 1, 1}, 1}, and 2-in. Specimens. 


In polishing each specimen, it was 
rotated slowly about its axis while a 
rapidly rotating round bar wrapped with 
emery cloth was held with its axis at 
an angle to the axis of the specimen. 
The resulting ‘‘polishing scratches” were 
approximately at 45 deg. with the speci- 
men axis. Cx 


Testing Machines: 


The testing machines were all of the 
rotating-cantilever type shown in the dia- 


testing machines. The speeds used were 
as follows: For the 2, 12, and 1}-in. 
specimens, 400 rpm.; for the 1 and j-in. 
specimens, 800 rpm.; for the 3-in. speci- 
mens, 1200 rpm.; for the }-in. specimens, 
2400 rpm.; and for the $-in. specimens 
3200 rpm. A few §-in. specimens were 
tested at 6000 rpm. and the results of 
these fitted into the same S-N diagrams 
as were found for the tests at 3200 
rpm. By thus adjusting the speeds, 
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the surface temperature of the speci- 
mens at the critical sections was kept 
below 110 F. 


Test Results: 


Figures 5 to 7, inclusive, show S-N 
diagrams. In these diagrams each test 
result is represented by a circle whose 
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observed that all three curves, for the 
three different steels, show a tendency 
to flatten out for specimens of diameters 
3 in. and larger. For the sake of short- 
ness and definiteness, the constant or- 
dinate of the horizontal portion of each 
of the curves in Fig. 8 for the three 


different steels will be referred to in this 
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Fic. 6.—S-N Diagrams for } and }-in. Specimens. 
radius represents 1000 psi. on the stress report as “endurance limit of large ears 
scale. This same plan is followed specimens” of that particular steel. ae. 


through the test diagrams. These tests 
are not quite complete, but it is believed 
that endurance limits may be estimated 
with sufficient accuracy to make this 
report worth while. 

Figure 8 shows a summary of these 
1942 A.S.T.M. size effect tests performed 
by the authors at the Talbot Laboratory 

yf the University of Illinois. It may be 


Thus the tests performed so far in the 
1942 A.S.T.M. size effect series seem to 
indicate that the endurance limit de- 
creases with increasing size, but tends to 
approach a lower limit, the ‘endurance 
limit of large specimens.” Beyond a 
certain size, there seemed to be no indi- 
cation of any further drop in endurance 
limit with further increase in size. ae 
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Mailander and Bauersfeld* in the dis- 
cussion of their results (size effect in 
reversed torsion), express a similar con- 
clusion. In their case, the flattened- 
out portion of the endurance limit-size 
curve was not yet reached by the pol- 
ished, solid torsion specimen of the 
largest size tested (1.77 in. diameter). 
However, a distinct tendency to flatten- 
ing out was shown by the endurance 
limit-size curves for their polished 
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Fic. 7.—S-N Diagrams for }-in. Specimens. 


tubular torsion specimens and _ solid 
polished. torsion specimens with fillets, 
keyways, and cross-holes. 

The extent and form of the critical 
regions and the states of stress are differ- 
ent in differently shaped specimens. 
This may explain the observation that 
the properly drawn endurance limit- 
size curves through the actual test result 
points of the various Mailainder- 
Bauersfeld test series cross and show 


3 Mailinder and Bauersfeld, “‘Einfluss der Probengriésse 
und form auf die Dreh-Schwingungfestigkeit von 
Stahl,” Technische Mitteilungen Krupp, Year 2, No. 5, 
December, 1934. 


: 
ran 


flattening out at different sizes.‘ For 
the same reasons one should not expect 
to find the flattening out of endurance 
limit-size curves for torsion tests at the 
same specimen sizes as for the rotating- 
cantilever-bending specimens. 

The control data in the investigation 
of H. F. Moore and R. L. Jordan fur- 
nish two sets of data from which en- 
durance limit-size curves can be drawn 
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Fic. 8.—Endurance Limit—Size Diagrams. 


Shaded area represents the estimated “scatter” area due 
to experimental error. 


for polished rotating-cantilever speci- 
mens in reversed bending.’ That in- 
vestigation was not intended to 
emphasize size effect, and _ therefore 
the location of the specimens in the bar 


* Loc. cit., p. 149—‘‘Besides that, the curves were some- 
what evened out with respect to each other, so that there 
is no mutual crossing.’’ The above-mentioned flattening- 


out is more evident if the curves are redrawn through the 
actual points without arbitrary adjustment. 

5H. F. Moore and R. L. Jordan, ‘‘Stress Concentration 
in Steel Shafts with Semi-circular Notches,’’ Proceedings, 
Fifth Internat. Congress of Applied Mechanics, pp. 188- 
192 (1938). 
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was not studied so carefully, as was 
done in this 1942 A.S.T.M. series. 
Neither was a Brinell hardness survey 
carried out and therefore the endurance 
limits of the specimens of various sizes 
are not quite comparable on the basis of 
identity of properties of the material. 


the A.S.T.M. Research Committee on 
Fatigue of Metals contains two en- 
durance limit-size curves for steels. 
Neither curve shows data for specimens 
of as large sizes as those sizes at which 
similar curves in this 1942 investigation 
show a flattening out. The 1941 series 


However, the series for S.A.E. 1020 will be hereafter referred to in this paper 
BE 
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Fic. 9.—Relative Endurance Limits of Polished Rotating-Beam Specimens of Various Sizes. _ 


Results from various investigations. 


steel shows clearly a flattening out, 
whereas the results for S.A.E. 2345 
steel show too much scatter to reach a 
conclusion. However, all the test series 
with notched specimens show flattening 
out of endurance limit-size curves. 
The Appendix to the 1941 Report® of 


Proceedings, Am. Soc. Mats., Vol. 41, 133 


1941 


Shaded area shows the ‘‘scatter” of test results. 


as the 1941 A.S.T.M. series, and the 
present investigation as the 1942 
A.S.T.M. series. 

R. Faulhaber carried out an investiga- 
tion of size effect in reversed bending 
(constant bending moment Schenck type 
machine) for six different steels, with 
polished specimens, ground specimens, 
specimens merely turned, and specimens 
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with three various depths of circum- 
ferential 90 deg. V-notches.’ For two 
of the steels tested, the flattening out 
of the endurance limit-size curves was 
not reached even with the largest size 
of the polished specimen (1.075 in. 
diameter). For the other steels, the 
data are not sufficient to determine 
this. However, a distinct flattening 
out of endurance limit-size curves may 
be observed even with the sizes tested 
in the case of notched specimens. 

It is not proposed to discuss size effect 
in notched specimens in the present 
progress report. Size effect tests on 
notched specimens are now in progress 
at the Materials Testing Laboratory of 
the University of Illinois. Notwith- 
standing the results of investigations on 
size effect in notched specimens men- 
tioned above, the data are still too few 
to justify drawing conclusions in this 
progress report. 

The authors know of only one set of 
published data on endurance limits of 
specimens of diameters larger than 2 in., 
—those of Horger and Neifert.* The 
following is a quotation from the paper: 
“No discussion of size effect and its 
influence on the endurance limit for the 
various size specimens is given in this 
paper because of the large number of 
variables, which preclude its evalua- 
tion.” 

The differently shaded areas in Fig. 9 
are the “scatter regions” in which fall 
the points corresponding to the en- 
durance limits of many varieties of 
steels. These were obtained by the 
investigators listed in the figure. Also 
the steels used are listed in the figure. 
All the results are for polished rotating- 
beam specimens in bending. Faul- 


Mitteilungen, Forschungs-Institute der V 
Stahlwerke, Dortmund, Vol. 3, pp. 153-171 (1933); 
Stahl und Eisen, Vol. 53, R 1106-1108 (1933). 

QO. J. Horger and H. Neifert, ‘Fatigue Strength of 
Machined Forgings 6 to 7 in. in Diameter,” Proceedings, 
Am. Soc. Testing Mats., Vol. 39, p. 723 (1939). 


haber’s results are for constant bending 
moment specimens, the rest mostly for 
cantilever type specimens. The “en- 
durance limit of large specimens” for 
each steel was used as 100 per cent and 
the endurance limits of smaller speci- 
mens were expressed as percentages on 
this basis. In Faulhaber’s series and 
the 1941 A.S.T.M. series the mean en- 
durance limits of the largest specimens 
were used as 100 per cent. Conse- 
quently, it might be that the corre- 
sponding “‘scatter regions”’ for Faulhaber 
and the 1941 A.S.T.M. series should be 
placed somewhat higher with respect to 
the main 1942 A.S.T.M. series than 
shown. The “scatter regions’ were ex- 
tended in height by allowing for experi- 
mental error. Proceeding in the above 
described way, less scatter was obtained 
than when the endurance limits of all 
the }-in. specimens were used as a basis 
of comparison (100 per cent). It is not 
felt that a straight-line extrapolation to 
zero size (as was done by Faulhaber) is 
justifiable at all. It is believed that the 
combined scatter region covers safely 
the endurance limits of all the steels 
listed for all sizes of polished rotating- 
beam bending specimens up to 2 in. in 
size. The Faulhaber series is probably 
not quite comparable to the rest because 
of the different type (constant bending 
moment) of specimens used by him. 
The tentative meaning of the diagram 
may be illustrated by the following nu- 
merical example: Suppose it is desired to 
find a safe value of the endurance limit 
of a 2-in. diameter rotating-beam steel 
member. From a series of 0.3-in. speci- 
mens cut out of the bar from which the 
2-in. specimen is to be machined, from 
the same depth as the surface of the 
2-in. member would occupy, an en- 
durance limit of, say, 40,000 psi. was 
obtained. The ordinate of the top mar- 
gin of the scatter region at an abscissa 
of 0.3 in. is about 116 per cent. The 
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creased surface of large specimens, etc., 


as well as of the combination of several 
such probable causes, is in progress. sie ou 
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iy PROGRESS REPORT TO 


During the past year, the Joint Re- 
search Committee on Effect of Tempera- 


— OF JOINT RESEARCH COMMITTEE 


ON 
a EFFECT OF TEMPERATURE ON THE PROPERTIES OF METALS 


THE SPONSOR SOCIETIES 


the yearly period of May 1, 1941, to 
April 30, 1942. 


TABLE I.-—-SUMMARY OF RECEIPTS AND EXPENDITURES OF COMMITTEE FUNDS. 


Balance as of April 30, 1941, shown in 1941 Report..............cccccceccccccceees $11 957.20 
RECEIPTS 
1941 
September Interest on funds 10/1/40 to 9/30/41.................-.20 $48.25 
November The Engineering 250.00 
December The Engineering 250.00 
1942 
June Battelle Memorial Institute (Project No. 13)................-. $650.00 
June Battelle Memorial Institute (Project No. 18)............. | Se 
July Battelle Memorial Institute (Project No. 18).................. 339.38 all a 
October Battelle Memorial Institute (Project No. 18).................. 658.49 
December Battelle Memorial Institute (Project No. 18).................. 29.00 a 


ture on the Properties of Metals under 
the sponsorship of The American Society 
of Mechanical Engineers and the Ameri- 
can Society for Testing Materials, held 
one meeting on December 2, 1941, at 
New York, N. Y. A second meeting of 
the committee will be held in June, 
1942, in Atlantic City, N. J., prior to the 
presentation of this report at the annual 
meeting of the A.S.T.M. Several meet- 
ings of project committees have been 
held during the year. 


There appears in Table I a summary 
of the administration of funds during 


Finances: 


Expenditures have been authorized 
and payments made to date on several 
research projects as follows: 


Maximum 


Expenditure ents 
Authorized e 
Projec No. 10—Tubular 
Subject to Inter- 
nal Pressures . $4100.00 $3 500.00 
Project No. 18—Effect of Var- 
iables on the High Temper- 
ature Properties of Metals 
(Part 3).. 5 000.00 3 538.39 
No. ‘25—Comparison 
Short-Time Methods..... 1 000.00 500.00 


Organization and Membership: 


One new member was added to the 
committee in June, 1941, Mr. John S. 
Worth of the Bethlehem Steel Corp. 
Mr. Worth has long been active in the 
work of the committee, as a cooperator 
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and adviser, associated with the late 
Mr. P. E. McKinney. 


Research Projects: 


There follows a summary of progress 
made in the various research projects 
during the year ending June, 1942. 

Project No. 10 on Tubular Members 
Subject to Internal Pressures (H. J. Kerr, 
chairman).—The work covered by this 
project, carried out at the Massachu- 
setts Institute of Technology, has now 
been completed, and it is anticipated 
that the report will be published in the 
near future by The American Society of 
Mechanical Engineers. 

Project No. 16 on Relaxation (E. L. 
Robinson, chairman).—This project is 
inactive at present. It is planned to 
sponsor a technical session on this sub- 
ject at a more convenient time. 

Project No. 18 on Effect of Variables on 
the High-Temperature Properties of 
Metals. (H. W. Gillett, chairman).— 
Much of the creep equipment at Bat- 
telle Memorial Institute that has been 
utilized in the work of this project is now 
assigned to other important studies, and 
the completion of this project must be 
held till a later time. 

Project No. 25 on Comparison of 
Short-Time Test Methods (J. S. Worth, 
chairman).—This project involves the 
comparison of results from a number of 
short-time test methods with those from 


Bal creep tests on two steels, the 
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0.35 per cent carbon steel K-20, and a 
carbon-molybdenum steel K-22. The 
creep test results for the steel K-20 are 
being taken from the many published 
results of tests on this steel; for the 
carbon-molybdenum steel K-22, creep 
tests at 850 F. and 1000 F. have been 
completed at the University of Michi- 
gan. A number of laboratories are 
cooperating in this work. 

Despite the war conditions, the proj- 
ect committee has made real progress, 
and the report is now in course of 
preparation. 

Project No. 26 on Test Methods (J.W. 
Bolton, chairman).—The committee has 
studied the Tentative Method of Test — 
for Short-Time High-Temperature Ten- 
sion Tests of Metallic Materials (E 21- 
37 T) and has recommended that this 
be changed to Recommended Practice 
for Short-Time Elevated Temperature 
Tension Tests of Metallic Materials.! 


Respectfully submitted on behalf of 4 i 
the Joint Research Committee, 


N. L. Mocuet, 


Chairman, 


* See Editorial Note, below. 


J. W. Botton, 
Secretary. 


NOTE 


ubsequent to the annual meeting, the Joint Committee on Effect of Tem- Hs i 
perature on the Properties of Metals presented to the Society through Com- 


mittee E-10 on Standards a revision of the Tentative Method of Test for Short- ve 
Time High-Temperature Tension Tests of Metallic Materials (E21-37T). | 
The revised tentative standard was accepted by Committee E-10 on January 5, 
1943, and appears in the 1942 Book of A.S.T.M. Standards, Part I, p. 1577. 
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Committee B-1 on Copper and Copper 
Alloy Wires for Electrical Conductors 
held three meetings during the year: in 
Chicago, Ill., on June 23, 1941, in Cleve- 
land, Ohio, on March 3, 1942, and in 
New York, N. Y., on May 15, 1942. 

The committee lost an active member 
of long standing in the death of H. A. 
Staples of the Phelps Dodge Copper 
Products Corp. 

Several changes in membership have 
occurred during the year: 


W. H. Bassett, Jr., Vice-Chairman of the 
committee, has entered the service as Captain 
in the Ordnance Division. 

L. A. Ward, Chase Brass and Copper Co., 
Inc., new member. 

M. A. Buell now represents the Bridgeport 
Brass Co., replacing R. S. Pratt. 

P. A. Moody now represents the Western 
Electric Co., replacing C. H. Frank. 

W. R. Hibbard, additional representative of 
The American Brass Co. 

H. H. Stout, Jr., Phelps Dodge Copper 
Products Corp., new representative. 

A. A. Jones, new member, representing the 
Anaconda Wire and Cable Co. and the National 
Electric Manufacturers Assn. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: ™ 

Chairman, J. H. Foote. 


Secretary, H. H. Stout, Jr. 


EMERGENCY ALTERNATE PROVISIONS 
AND EMERGENCY SPECIFICATIONS 


The committee recommended to the 
Society, Emergency Alternate Provi- 
sions in the Tentative Specifications for 
Rope-Lay-Stranded and Bunch-Stranded 
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OF COMMITTEE BA 
©OPPER AND COPPER-ALLOY WIRES FOR ELECTRICAL 


CONDUCTORS 


Copper Cables for Electrical Conduc- 
tors (B 158 —- 41 T) which were accepted 
by Committee E-10 on Standards on 
November 28, 1941, and issued as a 
pink sticker under the designation EA 
-B158. These changes were necessary 
to make more lenient the section on lay 
requirements of bunch-stranded con- 
ductors in order to conform with other 
existing standards. 

During the year the committee also 
prepared and presented to the Society 
Emergency Specifications for Lead-Coat- 
ed and Lead-Alloy-Coated Copper Wire 
for Electrical Purposes. These emer- 
gency specifications were accepted by 
Committee E-10 on March 27, 1942, 
and issued under the designation ES-1. 
Subsequent to this action, it was found 
necessary to revise certain sections of 
the specifications which had not been 
fully developed because of emergency 
conditions. A revision of the emergency 
specifications was approved under date 
of June 18, 1942. 

During the past two years the com- 
mittee has been preparing Specifica- 
tions for Hard and Medium-Hard- 


to supplement the soft grade provided 


wap Grades of Tinned Copper Wire 


: Vice-Chairman, W. R. Hibbard. in the Standard Specifications for Tinned 


Soft or Annealed Copper Wire for Elec- 
trical Purposes (B 33 - 39). These spec- 
ifications are now ready for considera- 
tion by the Society, but due to the 
non-availability of tin for general use 
and the probable lack of application for 
such specifications during the present 
emergency it seems to the committee 
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wise to publish these specifications as 
information pending a more opportune 
time for their approval as a tentative 
standard. They are accordingly in- 
cluded in Appendix I to this report. 
Comments and suggestions on these 
proposed specifications are solicited by 
the committee. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is submitting in this 
report three new tentative specifications 
which will replace one tentative standard, 
the revision and adoption as standard 
of a tentative standard, and the reaf- 
firmation of the remaining standards 
and tentative standards under its juris- 
diction with editorial revisions. 


I. New TENTATIVE STANDARDS 


Tentative Specifications for Rope-Lay- 
Stranded Copper Conductors Having Con- 
centric-Stranded Members, for Electrical 
Conductors.'—The requirements covering 
rope-lay-stranded copper conductors 
having concentric-stranded members 
have been separated from the Tentative 
Specifications for Rope-Lay-Stranded 
and Bunch-Stranded Copper Cables 
(B 158 - 41 T) and incorporated in these 
new specifications which are recom- 
mended for publication as tentative. 

Tentative Specifications for Rope-Lay- 
Stranded Copper Conductors Having 
Bunch-Stranded Members for Electrical 
Conductors..—The requirements covering 
rope-lay-stranded copper conductors 
having bunch-stranded members have 
been separated from the Tentative 
Specifications B 158—41T and incor- 
porated in these new specifications which 
are recommended for publication as 
tentative. 

Tentative Specifications for Bunch- 
Stranded Copper Conductors for Electrical 
Conductors.—The requirements covering 


1 These specifications were accepted as tentative by the 
Society and appear in the 1942 Book of A.S.T.M. Stand- 
ards, Part I, pp. 1194, 1189, and 1199, respectively. 
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bunch-stranded copper conductors have 
also been separated from the Tentative 
Specifications B 158-41T and incor- 
porated in these new specifications which 
are recommended for publication as 
tentative. 


II. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Tentative Specifications for Soft Rec- 
tangular and Square Copper Wire for 
Electrical Conductors (B 48-40 T)2— 
The committee recommends that these 
specifications, which have been pub- 
lished as tentative for three years, be 
revised as indicated below and approved 
for reference to letter ballot of the 
Society for adoption as standard: 

Section 7 (d).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of the word in brackets: 


(d) The corners of the wire shall be rounded 
to a quarter circle of the radius [as] with a 
plus or minus tolerance of 25 per cent (see Fig. 1). 
The radius shall be determined by a radius gage 
as prescribed in the following table: 


Also in the tabulation at the end of 
the paragraph add a footnote reference 
“b” after the words “rounded edge” in 
columns 2 and 3 and add a new footnote 
to read as follows: 


*A rounded edge is an edge produced by 
rolling round wire to the size specified either 
with or without a rolls (see Fig. 1). 


“Rounded 


A Rounded Corner 


Note.—The arc is not 
at points A. However, the wire 
free of sharp, rough or projecting olen. 


Fic. 1.—Corner of Wire Showing Rounded Edge. 


tangent to the flats 


21940 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 358. 
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III. WITHDRAWAL OF TENTATIVE 
STANDARD 


The committee recommends that the 
Tentative Specifications for Rope-Lay- 
Stranded and Bunch-Stranded Copper 
Cables for Electrical Conductors (B 158 
—41T)* be withdrawn since they have 
been superseded by the three proposed 
new tentative specifications mentioned 
earlier in this report. 


IV. REAFFIRMATION OF STANDARDS 


The committee has reviewed all the 
standards under its jurisdiction and 
recommends their continuation as 
standard with certain editorial changes 
referred to below in order to bring 
them in line with current practice: 

Standard Specifications for Medium- 
Hard-Drawn Copper Wire (B2-40),4 
for Tinned Soft or Annealed Copper Wire 
for Electrical Purposes (B 33 — 39),° and 
for Hard-Drawn Copper Alloy Wires for 
Electrical Conductors (B 105 -39).5— 
Clarify and make consistent the number 
of decimal places and number of signifi- 
cant figures employed in the dimensional 
requirements in these specifications. 

Standard Specifications for Hard- 
Drawn Copper Wire (B1-40),* for 
Medium-Hard-Drawn Copper Wire (B 2 
~40),* for Hard-Drawn Copper Alloy Wires 
for Electrical Conductors (B 105 39),' 
for Figure-O Deep-Section Grooved and 
Figure-8 Copper Trolley Wire for Indus- 
trial Haulage (B 116-40),* for Copper 
Trolley Wire (B 47 — 39), and for Bronze 
Trolley Wire (B 9 -39).*—Incorporate 
the following sentence in the notes rela- 
tive to speed of testing appearing in 
these specifications: 


to Book of A.S.T.M. Standards, 


Part I 

Su ment Book of A.S.T.M. Standards, 
Part I, pp. 1 

5 1939 S. M. Standards, Part I, pp. 563, 


568, 579, 573. 


oF COMMITTEE B-1 


It is suggested that tests be made at speed 
of moving head which, under no-load condi- 


tions, are not greater than 3 in. per min., but in let 
no case at a speed greater than that at which CO! 
correct readings can be made. al 

Standard Specifications for Concentric- vo 


Lay-Stranded Copper Cable, Hard, Medi- 
um-Hard, or Soft (B 8 41)..—In these 
specifications change all references to 
“cable” to read ‘‘conductor.” 

Standard Specifications for Figure-9 
Deep-Section Grooved and Figure-8 Cop- 
per Trolley Wire for Industrial Haulage 
(B 116 — 40).*—In Fig. 1 of these speci- 
fications change the word “die” maker 
to read “‘tool” maker. 

The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which 
consists of 42 members; 40 members 
returned their ballots with the results 
shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


\Ballots 
Neg- Marked 
ative | 


Affirm- 


Item ative 


Voting’ 


1. New TENTATIVE STANDARDS 
Spec. for Rope-Lay-Stranded 
Copper Conductors Having 
Concentric-Stranded Mem- 
for Electrical Conduc- 
Spec. for Rope- -Lay- 
opper Conductors Having 
Bunch-Stranded Members 
for Electrical Conductors ... 29 0 il 
Spec. for Bunch-Stranded 
Copper Conductors for Elec- 
trical Conductors 0 


Il. Aportion oF TENTATIVE 
STANDARD AS STANDARD 


Spec. for Soft 


revised....... 31 0 


Ill. Wrrmprawat or Tenta- 
TIVE STANDARD 
Spec. for Rope-Lay-Stranded 

and Bunch-Stranded Co; 
Cables for Electrical 
ductors (B158-41T).......| 30 0 


9 


#1941 Supplement to Book of A.S.T.M. Standards, 


Part I, p. 149. 
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This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee which the committee, 


consists of 42 members; 40 members 


J. H. Foore, 


Chairman. 
returned their ballots, of whom 37 have GF. De AN, 


voted affirmatively, and 0 negatively. Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee B-1 recommended to Com 
mittee E-10 on Standards that Emergency Provisions EA —B 158 be with- 
drawn inasmuch as the Tentative Specifications for Rope-Lay-Stranded and 
Bunch-Stranded Copper Cables for Electrical Conductors (B 158-41 T) to 
which they apply had been withdrawn by action at the annual meeting. This k 
recommendation was accepted by Committee E-10 on August 24, 1942. 

On December 11, 1942, Emergency Alternate Provisions in the Specifications —_ ia 
for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard,and = 
Soft (B 8-41), submitted by Committee B-1, were accepted by Committee ey ‘ 
E-10 and issued under the EA-B8. They were publishedin 
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1. These specifications cover tinned 
hard-drawn and medium-hard-drawn 
round copper wire for electrical purposes. 


Material 

2. (a) Tin for Coating.—The coating 
material shall be commercially pure tin. 

(b) Copper Base Metal.—The copper 
in the wire shall conform to the require- 
ments of the standard specifications of 
the American Society for Testing Ma- 
terials, as follows: 

Standard Specifications for Electro- 
lytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (A.S. 
T.M. Designation: B 5),? or 

Standard Specifications for Lake Cop- 
per Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars (A.S.T.M. Desig- 
nation: B 4),* low resistance grade. 

Or copper bars of special qualities, 
forms, or types, as may be agreed upon 
by the manufacturer and the purchaser, 
and which will conform to the require- 
ments prescribed in these specifications. 


Scope 


Tensile Properties 
3. (a) The finished or tinned wire 


1 These prepared cifications are under the jurisdic- 
tion of the STM Committee B-1 on Copper and 
Copper-Alloy Wires for ey Conductors. Pub- 
lished as information, June, 1942. 

21942 Book of A.S-T.M. Part I, p. 672. 

3 Ibid., 676. 
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PROPOSED SPECIFICATIONS FOR TINNED HARD-DRAWN AND 


MEDIUM-HARD-DRAWN COPPER WIRE FOR 

ye Wy These are proposed specifications and are published as information iy 


only. Comments are solicited and should be addressed to the American as ris 
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Society for Testing Materials, 260 S. Broad St., 


Philadelphia, Pa. 


shall conform to the requirements as to 
tensile properties prescribed in Table I. 
(Notes 1 and 2.) 

(6) For wire the nominal diameter of 
which is more than 0.001 in. (1 mil) 
greater than a size listed in Table I, 
but which is less than that of the next 
larger size, the requirements of the next 
larger size shall apply. 

(c) Tension tests shall be made on 
representative specimens. The elonga- 
tion shall be determined as the increase 
in length at the time of break, due to 
breaking of the wire in tension, and 
shall be measured between the jaws of 
the testing machine (Note 3). The 
zero length shall be the distance be- 
tween the jaws of the testing machine 
when a load equal to 10 per cent of the 
specified tensile strength has been ap- 
plied and the final lengths shall be the 
distance between the jaws at the time 
of rupture. The zero length shall be 
as near 60 in. as practicable. The frac- 
ture shall be between the jaws of the 
testing machine and shall be not closer 
than 1 in. to either jaw. 

(d) Retests—If, upon testing a speci- 
men from any coil or spool of wire, the 
results do not conform to the require- 
ments prescribed in Table I, two addi- 
tional specimens shall be tested, and the 
average of the three tests shall determine 
the acceptance or rejection of the coil 
or spool. 
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PROPOSED SPECIFICATIONS FOR TINNED HARD-DRAWN CopPER Wire 161 


TABLE I.—TENSILE REQUIREMENTS OF COATED WIRE.* 


Tinned Hard-Drawn Wire| Tinned Medium-Hard-Drawn Wire 
: Area at 20 C. (68 F.) 2 j j 
in. per 1000 ft. | Tensile | Fioggaton | Tensile Strength, psi. | Elongation 
cir. mils sq. in. ie per cent min. max. per cent 
0.2043 41 740 0.03278 126.4 54 100 1.24 | 42400 51 400 1.25 
0.1819 33 100 0.02600 100.2 55 100 1.18 43 300 52 300 1.20 
0.1620 26 250 0.02062 79.46 55 900 1.14 44 100 $3 100 1.15 
0.1443 20 820 0.01635 63.02 56 700 1.09 44 900 53 900 1.11 
0.1285 16 510 0.01297 49.97 57300 : 1.06 45 500 54 500 1.08 
0.1144 13 090 0.01028 39.63 57 900 1.02 46 000 55 000 1.06 
0.1019 10 380 0.008155 31.43 58 400 1.00 46 500 55 500 1.04 
0.09074 8 234 0.006467 -92 58 900 0.97 | 46900 55 900 1.02 
0.08081 6 530 0.005129 19.77 59 100 0.95 | 47 200 56 200 1.00 
0.07196 5178 0.004067 15.68 59 300 0.92 47 300 56 300 0.98 
0.06408 4107 0.003225 12.43 59 600 0.90 47 600 56 600 0.96 
0.05707 3 257 0.002558 9.858 59 800 0.89 47 800 56 800 0.94 
0.05082 2 583 0.002028 7.818 59 900 0.87 47 900 56 900 0.92 
0.04526 2 048 0.001609 6.200 60 100 0.86 48 100 57 100 0.90 
0.04030 1624 0.001276 4.917 60 300 0.85 57 300 0.88 
0.03589 1 288 0.001012 3.899 60 400 0.84 48 400 57 400 0.87 
0.03196 1 022 0.0008023 3.092 60 600 0.83 48 600 57 600 0.86 
0.02846 810.1 0.0006363 2.452 60 800 0.82 | 48 800 57 800 0.85 
0.02535 642.4 0.0005046 1.945 61 000 0.81 | 49000 58 000 0.84 


* These values of tensile strength and elo 


wire conform as nearly as practical to the requirements 


rescribed in the Standard S 


tion requirements for coated wire take account of changes occurri 
as the result of the application of coatings by hot-dipping methods. 


It is desirable that the physical values of coa 
cifications for Hard-Drawn Copper 


Wire (A.S.T.M. Designation: B 1)* or the Standard Qoecifications for Medium-Hard-Drawn Copper Wire (A.S. ° 
Desigzation: B 2)5 of the American Society for Testing Materials. 


Resistivity 

4. Electrical resistivity shall be deter- 
mined on representative specimens by 
resistance measurements (Note 4). At 
a temperature of 20 C. (68 F.) the re- 
sistivity of coated wire shall not exceed 
the values prescribed in Table II. 


TABLE II.—RESISTIVITY REQUIREMENTS OF 
COATED WIRE. 


Resistivity at 20 C. (68 
F.), ohms (mile, pound) 
Nominal Diameter, in. 


Medium- 
Hard Hard 
943.92 938.85 
951.72 946.06 


Dimensions and Permissible Variations 


5. (a) The size shall be expressed as 
the diameter of coated wire in decimal 
fractions of an inch; using three places 
of decimals, that is, in mils, for wire 
having a nominal diameter of 0.100 in. 
and larger; and not more than four places 


41942 Book of A.S.T.M. Standards, Part I, p. 686. 
5 Ibid., p. 690. 


of decimals, that is, in tenths of mils, 
for wire having nominal diameters less 
than 0.100 in. (Note 2). 

(b) The coated wire shall not vary 
from the specified diameter by more 
than plus 3 per cent or minus 1 per cent. 

(c) The diameter of coated wire of 
each coil or spool shall be measured. 
In the case of coils, the diameter shall 
be measured at three places, one near 
each end and one near the middle of 
the coil. In the case of spools, approxi- 
mately 12 ft. of the coated wire shall be 
unreeled and the diameter shall be 
measured at six places between the 
second and twelfth foot from one end. 
The average of the measurements ob- 
tained on any coil or spool shall be 
within the limits specified in Para- 
graph (d). 


Continuity of Coating 


6. The coating on the wire shall be 
continuous. The continuity of the tin 


coating shall be determined by the 
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sodium polysulfide - hydrochloric acid 
test as described in Section 7. (Note 5.) 


Sodium Polysulfide - Hydrochloric Acid 
Test for Continuity of Coating 


7. (a) Length of Specimens.—The test 
specimens shall each have a length of 
about 6 in. They shall be tagged or 
marked to correspond with the coil 
or spool from which they were cut. 

(b) Treatment of Specimens.—The test 
specimens shall be thoroughly cleaned 
by immersion in benzine, redistilled 
_ petroleum ether, ether, or carbon tetra- 
chloride for at least 3 min., then re- 

- moved and wiped dry with a clean, soft 
cloth. The specimens thus cleaned shall 
-_be kept wrapped in a clean, dry cloth 
until required for test. That part of 

the specimen to be immersed in the test 
solution shall not be handled. Care 
_ ghall be taken to avoid abrasion by the 
cut ends. 

(c) Special Solutions: 

Hydrochloric Acid Solution (sp. gr. 
1.088).—Dilute HCl (sp. gr. 1.18) with 
distilled water to a specific gravity of 
1.088 measured at 15.5 C. (60 F.). A 
portion of this HCl solution having a 
- yolume of 180 ml. shall be considered to 
be exhausted when the following number 
of test specimens of a length as indicated 
in Paragraph (d) have been immersed 
in it for two cycles: 


Maximum Number 


of Specimens 
to be Tested for Two 
Cycles in 180 ml. of 
Diameter, in. Acid Solution 
0.2043 to 0.141 
0.085 to0.0501............ 


Sodium Polysulfide Solution (sp. gr. 
1.142).—Prepare a concentrated solution 
by dissolving sodium sulfide crystals in 
distilled water until the solution is 
saturated at about 21 C. (70 F.), add- 


ing about 250 g. of i of sulfur per 
liter, and allow to stand for at least 24 
hr. Then dilute a portion of the con- 
centrated solution with distilled water 
to a specific gravity of 1.142 at 15.5 C. 
(60 F.). The sodium polysulfide test 
solution should have sufficient strength 
to blacken thoroughly a piece of clean, 
untinned copper wire in 5 sec. A por- 
tion of the test solution used for testing 
specimens shall not be considered to be 
exhausted until it fails to blacken a 
piece of clean copper as described above. 

(d) Procedure.—A \ength of at least 
43 in. from each of the cleaned speci- 
mens shall be immersed, in accordance 
with the following cycles, in test solu- 
tions maintained at a temperature be- 
tween 15.5 and 21 C. (60 and 70 F.): 

(1) The specimen shall be immersed 
for 1 min. in the HCl (sp. gr. 1.088), 
washed, and wiped dry. 

(2) The specimen shall be immersed 
for 30 sec. in the sodium polysulfide 
(sp. gr. 1.142), washed, and wiped dry. 

(3) The specimen shall be immersed 
for 1 min. in the HCl (sp. gr. 1.088), 
washed, and wiped dry. 

(4) The specimen shall be immersed 
for 30 sec. in the sodium polysulfide 
(sp. gr. 1.142), washed, and wiped dry. 

Washing Specimens.—After each im- 
mersion, the specimens shall immedi- 
ately be thoroughly washed in clean 
water and wiped dry with a clean soft 
cloth. 

(e) Examination of Specimens.—After 
the operations described in Paragraph 
(d), the specimens shall be examined to 
ascertain if copper exposed through 
openings in the tin coating has been 
blackened by action of the sodium poly- 
sulfide. The specimens shall be con- 
sidered to have failed if by such blacken- 
ing exposed copper is revealed. No 
attention shall be paid to blackening 
within 0.5 in. of the cut end. nibs 
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PROPOSED SPECIFICATIONS FOR TINNED Comes WIR 


Mechanical Test for Adhesion of Coating 


8. A mechanical test for adhesion of 
tinning may be made by bending the 
wire around a rod having a diameter 
equal to four times the diameter of the 
wire, and dipping the bent portion of 
the wire only in the sodium polysulfide 
solution (Section 7 (c)), for 30 sec. 
Any cracking or parting of the coating 
shown by blackening of the copper shall 
be cause for rejection. 


Joints 


9. Joints shall not be made in the 
wire after it has been drawn to size or 
coated. Joints in the wire or rods prior 
to final drawing shall be made in ac- 
cordance with the best commercial 
practice. (Note 6.) 
Finish 

10. (a) The tin coating shall consist 
of a smooth, continuous layer, firmly 
adherent to the surface of the copper. 

(b) The wire shall be free of all im- 


perfections not consistent with the best 
commercial practice. 


Norte 1.—The values of coated wire diameter 
in Table I, which correspond to gage numbers 
of the American wire gage, are given in four 
significant figures for reference and in the interest 
of greater precision in making calculations of 
weight, area, and resistivity. In specifying 
diameters of coated wire, or in inspecting wire, 
the diameter should be expressed in not more 
than three, nor less than two, significant figures 
within the range of sizes included in Table I and 
in accordance with the requirements of Section 5. 
The use of gage numbers to specify wire sizes 
is not recognized in these specifications because 
of the possibility of confusion. An excellent 
discussion of wire gages and related subjects is 
contained in Circular No. 31 of the National 
Bureau of Standards.® 

Note 2.—Other tests than those provided 


6 Circular No. 31, Nat. Bureau Standards, is for sale 
by the Superintendent of Documents, Government Print- 
ing Office, Washington, D. C., price 20 cents. 


RE 16 


Packing and Shipping 

11. (a) Package sizes shall be agreed 
upon by the manufacturer and the pur- 
chaser in the placing of individual orders 
(Note 7). 

(b) The coated wire shall be protected 
against damage in ordinary handling 
and shipping. 


Inspection 


12. All tests and inspection shall be 
made at the place of manufacture, 
unless otherwise especially agreed upon 
by the manufacturer and the purchaser 
at the time of purchase. The manu- 
facturer shall afford the inspector rep- 
resenting the purchaser all reasonable 
facilities, without charge, to satisfy 
him that the material is being furnished 
in accordance with these specifications. 


Rejection 


13. Wire that fails to conform to the 
requirements of these specifications shall 
be rejected. 


EXPLANATORY NOTES 


in these specifications have been considered at 
various times, such as twist tests, wrap tests, 
etc. It is the opinion of the committee that 
twist tests on hard-drawn or medium-hard- 
drawn wire serve no useful purpose and that 
wrap tests, other than that provided in Section 8 
which is a test for adhesion, are likewise un- 
desirable and inconclusive as to results and 
significance. 

Note 3.—It is known that the rate of loading 
during tension testing of copper wire affects the 
performance of the specimen to a greater or 
lesser extent, depending upon many factors. 
In general, values of tensile strength as deter- 
mined by test are increased and values of 
elongation are reduced with increase of speed of 
the moving head of the testing machine. These 
effects are pronounced when the speed of the 
moving head is excessive in the testing of hard- 
drawn and medium-hard-drawn wires. It is 
suggested that tests on such wire be made = 
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speeds of moving head which, under no-load 
; . conditions, are not greater than 3 in. per min., 
, but in no case at a greater speed than that at 
a which correct readings can be made. 
Norte 4.—“Resistivity” is used in place of 


REPORT OF COMMITTEE B-1 (APPENDIX) 


the values of resistivity prescribed in these 
specifications are as given in Table III, each 
column containing equivalent expressions, at 
20 C. (68 F.). 

Note 5.—The continuity of the pure tin 


“conductivity.” The value of 0.15328 ohm coating on copper wire and not the thickness of 

(meter, gram) at 20 C. (68 F.) is the inter- the coating is essential for the protection of the 

>: national standard for the resistivity of annealed wire against corrosion of certain insulations. 

7 copper, equal to 100 per cent conductivity. Although the thickness of the tin coating on the 

‘This term means that a wire 1 m. in length and same wire varies, the thickness on the various 

weighing 1 g. would have a resistance of 0.15328 sizes of wire applied under similar conditions, - 

TABLE III.—RESISTIVITY VALUES. 

Conductivity at 20 C. (68 F.) | 

cent. 00.00 93.22 92.72 92.51 91.96 

(mile, pound).............. | $75.20 938.85 | 943.92 946.06 951.72 

Ohm (meter, gram).............. 0.15328 0.16443 | 0.16532 0.16569 0.16668 
10.371 11.125 11.185 11.211 11.278 
Ohm (meter, square millimeter) .. 0.017241 0.018495 0.018595 0.018637 0.018748 
Microhm—inch...............+.. 0.67879 0.72816 0.73209 0.73375 0.73814 
Microhms—centimeter........... 1.7241 1.84949 1.85947 1.86369 1.87484 


ohm. This is equivalent to a resistivity value 
of 875.20 ohms (mile, pound) which signifies the 
resistance of a wire 1 mile in length weighing 
1 lb. It is also equivalent, for example, to 
1.7241 microhms per centimeter of length of a 
bar, 1 sq. cm. in cross-section. A complete 
discussion of resistivity is contained in Circular 
No. 31 of the National Bureau of Standards.® 
Because the specific resistance of tin is greater 
than copper and because the relative amount of 
tin is greater on fine wire than on wire of larger 
diameter, the resistivity of tin-coated copper 
wire varies inversely with the diameter. Rela- 

tionships that may be useful in connection with 


4 


> 

rete 


except the very fine sizes, is approximately the 
same. The number of cycles of the continuity 
test should not vary with the diameter of the 
wire. Asa precaution to detect partially coated 
areas, two cycles of the test are specified. 

Note 6.—Mechanical joints made during 
inspection at the request of the purchaser are 
permissible, if agreed upon at the time of 
placing the order. 

Notre 7.—The manufacturer and the pur- 
chaser should agree on package sizes which will 
be sufficiently large and yet not so heavy or 
bulky that the wire may likely be damaged in 

ig 
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Committee B-2 on Non-Ferrous Met- 
als and Alloys held one meeting, on June 
24, 1941, in Chicago, Ill., during the 1941 
annual meeting of the Society. The 
Advisory Committee held two meetings, 
one on the above-mentioned date, and 
the other in New York, N. Y., on Febru- 
ary 11,1942. The Advisory Committee 
approved numerous changes in member- 
ship, discussed matters before the various 
subcommittees, and made the following 
recommendations to the Joint Coordi- 
nating Committee of Committees A-1, 
A-10, B-2, and B-4 which were later ap- 
proved: (a) That specifications for con- 
tact metals, on account of their principal 
use, should be prepared in Committee B- 
4 on Electrical-Heating, Electrical-Re- 
sistance and Electric-Furnace Alloys 
rather than by Subcommittee V on 
Precious Metals and Alloys of Committee 
B-2; (6) That specifications on nickel- 
chromium-iron alloys (such as the several 
Tentative Specifications for Nickel-Chro- 
mium-Iron Alloy B 166, B167, and 
B 168), wherein iron is a minor con- 
stituent, are within the proper scope of 
Subcommittee VII on Refined Nickel 
and High Nickel Alloys of Committee 
B-2 rather than of Committee A-10 on 
Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys, whose scope, as 
stated, is “‘iron-base alloys termed ‘stain- 
less’ or ‘rustless’.” 

The committee also considered the 
proposal that the Standard Specifications 
for Slab Zinc (B 6-37) and for Rolled 
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Zinc (B 69-39) be submitted to the 
American Standards Association for ap- 
proval as American standard. The 
chairman of Subcommittee IV on Refined 
Zinc and Wrought Zinc, E. H. Bunce, 
reported that he had discussed the matter 
with several technical men in the zinc in- 
dustry and he concurred in their general 
feeling that no revision of these standards 
is contemplated and that they could 
properly be recommended to the A.S.A. 
Subsequent to the 1941 annual meet- 
ing, Committee B-2 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


New Tentative Specifications for: 


Nickel Rods and Bars (B 160 - 41 T), 

Nickel Cold-Drawn Pipe and Tubing (B 161 - 
41 T), 

Nickel Plate, Sheet, and Strip (B 162 - 41 T), 

Nickel, Nickel-Copper Alloy, and Nickel- 
Chromium-Iron Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 163 - 41 T), 

Nickel-Copper Alloy Rods and Bars (B 164 - 
41 T), 

Nickel-Copper Alloy Cold-Drawn Pipe and 
Tubing (B 165 - 41 T), 

Nickel-Chromium-Iron Alloy Rods and Bars 
(B 166 - 41 T), 

Nickel-Chromium-Iron Alloy Cold-Drawn Pipe 
and caning (B 167 - 41 T), 


Nickel-Copper Alloy Plate, Sheet, and Strip 
(B 127 - 39 T), and 
Electrolytic Cathode Copper (B 115 - 38 T). 
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were ac- 
cepted’ by Committee E-10 on August 
25, 1941, and the new tentative specifi- 
cations were assigned the A.S.T.M. 
serial designations indicated above. The 
new and revised tentative standards ap- 
pear in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part I. 

Committee B-2 also submitted to 
Committee E-10 the following three ad- 
ditional recommendations which were 


accepted! on January 17,1942: 
New Tentative Specifications for: 


Oxygen-Free Electrolytic Copper Wire Bars, 
Billets, and Cakes, 


Tentative Revision of Standard Specifications 
for: 

Lake Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars (B 4 — 27), and 

Electrolytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (B 5 -— 27). 


The new tentative specifications have 
been issued as a separate reprint bearing 
the designation B 170-42 T. The ten- 
tative revisions of Standard Specifica- 
tions B 4and B 5 appeared in the ASTM 
BuLtetIin No. 114, January, 1942, p. 35. 


I. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends, as pro- 
posed by Subcommittee VIII on Miscel- 
laneous Refined Metals and Alloys, that 
the Tentative Specifications for Phosphor 
Tin (B 51 — 38 T)* be approved, without 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee B-2 reported the following 
results of the letter ballot vote of a total of 97 ballots 
returned from a committee membership of 117: B 160 
affirmative 47, negative 0, ballots marked ‘‘not voting’ 
50; B 161 and B 162, tive 46, negative 0, ballots 
marked ‘‘not voting” 51; B 163, affirmative 49, negative 0, 
ballots marked “not voting” 48; B 164, affirmative 48, 
negative 0, ballots marked “not voting” 49; B 165, affirma- 
tive 46, negative 0, ballots marked “‘not vo ” 51; B 166, 
affirmative 47, negative 0, ballots marked “‘not voting”’ 
50; B 167, affirmative 45, negative 0, ballots marked “not 
voting” 52; B 168, affirmative 46, negative 0,ballots 
marked “‘not voting’’ 51; B 127, affirmative 47, negative 0, 
ballots marked “‘not voting’’ 50; B 115, 62 ballots returned, 
affirmative 45, negative 0, ballots marked “‘not voting’ 
17; B 170, 80 ballots returned, affirmative 58, negative 1, 
ballots marked “not voting” 21; B 4 and B 5, 72 ballots 
returned, affirmative 50, negative 0, ballots marked “not 
voting’”’ 22. 

2 1939 Book of A.S.T.M. Standards, Part I, p. 1143. 
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revision, for reference to letter ballot of 
the Society for adoption as standard. 


II. ApopTion AS STANDARD OF TENTA- 
TIVE REVISIONS OF STANDARDS 


The committee recommends that the 
tentative revisions’ of the Standard 
Specifications for Lake Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and 
Ingot Bars (B 4-27) and for Electro- 
lytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (B 5 - 27) 
be approved without change for reference 
to letter ballot of the Society for adop- 
tion as standard. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
115 members; 73 members returned 
their ballots with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirm- | Nega- | Marked 


Items ative tive exten 


I. Apoption or TENTATIVE 
STANDARD AS STANDARD 
Spec. for Phosphor Tin (B 51 - 

II. Apoption as STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 
Spec. for Lake Copper Wire 
ee Cakes, Slabs, Billets, 

Ingots, and Ingot Bars 
(B 27). 57 0 16 

pec. for Electrolytic Copper 

Wire Bars, Cakes, Slabs, 

Billets, Ingots, and Ingot 

Bars (B 5 - 27).............: 0 16 


Emergency Specifications for Fire- 
Refined Copper for Wrought Products 
and Alloys prepared by the committee 
were accepted by Committee E-10 on 
Standards on June 13, 1942, under 
the emergency procedure, and pub- 
lished under the designation ES-7.4 


* Published in ASTM Bottetin, No. 114, January, 


1942, p. 35 
‘These emergency specifications appear in the 1942 
Book of A.S.T.M. Standards, Part I, p 957. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Refined Copper (J. 
L. Christie, chairman) on June 24, 1941, 
reconsidered the action referred to in the 
1941 Report recommending that the 
Tentative Specifications for Electrolytic 
Cathode Copper (B 115-38 T) be ap- 
proved for adoption as standard, and in 
place of that recommendation it decided 
to continue the specifications as tentative 
with a revision to lower the maximum 
allowed resistivity from 0.15436 inter- 
national ohms per meter-gram to a new 
value of 0.15328 international ohms per 
meter-gram. This corresponds to an 
increase in the minimum permissible 
conductivity from 99.3 per cent to 100 
per cent. Also an editorial change was 
made in Section 6 (6) on sampling to re- 
quire that scale and surface dirt shall be 
rejected. 

After favorable letter ballot by Com- 
mittee B-2, these changes were accepted 
by Committee E-10 on August 25, 1941, 
as mentioned earlier in this report. 

Corresponding changes in the resistiv- 
ity values in Standard B 4 — 27 for lake 
copper wire bars and in Standard B 5 - 
27 for electrolytic wire bars were recom- 
mended by the subcommittee for publi- 
cation as tentative. This recommenda- 
tion was approved by letter ballot in 
Committee B-2 and the proposed tenta- 
tive revisions were accepted by Commit- 
tee E-10 on January 17, 1942. 

New Tentative Specifications for Oxy- 
gen-Free Electrolytic Copper Wire Bars, 
Billets, and Cakes, prepared by a special 
subgroup under the leadership of Carter 
S. Cole, were accepted by Committee 
E-10 on January 17, 1942, and issued 
under the designation B 170 — 42 T. 

Information was received that a high 
grade of fire-refined copper trade-named 
“Braden,” formerly shipped from South 
America to England, is now coming into 
the United States, and is acceptable to 


the Ordnance Dias for use in 
cartridge brass and gilding metal (bullet 
jackets). It appeared that emergency 
alternate provisions in the Standard 
Specifications for Fire-Refined Copper 
Other than Lake (B 72 — 33), or possibly 
emergency specifications for this grade of 
copper would be desirable during the 
period of National Emergency, particu- 
larly since it was expected that similar 
copper would shortly be available from 
other sources. A small group was ac- 
cordingly appointed to formulate the 
proposed requirements, but difficulty 
was encountered in defining the desired 
requirements of material that would be 
acceptable both to the producer and the 
U. S. Ordnance Department. Agree- 
ment was eventually secured and the 
specifications have now been approved 
by the following letter ballot vote of the 
subcommittee: From a membership of 
34, 25 members returned their ballots, 
24 of whom have voted affirmatively, 0 
negatively, and 1 member marked his 
ballot “not voting.” Upon approval by 
E. E. Thum, as chairman of Committee 
B-2, these specifications have been re- 
ferred to Committee E-10 on Standards 
for approval under the procedure for 
emergency provisions and standards. 
Subcommittee III on White Metals and 
Alloys (G. H. Clamer, chairman) at a 
meeting in Chicago on June 24, 1941, 
gave consideration to the table of impuri- 
ties in Section 4 of the Tentative Specifi- 
cations for Soft Solder Metal (B 32 — 40 
T). It was agreed that the stated allow- 
ances for iron, zinc, and aluminum in 
grade A and grade B be revised as soon as 
satisfactory methods for the determina- 
tion of minute amounts can be approved 
by Committee E-3 on Methods of 
Chemical Analysis of Metals. (Messrs. 
Hiers and Behr of the National Lead Co. 
reported that their laboratory has de- 
veloped methods having a degree of 
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accuracy making possible the determina- 
tion of aluminum and zinc content of 
0.0003 per cent if a 10-g. sample is used.) 
It was agreed that paragraph (b) under 
“Scope” shall remain, pending the de- 
velopment of the above referred to 
analytical methods. It was also agreed 
and accepted.by Committee B-2 that the 
word “none” shall apply to zinc and alu- 


| _ minum in grade A for both tin-lead and 
 tin-lead-antimony solders; the 


word 
“none” to be followed by a mark refer- 


ring to a footnote as follows: “‘The term 


‘none’ as applied to aluminum and zinc 
allowances is defined as 0.0003 per cent 
when determined on a 10-g. sample.” 

At meetings held in Cleveland on 
March 4 and in New York on April 1, 
1942, emergency alternate provisions in 
Specifications B 32 which show the typi- 
cal tin-lead alloy compositions (and their 
melting ranges) containing less than the 
30 per cent tin permissible by govern- 
mental regulations, and include in addi- 
tion eight commercial alloys of tin-lead- 
bismuth or tin-lead-silver which conform 
to these limits were approved. These 
were accepted by the Society on April 6, 
1942, and published in the form of a pink 
sticker (EA-—B 32) for attachment to 
Tentative Specifications B 32 — 40 T. 

A footnote in the emergency alternate 
provisions indicates that all these alter- 
nate solders are hand or dipping solders 
and that none can be used for making 
wiped joints. However, very recently, 
it has been found that the following two 
alloys have been used with some success 
as wiping solders: 

Alloy A Alloy B 


Bismuth, per cent.......... 15 
Antimony, per cent......... 1.8 
Arsenic, max., per cent...... 0.1 


The Standard Specifications for White 
Metal Bearing Alloys (Known Commer- 


cially as “Babbitt Metal’) (B 23 - 26) 
have been under discussion for over a 
year. At the June 24, 1941, meeting, 
agreement was reached in principle, but 
specific consideration of what would be 
desirable for a peace-time economy has 
been complicated by the urgent require- 
ments to economize on the strategic 
metal tin, whereby a 12 per cent limita- 
tion is obligatory, thus making alloy 
grades 1 to 6 inclusive of Standard B 23 
-—26 unprocurable except by special 
allocation. At a meeting held in Cleve- 
land on March 4, 1942, it was decided 
that data concerning the chemical com- 
position and reported physical properties 
of several commercial “‘babbitts” low in 
tin be collected and issued as Emergency 
Alternate Provisions. These were ac- 
cepted by the Society on April 6, 1942, 
and published in the form of a pink 
sticker (EA-B 23) for attachment to 
Standard Specifications B 23 — 26. 

Subcommittee VII on Refined Nickel 
and High Nickel Alloys, Cast and Wrought 
has elected O. B. J. Fraser permanent 
chairman. Nine new specifications pre- 
pared by this subcommittee during the 
previous year were accepted by Com- 
mittee E-10 on August 25, 1941. The 
titles and designations assigned to these 
specifications are given earlier in this 
report. 

Revisions of the Tentative Specifica- 
tions for Nickel-Copper Alloy Plate, 
Sheet and Strip (B 127 — 39 T), noted in 
last year’s report, were also accepted by 
Committee E-10. 

Subcommittee VIII on Miscellaneous 
Refined Metals and Alloys (E. E. Schu- 
macher, chairman) has recommended 
that the Tentative Specifications for 
Phosphor Tin (B 51-38 T) be adopted 
as standard. 

The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


Ve, T 
ter 
sists 
turn 
vote 
| 
| 
‘ 
| 


On Non-FERROUS fiiiiing AND ALLOY 169 
J) This report has been submitted to let- Respectfully submitted on behalf of ay. 
® ter ballot of the committee which con- the committee, Ss 
g; sists of 115 members; 73 members re- E. 
turned their ballots, of whom 68 have E. Swartz, Chairman, 
voted affirmatively and 0 negatively. Secretary. 
oy to the annual, meeting, Committee B-2 recommended changes i 
23 the Emergency Alternate Provisions in Standard Specifications for Babbitt = 
ial Metal (EA — B 23) and in Tentative Specifications for Soft Solder Metal (EA - 4. Ete ie 
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CORROSION OF NON-FERROUS METALS AND ALLOYS 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held a meet- 
ing in Chicago, Ill., on June 24, 1941. 

The committee consists of 74 mem- 
bers, of whom 62 are voting members; 
28 are classified as producers, 24 as con- 
sumers, and 10 as general interest mem- 
bers. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Total Immersion 
Test (A. W. Tracy, chairman).—A sta- 
tistical analysis of the data obtained by 
the cooperating laboratories in the total 
immersion tests on one metal—copper—in 
normal solutions of sulfuric acid, sodium 
chloride, and sodium hydroxide, aerated 
and nonaerated, indicated that agree- 
ment between individual test results at 
any one laboratory was good, but from 
one laboratory to another the test re- 
sults were not under statistical control. 
Further work must be done before a 
proposed standard’ method of test can 
be recommended. 

Subcommittee II on Alternate Immer- 
sion Test (C. M. Sterne, chairman).— 
The chairman has inspected the equip- 
ment for alternate immersion testing 
used at several member laboratories but 
due to pressure of war work no program 
has been formulated. 

Subcommittee III on Spray Test (E. 
H. Dix, Jr., chairman).—Since the Ten- 
tative Method of Salt Spray Testing of 
Non-Ferrous Metals (B 117 - 41 T)! was 
revised last year, several additional sug- 


11941 Sepptement to Book of A.S.T.M. Standards, 


Part I, p. 


gestions regarding this tentative method 
have been received, indicating that an- 
other revision should be considered in 
the near future. Mr. C. E. Heussner 
will take over the chairmanship of sub- 
committee III this year as arranged at 
the March, 1941, meeting. 

Subcommittee V on Statistical Analysis 
and Planning of Corrosion Testing (W. 
E. Campbell, chairman).—This sub- 
committee held a meeting in Washing- 
ton, D. C., on February 4, 1942. It has 
supervised the calculation of statistical 
constants for data from the .10-yr. at- 
mospheric corrosion tests, being carried 
on by Subcommittee VI, and will co- 
operate further in the calculation of data 
from tension test results of specimens 
cut from the 9 by 12-in. plates. 

Statistical control charts of the total 
immersion test data from Subcommittee 
I were prepared and discussed at the 
February meeting. 

The subcommittee aided in the plan- 
ning of galvanic couple corrosion tests 
being carried out by Subcommittee VITI. 

Subcommittee VI on Atmospheric Cor- 
rosion (W. H. Finkeldey, chairman).— 
This subcommittee has under way a 
series of atmospheric corrosion tests on 
24 non-ferrous metals and alloys? which 
have been exposed since 1931 to various 
atmospheres at nine test locations.* 


2 A full description of the metals and alloys included in 
these tests, pix chemical composition, mechanical 
properties and microstructure, appears in the 1932 Report 
of Committee B-3, Proceedings, . Soc. Testing Mats., 
Vol. 32, Part I, p. 214 (1932). 

3 The results of previous tests, made after 1-yr., 3-yr. 
and 6-yr. exposures, are given in "the 1933, 1935, and 1938 
Reports of Committee B-3, Proceedings, Am. Soc. Testing 
Mats., Vol. 33, Part I, p. 234 (1933); Vol. 35, Part I, p. 142 
(1935); Vol. 38, Part i, p. 194 (1938). 
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The subcommittee has removed a group 
of specimens from these test racks after 
an exposure of ten years. Tension tests 
have been completed on the tension 
specimens and a statistical analysis of 
the results made. The 9 by 12-in. 
plates have been weighed by the 
National Bureau of Standards in ac- 
cordance with the procedure followed 
after previous removals. 

The subcommittee held a meeting in 
Washington on February 4, 1942, to 
make a visual inspection of the 9 by 12- 
in. plates. The written reports of the 
various observers covering this inspec- 
tion are now being edited by H. S. 
Rawdon. Kodachrome transparencies 
have been made through the courtesy 
of the Eastman Kodak Co. of a selection 
of 9 by 12-in. plates of the various metals 
to obtain a visual record of typical 
surface conditions. 

It is planned to remove corrosion 
products from the 9 by 12-in. plate 
specimens and reweigh them. The 
plates will then be cut up, formed into 
tension specimens, and tension tests 
made on them in a manner similar to 
the tests made on specimens exposed to 
the atmosphere as tension specimens. 
A statistical analysis of these test re- 
sults will be made as soon as the com- 
plete data are available. 

The work of the special subgroup ap- 
pointed to survey the original plans for 
statistical analysis of the atmospheric 
corrosion data of Subcommittee VI has 
been continued in Subcommittee V. It 
is hoped that this work will have pro- 
gressed far enough on the completion of 
the work associated with the removal of 
the 10-yr. specimens to permit the sub- 
mission of a formal report. 

Subcommittee VII on Weather (F. L. 
LaQue, chairman). This subcommittee 
held an organization meeting on Febru- 
ary 4, 1942, in Washington, D. C., at 


which it was decided to draft a seen i 
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looking towards a more precise: evalua- 
tion of those weather factors which in- 
fluence atmospheric corrosion and a cor- 
relation of such factors with the 
performance of materials under test. 
The ultimate aim would be to extend the 
basis for the intelligent application of 
results of atmospheric corrosion tests,. 
particularly in respect to their use in: 
estimating performance of materials at 
locations other than those at which large 
scale tests are made. 

The activities of this subcommittee 
will be confined in the immediate future 
to the working out of the details of a 
program which can be put into effect 
after the war. 

Mr. E. A. Anderson will serve as vice- 
chairman and Mr. C. H. Sample as 
secretary of this subcommittee. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (L. J. Gorman, 
chairman).—The stainless steel speci- 
mens coupled with other metals for 
galvanic corrosion have been exposed to 
the atmosphere at four test locations, as 
follows: 


Exposure Date 


Wilmington, N.C.......... June 5, 1941 
June 20, 1941 
State College, Pa........... December 5, 1941 
Altoona, Pa............... December 6, 1941 


The exposure of specimens at the La 
Jolla, Calif., test site has been held up 
pending the repair of test racks. 

The stainless steels on test and the 
metals with which they are coupled are: 


Stainless steel, type 304, 18 per cent chro- 
mium, 8 per cent nickel 

Stainless steel, type 316, 18 per cent chro- 
mium, 8 per cent nickel, 2 to 3 per cent 
molybdenum 

Aluminum 2S 43H 

Aluminum alloy 24S-T | 


Aluminum alloy 53S-T a 
Copper, electrolytic, tough pitch © : 
Mild steel 
Lead, 6 per cent antimony 
Zinc, prime western Py 
Mone! metal 
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Committee B-3 by letter ballot ap- 
proved the organization of an Advisory 
Committee on Corrosion to advise with 
and to coordinate the work of the several 
A.S.T.M. committees dealing with cor- 
rosion of metals. 


The present officers of the committee 
have been re-elected for the ensuing 
term of two years. 


This report has. been submitted to 
letter ballot of the committee which 


tw 
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consists of 62 voting members; 49 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


Chairman. 


A. W. Tracy, 
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Committee B-4 on Electrical-Heating, 
Electrical-Resistance, and Electric-Fur- 
nace Alloys held three meetings during 
the year: in Chicago, Ill., on June 23, 
1941, in Washington, D.C., on Septem- 
ber 25 and 26, 1941, and in New York, 
N. Y., on February 12 and 13, 1942. 

The committee is cooperating with the 
Joint A.S.M.E.-A.S.T.M. Research 
Committee on Effect of Temperature on 
the Properties of Metals, the Alloy Cast- 
ing Institute, and Committee A-10 on 
Iron-Chromium, Iron-Chromium-Nickel, 
and Related Alloys in the study of the 
behavior of metals at high temperatures 
and in the preparation of methods of 
testing. 

The committee consists of 56 members, 
of whom 28 are classified as producers, 23 
as consumers, and 5 as general interests. 

The work of Section B of Subcommit- 
tee II on Contact Materials has increased 
so rapidly that the section has been or- 
ganized as a new Subcommittee X, with 
F. E. Carter as chairman and S. G. 
Eskin as secretary. 

A new Subcommittee VI on Editorial 
Review has been appointed, with H. L. 
Curtis as chairman and H. T. Wensel. 

In Subcommittee V on Wrought and 
Cast Alloys for High-Temperature Use a 
new Section on Specifications has been 
appointed, with P. H. Brace as chairman, 
to prepare specifications for alloy bars 
and castings for high-temperature use. 

On the new A.S.T.M. Advisory Com- 
mittee on Corrosion, Dean Harvey has 
been appointed the official representa- 
tive of Committee B-4, with L. L. 
Wyman as alternate. 

The compilation of A.S.T.M. Stand- 


REPORT OF COMMITTEE B-4 
ON 


ELECTRICAL-HEATING, ELECTRICAL-RESISTANCE AND 
ELECTRIC-FURNACE ALLOYS 


ards on Electrical Heating onl Reset 
ance Alloys prepared by Committee B-4 
has been in considerable demand, and 
most of the first edition of 750 copies, 
issued in September, 1941, has been 
disposed of. A new edition will be issued 
this year. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
new proposed Specifications for Round 
Nickel Wire for Lamps and Electronic De- 
vices! be accepted for publication as ten- 
tative. .These specifications are needed 
to specify the quality of the wire used for 
supports for filaments in lamps and elec- 
tronic tubes, and grid rods in tubes. 


II. REvisIons OF TENTATIVE STANDARDS 


The committee recommends that the 
following tentative methods be revised as 
appended hereto’ and continued as ten- 
tative: 

Tentative Methods of Testing: 
Nickel and Nickel-Alloy Wire and Ribbon for 


Electronic Tube Filaments (B 118-39 T), 
and 


Lateral Wire for Grids of Electronic Devices 
(B 156 - 41 T). 


III. ADOPTION oF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that Ten- 
tative Methods of Testing Sleeves and 
Tubing for Radio Tube Cathodes 
(B 128 — 40 T)* be approved for reference 
to letter ballot of the Society for adoption 
as standard. 


1 These specifications were accepted as tentative by 
the Society and appear in the 1942 Book of A.S.T.M. 
Standards, Part I, p. 1433. 

* These revised methods were accepted as tentative by 
the Society and appear in their latest revised form in the 
1942 Book of A.S.T.M. Standards, Part I, pp. 1436 and 
1442, respectively. 

31940 to Book of A.S.T.M. Standards, 
Part I, p. 448. 


cig 
4 
2 
? 
Ths 
a” 
> 
> 
il 
> 
‘N's 
| 
§ 
| 


174. 


IV. REAFFIRMATION OF STANDARDS 


The following methods of test have 
been reviewed and the committee recom- 
mends that they be continued as stand- 
ard without revision: 


Standard Methods of Test for:* 
Resistivity of Metallic Materials (B 63-36), 
Thermoelectric Power of Electrical-Resistance 
Alloys (B 77 — 33), and 
Temperature-Resistance Constants of Alloy 
Wires for Precision Resistors (B 84 — 36). 
The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
56 members, 45 members returned their 
ballots, with the results shown in Table I. 


TABLE I—ANALYSIS OF LETTER BALLOT VOTE. 


Affirma-| 
- ega- 
Items tive tive “Not 
Voting”’ 

I. New TentTATIVE STANDARD 
Spec. for Round Nickel Wire 

for panes and Electronic 

38 0 7 
II. Revision oF TENTATIVE 

STANDARDS 


Test for Nickel and ny 
Alloy Wire and Ribbon for 
Electronic Tube Filaments 
(B 118 - 39 T) a, 48 0 6 

Test for Lateral Wire for Grids 
of Electronic Devices 


Ili. Apoprion oF TENTATIVE 
STANDARD AS STANDARD 


Test for Sleeves and Tubing for 
Radio Tube Cathodes 
39 0 6 


IV. REAFFIRMATION OF 
STANDARDS 


Test for Receieity of Metallic 
Materials (B 63 — 36).. 42 0 3 
Test for Thermoelectric Power 
of Electrical Resistance Al- 
loys (B 77 - 33).. 42 0 3 
Test for Temperature- Re- 
sistance Constants of Alloy 
Wires for Precision nen, 
(B 84 36)...... 42 0 3 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Life Tests (J. W. 
Harsch, chairman. — Interlaboratory 
check life tests on heater wire are being 
made in four laboratories, to check their 
equipment and test procedure. The 
National Bureau of Standards has set up 


41939 Book of A.S.T.M. Standards, Part I, pp. 713, 
726, 716. 
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a life test board to make standard tests. 
They also will carry in stock for sale, a 
small quantity of the 80-per cent nickel, 
20-per cent chromium wire of known life 
for use as a comparison standard. 

Subcommittee II on Electrical Proper- 
ties (P. H. Dike, chairman).—This sub- 
committee has reviewed the Standard 
Tests for Resistivity of Metallic Materi- 
als (B 63 — 36), for Thermoelectric Power 
of Electrical-Resistance Alloys (B77 - 
33), and for Temperature-Resistance 
Constants of Alloy Wires for Precision 
Resistors (B 84 — 36)* and has found that 
no changes are needed in these standards 
at present. 

Subcommitiee V on Wrought and Cast 
Alloys for High Temperature Use (J. W. 
Harsch, chairman).—In connection with 
the study being made by the Office of 
Production Management (now the War 
Production Board) of the percentage of 
nickel needed in heat-resisting alloys for 
the principal high-temperature applica- 
tions, Committee B-4 submitted a report 
with recommendations in July, 1941. 
This report was used in the preparation 
of recommendations submitted to the 
W. P. B. in March, 1942, by a meeting 
called by the Board, attended by furnace 
manufacturers, alloy-casting manufac- 
turers, and petroleum producers, at 
which a number of members of the com- 
mittee were present. 

The subcommittee has continued the 
study of the significant properties and 
methods of test of alloys for use at high 
temperatures (over 1000 F.). Prelimi- 
nary work has been done in the prepara- 
tion of specifications for alloy castings 
of the 24 per cent chromium, 12 per cent 
nickel, balance iron type for structural 
elements, containers, and supports in 
electric furnaces. This work is being 
carried on in cooperation with the Alloy 
Casting Institute, the Joint Committee 
on the Effect of Temperature on the 
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sts. Properties of Metals, and A.S.T.M. 
Committee A-10. 
cel, Proposed Spécifications for Chromium- 


Nickel-Iron Alloy Castings for High- 
Temperature Service are being published 


per in Appendix I as information for com- 
ub- ment. Recent investigations have indi- 
ard cated thata further study of the magnetic 
eri- permeability test is necessary to deter- 
wer mine its scope and limitations as a crite- 
7- | rion primarily of creep strength at high 
nce temperature. This study is being ac- 
ion tively carried on. 
hat Subcommittee VII on Thermostat Met- 
rds als (P. H. Brace, chairman).—The study 
of methods of determining elastic prop- 
ast erties of thermostat metals has been 
W. continued. Data are being obtained on 
vith the bend test as an indication of the 
> of temper of thermostat metal. 
Nar Subcommittee VIII on Metallic Ma- 
> of 


terials for Radio Tubes and Incandescent 
for Lamps (A. L. Chapman, chairman).— 


ica- The new proposed Tentative Specifica- 
ort tions for Round Nickel Wire for Lamps 
41. — and Electronic Devices! mentioned ear- 
tion § lier in this report have been prepared 
the | by this subcommittee. The Tentative 
ting | Methods of Testing Nickel and Nickel- 
1ace Alloy Wire and Ribbon for Electronic 
fac- | Tube Filaments (B 118 - 39 T) and Lat- 


at eral Wire for Grids of Electronic Devices 


om- (B 156-41T) have been revised in 
minor details? in order to remove certain 
the differences between them, and the re- 
and vised methods are being continued as 
righ tentative as proposed earlier in this 
tmi- report. This subcommittee has also 
ara- | Tecommended the adoption as standard 
ings of the Tentative Methods of Testing 
in Sleeves and Tubing for Radio Tube 
Cathodes (B 128 40 
ural | “Subcommittee IX on Methods of Test 
> 1 | for Alloys in Controlled Atmospheres (P. 
omg H. Brace, chairman).—The test work on 
loy penetrating corrosion of resistor alloys 
ittee | in combusted gas atmospheres has been 
the 
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for Effect of Controlled Atmospheres 
Upon Alloys in Electric Furnaces is in- 
cluded as information in Appendix II. 

At the request of Subcommittee V, 
work is being undertaken on the corro- 
sion testing of castings to determine the 
effect of various controlled atmospheres 
upon various grades of heat-resisting 
alloys. 

Subcommitiee X on Contact Materials 
(F. E. Carter, chairman).—The new life 
test machine for testing contact materials 
has been purchased by twelve labora- 
tories and has been in use since Decem- 
ber, 1941. Minor details of construction 
have been improved and calibration tests 
have been made. The machine is giving 
excellent results. A program of testing 
has been prepared for four groups, each 
consisting of three laboratories, compris- 
ing life tests with different values of 
closing force and opening force, and test 
for load-carrying capacity. Tests also 
will be made to determine the effect of 
copper addition to the silver upon the 
life and load-carrying capacity. 

A study is being made of the large 
number of sizes of solid contact rivets 
with a view to the preparation of a much 
smaller list of standard sizes. There 
appears in Appendix III a progress report 
on the standardization of contact rivets. 

An abstract bibliography of articles on 
contact materials is also being prepared. 


The present officers were re-elected for 
the ensuing term of two years. 


This report has been submitted to let- 
ter ballot of the committee which consists 
of 56 members; 45 members returned 
their ballots, all of whom have voted af- 
firmatively. 

Respectfully submitted on behalf of 
the committee, 

DEAN HARVEY, 
Chairman. 
F. E. Basa, 
Secretary. 
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PROPOSED SPECIFICATIONS FOR CHR CHROMIUM-NICKEL-IRON ALLOY 


1. These specifications cover iron- 
base, heat-resisting, alloy castings of 
the 24 per cent chromium, 12 per cent 
nickel type, for temperatures up to 
2000 F. These castings are intended 
for structural elements, containers, and 
supports in electric furnaces and similar 


applications. 


Process 


2. The castings shall be made by the 
electric-furnace process.§ 


Heat Treatment 


3. When specified, the castings shall 
be heat-treated as agreed upon by the 
manufacturer and the purchaser. 


Chemical Composition 
4. The castings shall tes to the 
following requirements as to chemical 


composition : 


Nickel,* per cent.............10.00 to 14.00 
Chromium, per cent........... 23.00 to 28.00 
0.20 to 0.45 
Nitrogen, max., per cent....... 0.20 
Manganese, max., per cent..... ey 
Phosphorus, max., per cent..... 0.05 
Sulfur, max., per cent.......... 0.05 
Silicon, max., per cent......... 1.75 


Total other elements, except iron, 
0.50 


* Commercial nickel usually carries a small amount 
of cobalt, and within the usual limits, cobalt shall be 
counted as nickel. 


CASTINGS FOR HIGH-TEMPERATURE SERVICE! 


_ These are proposed specifications and are published as information bei Lay 
only. Comments are solicited and should be addressed to the American . 
Society for Testing Materials, 260 S. Broad St., 


of more limited scope. 


Ladle Analysis 


5. An analysis of each melt of alloy 
shali be made by the manufacturer to 
determine the percentages of nickel, 
chromium, carbon, nitrogen, manganese, 
and silicon. This analysis shall be 
made on drillings taken not less than 
+ in. beneath the surface of a test ingot 
made during the pouring of the melt. 
The chemical composition thus deter- 
mined shall be reported to the purchaser 
or his representative, and shall conform 
to the requirements specified in in ‘Sec- 


tion 4. wll 


6. An analysis may be made by the 
purchaser from drillings taken from a 
broken tension test specimen or from a 
casting representing each melt. Drill- 
ings for analysis shall be taken not less 
than } in. beneath the surface, except in 
the case of castings which are too thin. 
The chemical composition thus deter- 
mined shall conform to the requirements 
specified in Section 4. 


Tensile Properties After Aging 


7. (a) The specimens shall be heated 
for 24 hr. at 1400 F. and shall be cooled 
in the furnace to a temperature below 
400 F. They shall then be tested at 
room temperature, and shall conform to 
the the following requirements: 
Electrical-Resistance; and Electric-Furnace Alloys. Pub. 


ed as information, June, 1942. 
In view of the many applications for these alloys in 
electric furnace work, consideration is being given to 


covering this field by means of two or more specifications 
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Grade | Grade | Grade 
Al A2 A3 
Tensile'strength, min., psi.....| 80000 | 80000 | 80 000 
Elongation in 2 in., min., 
12 8 4 


(6) The cross-head speed of the testing 
machine shall not exceed 1 in. per min. 


Nore.—A discussion of the purpose of the 
aging test appears in the Appendix. 


AS) 


9 


— — 


(Pour'through head; cover molten head with powdered 
charcoal, coke dust, etc., immediately after pouring, in 
orderjto keep head fluid as long as possible. 


Fic. 1.—Test Block for Tension Test Specimen. 


Magnetic Permeability 


8. When the test specimens are sub- 
jected to a magnetizing force of 200 


oersteds, the magnetic permeability shall 
conform to the following requirements: 


Grade | Grade | Grade 
Al A2 A3 


Magnetic permeability, max...| 1.60 1.35 1.05 


Note.—The magnetic permeability test gives 
an approximate measure of the ferrite content 
and therefore, for the purpose of these specifica- 
tions, the probable creep strength at 1800 F. 
(see Appendix). At the present time, the mag- 
netic permeability test for high-temperature 
alloys is not fully developed. Further work is 
being done in completing some details of pro- 
cedure and in the correlation of physical and 
magnetic properties of these alloys. In the 
meantime, any use of this test in purchase 
specifications should be governed by agreement 
between the manufacturer and the purchaser. 


Test Specimens 


9. (a) The aging test specimens may 
be taken from test coupons separately 


Minimum Radius Recommended 


-in.,but not less than 


Porallel Section 


2" 20.005" Gage Length for 
Elongation after Fracture 


Nore:-The gage length, parallel section, and fillets 
shall be as shown, but the ends may be of any 
shape fo fit the holders of the testing machine 
in such a woy that the lood shall be oxial. 


Fic. 2.—Standard 2-in. Gage Length Tension 
Test Specimen. 


cast, as shown in Fig. 1, during the 
pouring of the melt, or may be taken 
from the castings. A sufficient number 
of test coupons shall be provided by the 
manufacturer for the specified tests. 
In the case of castings for unusual or 
severe service, and if so specified in the 
order, the test coupons shall be attached 
to the castings at a convenient location. 
The test specimens shall be machined 
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to the form and dimensions shown in 
Fig. 2. 

(6) The magnetic permeability test 
specimens shall be taken from test 
coupons or castings similar to those 
used for obtaining the aging test speci- 
mens. The cast or machined specimens 
shall be heated in air to 2000 + 25 F., 
held within this range for 24 hr., and 
then quenched in water. After quench- 
ing, all scale and superficial oxidized 
metal shall be completely removed by 
lightly grinding with a fine-grained wheel 
in order to avoid errors that might arise 
from the presence of magnetic oxides 
formed during heating. The finished 
specimen shall be cylindrical, not less 
than 1 in. in length, and the ratio of 
length to diameter shall be not less than 
4. The maximum diameter shall be not 
greater than the minimum by more than 
5 per cent. 


Magnetic Permeability Test 


10. The magnetic permeability test 
may be made by any method chosen 
by the manufacturer. In case of dis- 
pute, check tests shall be made by any 
method agreed upon by the manufac- 


turer and the purchaser. . 


11. (2) One aging test and one 
permeability test shall be made by the 
manufacturer on material from each 
heat. The results of these tests shall be 
reported to the purchaser or his repre- 
sentative. 

(6) If any aging test specimen shows 
defective machining or develops flaws, 
it may be discarded and another speci- 
men from the same heat substituted. 

(c) If any part of the fracture in any 
aging test specimen is more than in. 
from the center of the gage length, as 
indicated by scribe scratches marked on 
the specimen before testing, another 
specimen shall be substituted. on 


Number of Tests 


Report oF Comarrer B-4 (AppENprx I) 


ree Fak 


Retests 


12. (a2) If the tensile strength or 
elongation fail to conform to the require- 
ments specified in Section 7, two addi- 
tional specimens may be tested, both of 
which shall conform to the requirements 
specified in Section 7. 

(6) If the results of the magnetic 
permeability test do not conform to the 
requirements specified in Section 8, 
three additional specimens may be 
tested. At least two of these shall 
conform to the requirements specified 
in Section 8. 


Workmanship 


13. The castings shall be sound and 
shall conform substantially to the dimen- 
sions on patterns and drawings sub- 
mitted by the purchaser. 

Finish 

14. (a) The castings shall be free 
from blow holes, sand inclusions, or 
other defects which might impair their 
strength or usefulness. 

(b) Repair by Welding.—Defects which 
will not impair the effectiveness of the 
castings may be welded by an approved 
process. The defects shall be cleaned 
out to solid metal before welding and, 
when so required by the inspector, 
the castings shall be submitted to him 
in this condition for his approval. 
Repaired castings shall be heat-treated 
in accordance with the procedure agreed 
upon by the manufacturer and the 
purchaser. 


Inspection 
15. The inspector representing the 


purchaser shall have free entry, at all 
times while work on the contract of the 


purchaser is being performed, to all | 


parts of the manufacturer’s works which 
concern the manufacture of the material 
ordered. The manufacturer shall afford 
the inspector, without charge, all rea- 
sonable facilities to satisfy him that the 
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material is being furnished in accordance _ ture prior to shipment, unless otherwise 
or | With these specifications. All tests (ex- specified, and shall be so conducted as 
ire. § cept check analysis) and inspection not to interfere unnecessarily with the 
jdi- | shall be made at the place of manufac- operation of the works. a 
etic From the following it will be evident that the (b) Grade A2, may be slightly ferritic, that 
the aging test and the magnetic permeability test is, it is not necessarily completely austenitic, 
8, | do not provide data for engineering design but and even if it should be, is not necessarily per- 
be || are used to classify castings as covered by these manently so. 
hall specifications with respect to their probable (c) Grade A3 is fully austenitic as cast and 
relative reactions to prolonged exposure to usual may be expected to remain substantially so in 
ified working temperatures. service in the usual temperature ranges. 
Al. Limiting Creep Stress—The probable (d) The elongation values specified are for 
limiting creep stress values for the three grades “as cast” test specimens after an aging treat- 
of alloys covered by these specifications are ment at the time and temperature stated. The 
and § shown in the following table: elongation for grades Al and A2, especially 
nen- > for grade Al, may drop below that for grade A3 
robable 
we Limiting after a more extended exposure at intermediate 
mt temperatures between 1200 and 1600 F. 
Grade psi. A3. Magnetic Permeability Test.—The pur- 
1000 pose of the magnetic permeability test is to 
1450 provide a measure of the tendency of the alloy 
free 1700 to develop ferrite and therefore low creep 
or The val shown are for strength. The time and temperature for the 
heir 9 cent in 10,000 hr. at 1800 F minimum creeprateoflper conditioning treatment have been chosen in 
the light of experiments as those giving the 
' A2. Aging Test.—The purpose of the aging largest ferritizing effect under reasonable test 
hich J test is to disclose the tendency of the material to _ conditions. 
the | decrease in ductility with time at working The low creep strength associated with the 
ved | temperatures. The following general state- ferritic alloys covered by these specifications 
and ments may be made concerning the different apparently arises from the fact that the ferritic 
phase is much weaker at the higher working 
and (a) Grade Al may be partially ferritic and temperatures than is the austenitic. Experi- 
ctor, | subject to some sigma phase development under mental work also has shown a correlation be- 
him | certain conditions of extended exposure such as tween creep strength and ferrite content as 
wal. | ¢ 1200 to 1600 F. measured by magnetic permeability. 
ated 
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1. This method of test is intended for 
determining the following: 

(a) The action of commercial protec- 
tive atmospheres upon heat-resisting al- 
loys such as are used in industrial 
furnaces for electric-heating elements 
and other parts intended to operate at 
high temperatures, 

(b) The temperature at which attack 
occurs, and 

(c) The effect of stress upon the rate 
of attack. 


Apparatus 


2. The apparatus shall consist of the 
following: 

(a) Electric Furnace.—A vertical elec- 
tric tube furnace with the heating unit 
wound on an alundum tube and so 
distributed as to be capable of maintain- 
ing a temperature of 2000 F. across the 
mid-section of the tube and a smooth 
downward gradient to 1000 F. or less at 
each end. The furnace casing shall be 
made of steel, and shall be made gas 
tight either by welding or by the use of 
gaskets. Special care shall be taken to 
arrange the terminals and other joints 
so that there will be no perceptible leak- 
age under pressures up to 3 in. of water. 


1 This proposed mc thod is under the jurisdiction of the 
A.S.T.M. es B-4 on Electrical-Heating, Electri- 
cal-Resistance, and Electric-Furnace Alloys. Published 
as information, ou une, 1942, 


- PROPOSED METHOD OF TEST FOR EFFECT OF CONTROLLED 

ATMOSPHERES UPON ALLOYS IN ELECTRIC FURNACES! 

= 7 This is a proposed method and is published as information only. orien 
ee Comments are solicited and should be addressed to the American wir 

: Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. ee 
Scope Means shall be provided for introducing 


gas at the top of the tube and exhausting 
it at the bottom. A water leg shall be 
provided to catch any moisture driven 
off during starting up, or when excessive 
moisture is inadvertently introduced 
with the atmosphere. Two closed-end, 
thin-walled, metal protecting tubes shall 
be sealed through the top, one to be used 
for temperature control with the control 
couple tip located at the mid-point of 
the furnace chamber length, and the 
other to be used for exploring the tem- 
perature distribution throughout the 
length of the test chamber. 


Nore.—Details of furnaces that have been 
found suitable are shown in Figs. 1 and 2. 


(6) Gas Flow Meter.—A gas flow meter 
capable of measuring at normal temper- 
ature and pressure, gas flows as low as 
$ cu.ft. per hr. within plus or minus 
10 per cent. 

(c) Control Instrument.—Any standard 
temperature control instrument together 
with thermocouple capable of controlling 
temperature at 2000F. will be satis- 


factory. 


3. (a) The area of exposed surface per 
unit length of the test specimen should 
preferably be large compared with that of 
its cross-section. Pay 0.375 in. in 


Test Specimen 
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width by 0.035 in. in thickness by 25 in. 
in length are satisfactory. The speci- 
mens shall be cleaned before testing to 
remove dirt, grease, or other foreign 
material. There shall be no further 
preparation of the surface except as 
agreed upon by the manufacturer and 
the purchaser. A hole shall be drilled 
in one end of the specimen for mageee- 
ing it in the furnace. z 


Fic. 3.—Method of Suspending Specimens 


for Test. 


(b) Several specimens shall be tested 
at the same time, as shown in Fig. 3. 

(c) Weights may be suspended from 
the specimens to introduce stress. 


Test Atmosphere 


4. The test atmosphere used shall be 
as agreed upon by the manufacturer and 
the purchaser, according to the applica- 
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tion for which the alloy is to be used. 
The composition of a suitable test 
atmosphere is approximately as follows: 


Hydrogen (Hz), percent............ 16 
Carbon Monoxide (CO), per cent. ... 10 
Carbon Dioxide (CO,), per cent... ... 4 
Methane* (CH,), max., per cent..... 1 
Moisture (H,O), per cent........... 1.5 to 2.5 
per 100 cu. ft. 
Nitrogen (N2), per cent............. remainder 


* Also includes hydrocarbon. 


Nore.—This atmosphere may be obtained 
from: 


(a) Burning coke gas with sulfur low 
enough to meet the above analysis 
(530 Btu. per cu. ft.) with a ratio of 
23 parts of air to 1 part of gas, or 

_ (0) Natural gas burned with a ratio of 54 

parts of air to 1 part of gas. 


Procedure 


5. (a) Thoroughly dry out the furnace 
by operating at the test temperature for 
several days, and then pass the gas to be 
tested through the furnace for at least 
24 hr. before removing the power. The 
furnace shall be cooled to 1000 F. or less 
with the gas passing through the furnace. 

(6) Install the specimens to be tested, 
and seal the furnace tight. Adjust the 
gas flow to correspond to a mean linear 
velocity through the tube and over the 
work as calculated for normal tempera- 
ture and pressure of 5 to 7 in. per min. 
In a tube 4 in. in inside diameter, this 
equals 2.16 to 3.03 cu.ft. of gas per hour 
at ‘normal temperature and pressure. 
The temperature of the furnace when 
the specimens are installed shall not 
exceed 1000 F. 

(c) Apply power to the furnace and 
stabilize the temperature of the maxi- 
mum point at 2000 F. avoiding swings 
beyond this. 

(d) Take an exploration curve in check 
thermocouple tube, while maintaining 
constant flow of gas. 

(e) Check the control thermocouple 


daily. 
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(f) Maintain conditions constant for 
approximately 300 hr. 

(g) Remove power and cool furnace 
while uniform gas flow is maintained 
through the tube. 

(h) Inspect the specimens. If there 
has been any attack, it may be shown 
by an enlarged section, or by blisters, or 
possibly by both. Wherever attack oc- 
curs, the attack material is magnetic. 
If the specimen is broken at the point 
of attack, the fracture will appear oxi- 
dized to the depth of the attack, al- 
though a file or saw cut will appear 
bright. The attack usually occurs at or 
near the point on the specimen where 
the temperature during the test was 
1750 F. There is decreasing attack 
above and below this 


Precautions 


6. The rate of gas flow is very im- 
portant as it has been established that 
a flow of 10 cu. ft. per hr. with a tube 4 
in. in diameter will not attack the most 
susceptible alloy. Also, a flow of 0.5 
cu. ft. per hr. under the same condi- 
tions will not cause any attack. It is 
important that sulfur be kept very low 


since appreciable amounts may be the 
cause of misleading conclusions, as the 
sulfur attack may occur at approximate- 
ly 1750 F. The sulfur contained in 
ordinary city gas is usually not suf- 
ficient to cause attack. A dew point of 
60 to 70 F. appears to be satisfactory. 


Report 


7. The report shall include the fol- 

lowing: 

(1) Grade of material, 

(2) Maximum temperature and time 
of exposure, 

(3) Temperature distribution in fur- 
nace, 

(4) Nature of attack (nodular, pene- 
trating, etc.), 

(5) Location of attack with reference 
to temperature scale, 

(6) Extent of region showing increased 
magnetizability, with reference to 
temperature scale, 

(7) Gas analysis, including carbon 
monoxide, etc., 

(8) Load in pounds per square inch, 
if any load is applied in the test, 


and 
(9) Microsection. 
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 aaaaaeaa B-5 on Copper and Copper 
alloys held three meetings during the 
year: in Chicago, IIl., on June 24, 1941; 
in Washington, D. C., on November 6 
and 7, 1941, and in New York, N. Y., on 
January 27, 1942, with an attendance 
at the several sessions ranging from 20 
to 40 members. 

The following additions and changes 
in membership have occurred: 


Chairman, C. H. Greenall—new affiliation: 
Major, Ordnance Department, Frankford 
Arsenal. 

Subcommittee IV—I& S. Bunn replaces L. A. 
Ward, resigned. 

Subcommittee V—H. H. Stout, Jr., replaces 
W. H. Bassett, Jr., resigned. 

Subcommittee VII—C. A. Hill appointed chair- 
man, replacing R. S. Pratt, resigned. 

Subcommittee XII—C. S. Cole, Consultant, 
War Production Board; new personal mem- 
ber, retains Chairmanship. 

Subcommittee XIII—J. E. McGraw, replaces 
R. G. Thompson, resigned. 


New Members: 

D. K. Crampton, representing Kennecott 
Copper Corp. 

R. J. Allen (Worthington Pump and Machinery 
Corp.) 


H. A. Gillan (Eastman Kodak Co.) 

R. A. Frye, additional representative of West- 
inghouse Electric and Manufacturing Co. 

L. A. Wenn, representing International Busi- 
ness Machines Corp. 

H. A. Marchant, representing Chrysler Corp. 

W. P. Eddy, Jr. (Yellow Truck and Coach Mfg. 
Co.) 

R. W. Orr, representing RCA Manufacturing Co. 

E. A. Basilio, consulting member (General Rail- 
way Signal Corp.). 

Curtis Pigott, representing Phelps Dodge Re- 
fining Corp. 


New Representatives: 


H. C. Ashley, replacing L. A. Ward, Chase 
Brass and Copper Co. 
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W. F. Aylard, replacing H. P. Croft, Chase 
Brass and Copper Co. 

David Basch, replacing J. M. Sampson, 
General Electric Co. 

J. T. Jarman, replacing H. J. Stein, Allis- 
Chalmers Mfg. Co. 

C. J. Snyder, replacing W. H. Bassett, Jr., 
Anaconda Wire and Cable Co. 

G. A. Cullen, replacing L. A. Wenn, Inter- 
national Business Machines Corp. 

G. R. Gohn, replacing C. H. Greenall, Bell 
Telephone Laboratories and dropping personal 
membership. 


A. I. Heim, replacing C. S. Cole, Copper and 
Brass Research Assn. 

Major C. H. Greenall, as additional representa- 
tive with Lt. Col. L. S. Fletcher of U. S. 
Army Ordnance Dept., Frankford Arsenal. 


Resigned from the Society: 


C. E. Margerum, U. S. Navy, Bureau of Ord- 
nance 


H. A. Gillan, Eastman Kodak Co. 
J. B. Neiman, Am. Smelting & Refining Co. 


Deceased: 


J. M. Sampson, General Electric Co. 

H. A. Staples, Phelps Dodge Copper Products 
Corp. 

H. J. Stein, Allis-Chalmers Manufacturing Co. 


In accordance with action taken at 
the January 27, 1942, meeting, those 
members who have entered Govern- 
ment service will have their names 
placed on the Inactive List unless they 
specifically request active membership. 
At the present time, this list includes 
the names of W. H. Bassett, Jr., and 
H. P. Croft. 

The committee lost by death, one 
long-standing member, Mr. H. A. Staples 
who gave freely of his time and experi- 
ence to committee affairs for many 
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The committee has also lost 
the service of Messrs. J. M. Sampson 
and H. J. Stein who were valued mem- 
bers of the committee, 

At the present time the committee 
consists of 107 members of which 97 
are voting members; 39 are classified as 
producers, 41 as consumers, and 17 as 
general interest members. 

Subsequent to the annual meeting, 
Committee B-5 presented to the Society 
through Committee E-10 on Standards 
the following recommendations: 


years. 


New Tentative Specifications for: 


Phosphor Bronze Rods, Bars, and Shapes 
(B 139 - 41 T), 
Phosphor Bronze Wire (B 159 - 41 T), and 


Revision of: 


Tentative Specifications for Beryllium-Copper 
Alloy Bars, Rods, Sheet, Strip, and Wire 
(B 120-41 T). 


These recommendations were ac- 
cepted! by Committee E-10 on August 
25, 1941, and the new and revised 
tentative standards assigned the 
A.S.T.M. serial designations indicated 
above, appear in the 1941 Supplement 
to Book of A.S.T.M. Standards, Part I, 
pp. 427, 435, and 475. 

On November 8, 1941, Committee 
E-10 accepted! a tentative revision pro- 
posed by Committee B-5 in the Standard 
Specifications for Phosphor Bronze Sheet 
and Strip (B 103 —- 40) which appears in 
the 1941 Supplement to Book of 
A.S.T.M. Standards, Part I, p. 595. 

On November 28, 1941, Committee 
E-10 accepted! new Tentative Specifica- 
tions for Aluminum Bronze Sheet and 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee B-5 reported the following 
results of the letter ballot vote from a committee member- 
ship of 88: B 139 and B 159, 70 ballots returned, affirmative 
52, negative 0, ballots marked “‘not voting’ 18; B 120, 66 
ballots returned, affirmative 57, negative 1, ballots marked 
“not voting” 8. The following results of the letter ballot 
vote were reported by Committee B-5 from a membership 
of 96: B 103, 56 ballots returned, affirmative 44, negative 0, 
ballots marked “‘not voting”’ 12; B 169, 53 ballots returned 
affirmative 35, negative 3, ballots marked “‘not voting’ 
15; B 171, 61 ballots returned, affirmative 39, negative 0, 
ballots marked “not voting”’ 22. 


for attachment to the specifications to 
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Strip (B 169 - 41 T), submitted by Com- 
mittee B-5, which appear in the special 
compilation of ““A.S.T.M. Standards on 
Copper and Copper Alloys,” 1941, p. 
305, and are also available as a separate 
reprint. 

On April 1, 1942, Committee E-10 
accepted! new Tentative Specifications 
for Copper-Alloy Condenser Tube 
Plates (B171-42T), submitted by 
Committee B-5, which are available as a 
separate reprint. 


EMERGENCY ALTERNATE PROVISIONS 


In the interest of conserving tin and 
also to conserve the use of new copper 
and to permit the use of scrap metal, 
Emergency Alternate Provisions in the 
following specifications were submitted 
by Committee B-5 to Committee E-10 
on Standards: 


Copper-Base Alloys in Ingot Form for Sand 
Castings (B 30-41 T), 

Tin-Bronze and Leaded Tin-Bronze Sand Cast- 
ings (B 143 - 41 T), 

High-Leaded Tin-Bronze Sand 
(B 144-41 T), 

Leaded Red Brass and Leaded Semi Red Brass 
Sand Castings (B 145-41 T), 

Aluminum-Bronze Sand Castings 
41 T), 


Standard Specifications for: 
Castings of the Alloy: Copper 88 per cent, Tin 
8 per cent, Zinc 4 per cent (B 60-41), and 


Composition Brass or Ounce Metal Castings 
(B 62 - 41). 


Castings 


(B 148 - 


These Emergency Alternate Pro- 
visions were accepted by Committee 
E-10 on April 6, 1942. Upon further 
recommendation of Committee B-5, 
additional Emergency Alternate Pro- 
visions in the above specifications were 
approved by Committee E-10 on May 
26, 1942. The alternate provisions ap- 
proved in April as well as those accepted 
in May, have been published as stickers 
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which they apply, under the following 
designations: 


30 
EA-B 143 
EA-B 144 


EA-B 145 


-B 148 
EA-B 60 
EA-B 62 


Committee B-5 has also submitted 
proposed Emergency Alternate Pro- 
visions in the Tentative Specifications 
for Leaded Yellow Brass Sand Castings 
for General Purposes (B 146-41 T) in 
order to make possible the use of yellow 
brass scrap which is available in fairly 
large tonnage from the ingot producers. 
These Emergency Alternate Provisions 
EA-B 146 were accepted by Committee 
E-10 on May 26, 1942, and have been 
published in the form of a sticker for 
attachment to the specifications. 

At several meetings, the use of fire- 
refined copper was discussed with the 
result that Emergency Alternate Pro- 
visions in a number of the specifications 
under the jurisdiction of Committee B-5 
have been approved and are to be pre- 
sented to the Society upon completion 
by Committee B-2 on Non-Ferrous 
Metals and Alloys of the specification 
requirements for this type of copper.’ 


a RECOMMENDATIONS AFFECTING 
STANDARDS 


As a result of the year’s work, the 
committee is recommending revisions 
of eighteen tentative standards, revi- 
sions in seven standards for immediate 
adoption, the adoption as standard of 
two tentative standards and tentative 
revision in one standard, and the with- 
drawal of one standard which has been 
replaced by new tentative specifications. 
The standards and tentative standard 
affected are listed in Table I. The 
recommendations being presented are 
included in detail in Appendix I. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee which consists of 97 


2 See Editorial Note, p. 190. 
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voting members, with the results shown 
in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 


| Bane Marked 
“Not Voting’’ 


Affirmative 
Negative 


I. Revisions or TENTATIVE STANDARDS 
Spec. for Cartridge Brass Sheet, Strip, and 
Disks (B 19- 41 T) 
Spec. for Naval Brass Rods (B 21 - 40 T).. 
Spec. for Copper-Base Alloys in Ingot Form 
for Sand Castings (B 30 - 41 T). : 
Spec. for Seamless Conese ' Tubing, Bright 
Annealed (B 68 - 41 
Spec. for Copper-Base Alloy For 
Bars, and Shapes (B 124 - . 
Spec. for Rods, fon Mages 


on 
w eo 


(B 133 — 40 

Spec. for Brass Wire (B 134 - 41 T) 

Spec. for Miscellaneous Brass 
(B 135 - 40 T) 

Spec. for Phosphor Bronze Bars, Rods, and 
Shapes (B 139 - 41 T). : 

Spec. for Tin-Bronze and Leaded Tin- 
Bronze Sand Castings (B 143 - 41 T)... 

Spec. for High-Leaded Tin-Bronze Sand 
Castings (B 144-41 T).. 

Spec. for Leaded Red Brass and Leaded 
coms Red Brass Sand Castings (B 145 - 
41 T) 

Spec. for Leaded Yellow Brass Sand Cast- 
ings for General Purposes (B 146-41 T).. 

Spec. for High-Strength Yellow Brass and 
High-Strength Leaded Yellow Brass 
Sand Castings (B 147 - 41 T). , 

Spec. for Aluminum-Bronze Sand Castings 
(B 148 - 41 T) : 

Spec. for Leaded Nickel-Brass (Leaded 
Nickel-Silver) and Leaded Nickel-Bronze 
(Leaded Nickel-Silver) Sand Castings 
(B 149 - 41 T).. 

Spec. for Co “Nichel- Zinc Alloy Rods 
and Wire (B 151 - 

Spec a Phosphor » ie Wire (B 159 - 


II. REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 

Spec. for Copper Bars for Locomotive Stay- 
bolts (B 12 - 33) , 

Spec. for Free-Cutting Brass Rod for Use 
in Screw Machines (B 16 - 41; ASA: 
H8-1941) . 

Spec. oP Brass Pipe, Standard Sizes 
(B 43 - 41). 

Spec. for Steam or Valve Bronze Castings 
(B 61 - 41). 

Spec for Copper- om Alloy Rods, Bars, 
and Shapes (B 98 41).. 

Spec. for Copper-Silicon Alloy Wire for 
General Purposes (B 99 - 41 

ae for — Bronze Sheet and Strip 


or TENTATIVE STANDARDS 
AS STANDARD 
Spec. for Copper-Silicon Alloy Plate and 
pec. for Copper and Copper-Allo: 
less Condenser Tubes and Ferrule Stock 
(B 111 - 40 T) 
IV. ApopTion OF TENTATIVE 
REVISION OF STANDARD 
Bronze Sheet and Strip 
Vv. OF STANDARD 
for Muntz Metal Condenser Tube 
(B 57 = 27) 
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ACTIVITIES OF SUBCOMMITTEES 


Committee B-5 during the past year 
has continued the plan of completing 
new work as far as possible in sub- 
committees or in individual subgroups. 
As a result, better progress than usual 
has been achieved and many details 
have been cleared through Committee 
E-10 on Standards. 

Subcommittee I on Copper-Zinc Sheet 
and Strip (G. H. Harnden, chairman) 
has continued the grain size round- 
robin study. Preliminary work has 
been completed and the data are now 
undergoing statistical analysis. 

The special Subcommittee on Primer 
Brass is continuing the investigation 
but a final decision as to methods of 
testing has not as yet been reached. 
The chairman has presented for the 
consideration of the subcommittees hav- 
ing jurisdiction over sheet and strip 
metal a table giving suggested preferred 
sizes for the purchase of such material. 
The table has been set up on the basis 
of the 20-series of the American Stand- 
ard Preferred Numbers. The sub- 
committee is recommending minor 
changes in two specifications as given 
in Appendix I. 

Subcommittee II on Copper-Tin Sheet 
and Strip (H. V. Schlacks, chairman) 
has cooperated with the main com- 
mittee in preparing several minor 
changes, mostly of an editorial nature, 
in the specifications under its jurisdic- 
tion. Items subject to letter ballot 
have been approved and appear in 
Appendix I. 

Subcommittee III on Copper-Nickel- 
Zinc Sheet and Strip (E. S. Bunn, chair- 
man) has approved revisions in toler- 
ances as recommended by Subcommittee 
XIII and has made slight editorial 
changes in the specifications under its 
jurisdiction. 

Subcommittee IV on Miscellaneous 
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Copper-Base Sheet and Strip Alloys 
(L. A. Ward, chairman) has held special 
meetings on matters pertaining to 
beryllium copper and the copper-silicon 
alloys resulting in a revision of the 
Tentative Specifications for Beryllium- 
Copper Alloy Bars, Rods, Sheet, Strip, 
and Wire (B120-41T) which were 
accepted by Committee E-10 as noted 
earlier in this report. 

New Tentative Specifications for 
Aluminum Bronze Sheet and Strip 
(B 169-41 T) were also approved and 
submitted to the Society for publication 
through Committee E-10. Changes in 
tolerances and other changes, minor in 
character, in other specifications have 
been approved as reported earlier. The 
Tentative Specifications for Copper-Sili- 
con Alloy Plate and Sheet for Pressure 
Vessels (B 96-41 T) are recommended 
for adoption as standard. 

Because of a change in duties, Mr. 
Ward felt it necessary to resign the 
chairmanship late in 1941 but kindly 
carried along the duties of the position 
until the appointment of his successor, 
Mr. E. S. Bunn, on February 17, 1942. 

Subcommittee V on Miscellaneous Cop- 
per-Base Wire and Rod Alloys (W. H. 
Bassett, Jr., chairman) completed the 
new Tentative Specifications for Phos- 
phor Bronze Rod (B 139-41 T) and for 
Phosphor Bronze Wire (B 159-41 T) 
which were accepted by Committee E-10. 
Meetings were held in Washington and 
in New York at which the physical test 
requirements and tolerances in all of the 
specifications under its jurisdiction were 
carefully reviewed. Approved changes 
are given in Appendix I. There is much 
active work on hand, however, most of 
which should be concluded before the 
annual meeting. 

A special subcommittee has been 
named to prepare a new specification 
for bus bar copper in all commercially 
available forms. Another special sub- 
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committee has been named to divide 
the Tentative Specifications for Beryl- 
lium-Copper Alloy (B 120-41 T) into 
two distinct specifications, one for rod 
and wire and the other for sheet and 
strip. Still another special subcom- 
mittee has been named to prepare 
tentative specifications for rods for use 
as valve stems. 

The chairman resigned as of February 
1, 1942, because of his new duties in the 
Ordnance Department, Washington, D. 
C., Mr. H. H. Stout, Jr., who has been 
very active in the affairs of the sub- 
committee was appointed as the new 
chairman. 

Subcommittee VI on Condenser Tubes 
(G. C. Holder, chairman) prepared new 
Tentative Specifications for Copper- 
Alloy Condenser Tube Plates (B 171 - 
42 T) which were accepted by Commit- 
mittee E-10 on Standards on April 1, 
1942. The subcommittee recommends 
the adoption as standard of the Tenta- 
tive Specifications for Copper and Cop- 
per-Alloy Seamless Condenser Tubes 
and Ferrule Stock (B 111-40 T). 

Subcommittee VII on Copper or Deoxi- 
dized Copper Tubes (R. S. Pratt, chair- 
man) has recommended certain revisions 
in the specifications under its jurisdic- 
tion, all of which are given in Appendix 
I. These changes pertain principally 
to the simplification of paragraphs on 
the methods of testing. 

The chairman resigned as of March 
17, 1942, because of the extra burden of 
new duties in the new Bridgeport Brass 
Co. plant at Indianapolis. Mr. C. A. 
Hill, of Mueller Brass Co., who has been 
a very valued member of the sub- 
committee was appointed as the new 
chairman on April 2, 1942. 

Subcommittee VIII on Copper Alloy 
Tubes for General Use (Alan Morris, 
chairman) has recommended changes 
similar to those offered by Subcommittee 
VII relating to the revision and clarifica- 
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tion of sections on methods of test in its 
specifications as given in Appendix I. 

Subcommittee IX on Copper-Base Al- 
loy Forgings (J. J. Kanter, chairman 
has recommended changes in alloy 
composition in the Tentative Specifica- 
tions for Copper-Base Alloy Forging 
Rods, Bars, and Shapes (B 124-41 T) 
as indicated in Appendix I. 

Subcommittee X on Copper-Base Alloys 
or Sand Castings (G. H. Clamer, chair- 
man) considered in detail some 13 items 
included on its agenda for the meeting 
held on November 7 in Washington. 
Matters subject to action by the main 
committee are listed in Table I and 
given in detail in Appendix I. Basis 
of purchase paragraphs and a section 
on certification of composition have 
been inserted in most of the specifica- 
tions for sand castings. One of the 
principal items for discussion was a 
suggestion for the reduction in the 
number of alloys and alloy specifica- 
tions for Government use, particularly 
during the present National Emergency. 
A joint committee has been sponsored 
under the W.P.B. and this is now 
actively engaged on the problem. 

The paper by A. J. Smith and J. W. 
Bolton, on “Effects of Sulfur and 
Antimony on Steam or Valve Bronze 
Castings’® describes important studies 
of bronze castings covered by specifica- 
tions prepared by this subcommittee. 

Because of the illness of the chair- 
man, the meeting to be held in New York 
on January 27, was cancelled. How- 
ever, to assist the chairman, the advisory 
Committee of Committee B-5 requested 
Second Vice-Chairman J. J. Kanter to 
carry on the general program of the 
subcommittee, particularly with regard 
to the development of Emergency 
Specifications for bronze casting alloys 
that would conserve tin. The Specifica- 
tions Branch, Bureau of Industrial 


3 ASTM Bottetin, No. 116, May, 1942, p. 18. 
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Conservation, through C. S. Cole has 
aided in this work which resulted in the 
preparation of Emergency Alternate 
Provisions in eight specifications for 
brass and bronze castings as listed earlier 
in this report. 

Through cooperation with the Ameri- 
can Foundrymen’s Association there are 
in preparation A.F.A. Recommended 
Practice instructions which will embrace 
the new A.S.T.M. specifications for brass 
and bronze castings prepared by this 
subcommittee. The first of these rec- 
ommended practices will cover the tin 
bronze castings. 

Specifications for silicon bronze cast- 
ings are in preparation and it is expected 
that they will be acted on by the sub- 
committee at its June meeting. 

Much interesting information has been 
developed on the subject of test bars and 
test bar practice. Thisdata and informa- 
tion have been compiled by J. J. Curran, 
J. W. Bolton, F. L. Wolf, and W. G. 
Martin and are presented in a report on 
“Studies of Machined versus As-Cast 
Test Specimens for Copper-Alloy Sand 
Castings,” which appears in Appendix II. 

Subcommittee XI on Methods of Test 
for Copper and Copper Alloys (A. J. 
Phillips, chairman) has given special 
attention during the year to methods of 
determining yield strength in copper- 
base alloys under the jurisdiction of 
Committee B-5. In spite of the activity 
of the subcommittee, final decisions 
have not as yet been reached as to the 
preferred procedure. Progress was re- 
ported by the special subcommittee on 
the tension testing of thin strips and by 
another special committee on compres- 
sion testing. 

Subcommittee XII on Publication of 
General Information (C. S. Cole, chair- 
man) concluded its work in editing the 
new compilation of “A.S.T.M. Stand- 
ards on Copper and Copper Alloys,” 

issued in December, 1941. This new 


On CoPpPpER AND CopPpEeR ALLOYS 


volume has within two months taken a 
position among the “required” publica- 
tions of the Society. The volume con- 
tains 73 specifications, including all of 
the specifications under the jurisdiction 
of Committee B-5, also those under 
Committee B-1 on Copper and Copper- 
Alloy Wire for Electrical Conductors, 
several under Committee B-2 on Non- 
Ferrous Metals and Alloys, and all 
pertinent methods of test. The sub- 
committee has also been of great 
assistance in the formulation of “basis 
of purchase” clauses for most of the 
specifications for copper alloy. 

Although the chairman has been 
called to service in Washington with 
the Bureau of Industrial Conservation, 
his continuation in office has been ap- 
proved by the Advisory Committee. 

Subcommittee XIII on Tolerances (R. 
G. Thompson, chairman) has been one 
of the most active subcommittees be- 
cause it is employed in a new and active 
field. It has been of the greatest service 
to all of the other subcommittees and 
has relieved them of much detail and 
duplication of effort in the formulation 
and approval of tolerances. The sub- 
committee has maintained close contact 
with the Standards Committee of the 
Copper and Brass Research Assn. and 
has given to the Association the con- 
sumers’ point of view. J. E. McGraw, 
General Electric Co. has been appointed 
the new chairman in place of R. G. 
Thompson resigned. 

Special Subcommittee on Types of 
Copper (H. H. Stout, Jr., chairman) ‘has 
prepared several drafts of a proposed 
tentative classification of commercial 
coppers. These have been presented 
to the Advisory Committee for com- 
ments and approval for submittal of 
the data to Committee B-2. When 
substantial agreement is reached, the 
proposed classification is to be forwarded 
to Committee B-2 with the request that 
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it develop and publish if possible re- This report has been submitted to 
quirements comparable to those sug- letter ballot of the committee which 
gested by the special subcommittee. consists of 97 voting members; 68 mem- 
When and if the classification for bers returned their ballots, of whom 63 
commercial coppers is published as have voted affirmatively and 0 
tentative under an A.S.T.M. designa- negatively. 

tion, Committee B-5 will then have to 
reconsider all designations for copper 
in existing specifications under its 
jurisdiction. 


Respectfully submitted on behalf of 
the committee, 


C. H. GREENALL, 


The present officers of the committee aputten a hatrman. 


have been re-elected for the ensuing C. H. Davis, att —catpeniraal 


as Subsequent to the annual meeting, Committee B-5 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Revisions of Tentative Specifications for: 
Phosphor Bronze Rods, Bars, and Shapes (B 139 41 T), and 
Phosphor Bronze Wire (B 159 - 41 T). 


ote These recommendations were accepted by Committee E-10 on August 24, 
_- 1942, and the revised tentative specifications appear in the 1942 Book of 
ss S.T-.M. Standards, Part I, pp. 1280 and 1293. 

_ Committee B-5 also submitted to Committee E-10 the following recommenda- 


> 


tions which were accepted on December 11, 1942: 


Revisions of Tentative Specifications for: 
7 Cartridge Brass Sheet, Strip, and Disks (B 19-42 T), 
Bronze Castings for ‘turntables and Movable Bridges and for Bearing and pee Plates of Fixed 
Bridges (B 22 - 40 T), 
Brass Sheet and Strip (B 36 - 41 T), 
Leaded Brass Sheet and Strip (B 121 - 41 T), ia Cyt: 
Copper-Nickel-Zinc Alloy Sheet and Strip 122-39T), 
Copper-Base Allo ods, Bars, and (B 124-42 T), 
Brass e ‘tons Cups (B 129-40 T 
Gilding Metal Sheet and Strip (B 130 - 41 T), a ’ 
uminum-Bronze San ai. 
Aluminum Bronze Sheet and Strip (B 169 - 41 %), and ee —s 
Copper-Alloy Condenser Tube Plates (B 171 - 42 T). 


The revised tentative specifications appear in the 1942 Book of A.S.T.M. 
Standards, Part I, pp. 1216, 1322, 1203, 1210, 1235, 1264, 1222, 1226, 1231, 1312 
1352, 1241, and 1251. 

On December 14, 1942, the following Emergency Alternate Provisions, sub- 
mitted by Committee B-5, were accepted by Committee E-10: 


DESIGNATION 


— 

EA-B 100 

rit EA - B 103 


Emercency ALTERNATE Provisions IN 


er Specifications for: 


Cope Bars for Locomotive Staybolts (B 12 - 42) 

led Copper-Alloy Bearing and Expansion Plates for Bridge and Other 
Structural Uses (B 100 - 40) 

Phosphor Bronze Sheet and Strip (B 103 - 42) 

Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock 
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Stock 


DESIGNATION EMERGENCY ALTERNATE Provisions IN 
Tentative Specifications for: 
EA-B19 Cartridge Brass Sheet, Strip, and Disks (B 19 - 42 T) 
EA -B 22 Boones Castings for Turntables and Movable ro i and for Bearing and 
nsion Plates of Fixed Bridges (B 22 - 
EA - B 36 neal heet and Strip (B 36 —- 42 T) 
EA-B 121 Leaded Brass Sheet and Strip (B 121 - 42 T) 
EA-B 122 Copper-Nickel-Zinc and Copper-Nickel Alloy Sheet and o> g 122 - 42 T) 
EA-B 124 Copper-Base Alloy Forging Rods, Bars, and Shapes (B 124 - 
EA-B 129 Cartridge Brass Cartri ee Case Cups (B 129-42 T 
EA - B 130 Gilding Metal Sheet and Strip (B 130 - 42 T) 
EA -B 131 Gilding Metal Bullet Jacket Cups (B 131 - 42 T) 
- rass Wire (B 134 - 42 ia 
EA - B 135 Miscellaneous Brass Tubes (B 135 — 42 T) 
—EA-B 139 Phosphor Bronze Rods, Bars, and Shapes (B 139 42 T) 
 EA~B 148a Aluminum-Bronze Sand Castings (B 148 42 T) afi 
EA - B 151 Copper-Nickel-Zinc Allo Rod and Wire (B15i-42T) 
159 osphor Bronze ire 1 4 
- B 169 Aluminum Bronze Sheet and Strip (B 169 - 42 T) 
EA -Biivi Copper-Alloy Condenser Tube Plates (B 171 - 42 T) a 
These emergency provisions were published in ASTM Bu ttettn, No. 120, me a 
January, 1943, p. 54, and have also been issued in the form of pink stickers for ey 
attachment to the standards to which they 
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si APPENDIX I 


a RECOMMENDATIONS AFFECTING STANDARDS FOR COPPER 
Qs AND COPPER ALLOYS, CAST AND WROUGHT 4 


In this Appendix are given the recom- Tentative Specifications for Naval Brass 7 
mendations affecting certain standards Rods, Bars, and Shapes (B 21 — 40 T): taal 
and tentative standards covering copper . , 
and copper elloya, cast. end: weeueht, Section 7.—C hange to read as follows per 

- ier .’ by the addition of the italicized words C 
which are referred to earlier in this 
report.' The standards and tentative SA 
standards appear in their present form - Before testing the specimen shall be properly reas 
39 Book cleaned. A 6-in. length of the test specimen, but C 

“*-*** in no case less than two times its diameter, shall fro 

Standards, Part I or the 1940 or 1941 stand, without cracking, an immersion for 15 “6 1 
Supplements, Part I, as indicated by min. in an aqueous mercurous nitrate solution . 
the final number in the A.S.T.M. containing 100 g. of mercurous nitrate and 13 C 
, : ml. of HNO; (sp. gr. 1.42) per liter of solution alle 
designation. (Note). Immediately after removal from the solu- per 
REVISIONS OF TENTATIVE STANDARDS (ion, the specimen shall be wiped free of excess I 

The committee recommends that the "MY ond examined. Il: 
following 18 tentative specifications be New Section.—Add a new Section 10 req 
revised as indicated below and con- on Methods of Testing to read as follows, 
tinued as tentative. renumbering the subsequent sections ‘a 

Tentative Specifications for Cartridge 10. Methods of Testing —Th ; Copy 
. Methods o esting.—IThe properties Al 

road Sheet, Strip, and Disks (B 19 enumerated in these specifications shall be de- Iron 

41 T): termined in accordance with the following _ 

Section 14.—Change the second sen- methods of the American Society for Testing x 

in, 

tence to read as follows by the addition Materials: Tots 

of the italicized word and the omission Test A.S.T.M. Designation* —a 

of the words in brackets: Mercurous Nitrate Test........... B 154 Te: 

The tolerances for sheet and strip [and disks] ( 
shall be those shown in Table V. : @ These designations refer to the following methods of 

esting : ‘ 

Section 16.—In the table of diameter (ASTM Designation: end Metallic 
tolerances, change the values for disks ASTM Detention bis 
over 3 to 6 and over 6 to 8 in. in diam- pat 
eter to read as follows in order that Tentative Specifications for Copper- by 
they will agree with Army Specifica- Base Alloys in Ingot Form for Sand an 
tions 57-173-B: Castings (B 30-41 T’: 

Tolerances, in. Table I.—Omit the uvminal composi- 
Nomina! Diameter, in. Plus Minus ° . 1] 
Over 3 to 6, incl.......... 0.015 0 tion for aluminum bronze alloy 9A and ie 

Over 6 to 8, incl.......... 0.015 0 add the following for alloys 9A-1 and " 
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Nominal 

Composition 
Classification and |Commercial 
Numerical Designation |Designation| .§ | 5 38 
-c 
| 28 | 

< 
Aluminum Grade A... |88.00 |3.00 | 9.00 
Bronze..... 9A-2....|Grade C... |86.00 [3.50 /10.50 


Table IT.—Make the following changes 
in the chemical requirements for alloys 
2A and 5A: 

Change the iron content of alloy 2A 
from “0.15 max.” to read “0.20 max.” 
per cent. 

Change the copper content of alloy 
5A from “79.50 min., 81.50 max.” to 
read ‘78.00 min., 82.00 max.” per cent. 

Change the lead content of alloy 5A 
from “6.50 min., 7.50 max.,” to read 
6.00 min., 8.00 max.” per cent. 

Change the minimum zinc content of 
alloy 5A from “8.50” to read “7.00” 
per cent. 

In place of the requirements in Table 
II for alloy 9A substitute the following 
requirements for alloys 9A-1 and 9A-2: 


Chemical Composition Alloy 9A-1 Alloy 9A-2 
Copper, per cent......... 86.75 to 88.75 | 78.00 to 86.00 
Aluminum, per cent...... 8.50 to 9.50 | 10.30 to 11.20 
Iron, per cent............ 2.75 to 3.25 | 3.00to 3.75 
Nicke »Max.,percent..... ....... 5.00 
Manganese, max., per . 

3.50 
Total other constituents, 

max., per cent......... 0.50 0.50 


Tentative Specifications for Seamless 
Copper Tubing, Bright Annealed 
(B 68-41 T): 


Section 8.—Change the table of ex- 
pansion requirements to read as follows 
by the addition of the italicized figures 
and the omission of those in brackets: 


Expansion of 


Outside Diameter, in Outside Diameter, 
per cent 
40 


Section 12.—Change from its present 
form to read as follows: 


12. Methods of Testing.—The properties enu- 
merated in these specifications shall be deter- 
mined in accordance with the following methods 
of the American Society for Testing Materials: 


Test AS.TM. 


Designation 


Expansion (Pin Test)............. 


® These designations refer to the following methods of 
testing: 
Tentative Methods of Tension Testing of Metallic Ma- 
terials (A.S.T.M. Designation: E 8), 

Tentative Methods of Preparation ‘of Micrographs of 
Metals and Alloys Ae .S.T.M. Designation: E 2), and 
Tentative Meth Test for Expansion (Pin Test) of 
= Copper-Alloy Tubing (A.S.T.M. Designa- 
tion: 4 


Tentative Specifications for Copper- 


Base Alloy Forging Rods, Bars, and 
Shapes (B 124-41 T): 


Table I.—Change the chemical com- 
position requirements for alloys Nos. 2 
and 11 from their present form to read 
as follows: 


Alloy No.2 | Alloy No. 11 
Copper, per cent......... 58.00 to 62.00 | 78.00 to 93.00 
Tin, max., per cent....... 0.60 
Iron, max., per cent...... 0.30 4.00 
Silicon, max., percent...) ....... 2.25% 
Aluminum, percent......| ....... 6.50 to 11.00 
— max., per 
Nickel, 5.50% 
Zinc, per remainder |_..... 
Sum of named elements, 
min., per cent.......... 99.50 99.50 


® When nickel i is present in the alley, the silicon content 
shall not exceed 0.25 per cent; conversely, when silicon is 
es in the alloy, the nickel content shall not exceed 
25 per cent. 
Tentative Specifications for 
per Rods, Bars, and 


(B 133-40T): 


Section 6.—Change the Rockwell hard- 
ness requirements for the hard temper 
to read as follows by the addition of the 
italicized figures and the omission of 
those in brackets: 
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Tentative Specifications for Brass Wire 
(B 134-41 T): 


Section 3.—In order to permit the use 
of electrolytic cathode copper as an 
alternate material add a reference to the 
Tentative Specifications for Electro- 
lytic Cathode Copper (A.S.T.M. Desig- 
nation: B 115) in the table in Paragraph 
(a) of this section. 


Tentative Specifications for Miscel- 
laneous Brass Tubes (B 135-40 T): 


Section 10.—Change the description 
of the mercurous nitrate test to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


10. When specifically required, test speci- 
mens 6 in. in length of both annealed and drawn 
tempers shall, after proper cleaning, withstand 
{without cracking] an immersion for 15 min. in 
an aqueous [mercurous nitrate solution contain- 
ing] solution of mercurous nitrate without cracking. 
Immediately after removal from the solution, the 
specimen shall be wiped free of excess mercury and 
examined for cracks. The mercurous nitrate 
solution shall contain 100 g. of [mercurous nitrate] 
HgNO; and 13 ml. of HNO; (sp. gr. 1.42) per 
liter of solution. 


Section 11.—Change from its present 
form to read as follows: 


11. The properties enumerated in these 
specifications shall be determined in accordance 
with the following methods of the American 
Society for Testing Materials: 


Test A.S.T.M. Designation*® 
Tensile BS 
Rockwell Hardness............... E 18 
Expansion (Pin Test)............. B 153 
Mercurous Nitrate Test........... B154 


@ These designations refer to the following methods of 

testing: 

Tentative Methods of Tension Testing of Metallic Ma- 
terials (A.S.T.M. Designation: E 8), 

Standard Method of Test for Rockwell Hardness of Metal- 
lic Materials (A.S.T.M. Designation: E 18 - 36) and 

Tentative Method of Test for Rockwell Superficial Hard- 
ness of Metallic Materials (A.S.T.M. Designation: 
E 18-39T), 

Tentative Methods of Preparation of Micrographs of 
Metals and Alloys (A.S.T.M. Designation: E 2), 

Tentative Method of Test for Expansion (Pin Test) of 
Copper and Copper-Alloy Tubing (A.S.T.M. Designa- 


tion: B 153), and 


REpoRT oF CoMMITTEE B-5 (APPENDIX I) 


Tentative Specifications for Phosphor 
Bronze Rods, Bars, and Shapes 
(B 139-41 T): 


Section 3—Make the same change in 
these specifications as is recommended 
above in Section 3 of Specifications 
B 134. 


Tentative Specifications for Tin-Bronze 
and Leaded Tin-Bronze Sand Cast- 
ings (B 143-41 T): 


Table II.—Change the chemical com- 
position requirements for alloy 2A to 
read as follows by the addition of the 
italicized figures and the omission of 
those in brackets: 


Alloy 2A 
x. 

Copper, per cent ... .[86.00] 86.50 [89 .00} 
Tin, per cent........ 5.50 6.50 
Lead, per cent....... 1.00 2.00 
Zinc, per cent....... 2.50 5.00 
Nickel, per cent... .. 1.00 
Iron, per cent....... [0.20] 0.25 
Phosphorus, per cent. [0.03] 0.05 
Total other constitu- 

ents, percent..... 0.35 


Table IIT.—Change the requirement 
for elongation in 2 in. for alloy 2A from 
“20” to read “22” min., per cent. 


Tentative Specifications for High- 
Leaded Tin-Bronze Sand Castings 
(B 144-—41T): 


New Section.—Add a new Section 15 
on certification to read as follows, re- 
numbering the subsequent section ac- 
cordingly: 


15. Certification.—In the case of a product 
manufactured in advance and supplied for sale 
from stock by the manufacturer, jobber, or other 
dealer, the product may upon request of the 
purchaser be certified by the manufacturer as 
conforming to these specifications subject to 
the following procedure: Not less than two 
tension tests, from different heats, and not less 
than one chemical analysis shall be made by 


Tentative Method of Mercurous Nitrate Test for Copper 
and Copper Alloys (A.S.T.M. Designation: B 154). 
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the manufacturer from each day’s melt. Rec- 
ords of the tension test results and chemical 
analysis shall be systematically made and main- 
tained and shall be the basis for certification. 
In lieu of the manufacturer’s certification and 
upon written request by the purchaser, these 
records may be examined by the purchaser or 
his accredited representative upon the manu- 
facturer’s premises. 


Tentative Specifications for Leaded Red 
Brass and Leaded Semi Red Brass 
Sand Castings (B 145-41 T): 

The committee recommends that alloy 
5A of these specifications be revised 
as indicated below. The revised compo- 
sitions and tensile requirements corre- 
spond exactly to those of alloy 5X which 
has been published in the Emergency 
Alternate Provisions EA-B for 
use in place of present alloys 4A, 4B, 
and 5A. 

Table II.—Change the chemical com- 
position requirements for alloy 5A to 
read as follows by the addition of the 
italicized figures and the omission of 
those in brackets: 


Copper, per cent. . .[79.00 to 81.75] 78.00 to 82.00 
Tin, per cent...... 2.50 to 3.25 
Lead, per cent..... [6.25 to 7.25] 6.00 to 8.00 


Zinc, per cent ..... [8.00] 7.00 to 10.00 


Nickel, max., per 
per-cent......... 0.02 
Total other constit- 


uents, max., per 


Table ITI re- 
quirements of alloy 5A to read as 
follows by the addition of the italicized 
figures and the omission of those in 
brackets: 


Tensile strength, min., psi. ...... [28 000] 29 000 
Yield strength, min., psi....... . .[12 000] 13 000 
Elongation in 2 in., min., per 

| [15] 18 


2 Issued April 6, 1942; printed as a sticker for attach- 
ment to Tentative ‘Specifications B 145-41 T. | 


Nickel-Brass (Leaded Nickel-Silver) 


Tentative Specifications for Leaded Yel- 
low Brass Sand Castings for General 
Purposes (B 146-41 T): 


New Section.—Add a new Section 15 
on certification to read the same as 
new Section 15 recommended above for 
inclusion in Specifications B 144-41 T. 


Tentative Specifications for High- 
Strength Yellow Brass apd High- 
Strength Leaded Yellow Brass Sand 
Castings (B 147-41 T): 


New Section.—Add a new Section 14 
on certification to read the same as new 
Section 15 recommended above for in- 
clusion in Specifications B 144-41 T. 


Tentative Specifications for Aluminum- 
Bronze Sand Castings (B 148-41 T): 


Tables I and IT.—Omit the require- _ 
ments for alloy 9A from both of these _ 
tables and add the nominal composition —T/ 
and chemical composition requirements — 
for new alloys 9A-1 and 9A-2 in the 
respective tables to read the same as 
new alloys 9A-1 and 9A-2 recommended > 
above for inclusion in TablesIandIlof 
Specifications B 30-41 T. 

New Section.—Add a new Section 14 | 
on certification to read the same as new. 
Section 15 recommended above for in- 
clusion in Specifications B144-41T. 


Leaded | 


Tentative Specifications for 


and Leaded Nickel-Bronze (Leaded 
Nickel-Silver) Sand Castings 
(B 149-41 T): 
New Section —Add a new Section 15 
on certification to read the same as new — 
Section 15 recommended above for in- _ 
clusion in Specifications B 144-41 T. 


Tentative Specifications for Copper- 
Nickel-Zinc Alloy Rod and Wire 
(B 151-41 T): 
Section 3—Make the same change in x7 

these specifications as is recommended 
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above in Section 3 of Specifications 
B 134. 


Tentative Specifications for Phosphor 

Bronze Wire (B 159-41 T): 

Section 3—Make the same change in 
these specifications as is recommended 
above in Section 3 of Specifications 
B 134. 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption, revisions in certain 
specifications, as indicated below, and 
accordingly asks for a nine-tenths af- 
firmative vote at the annual meeting in 
order that these modifications may be 
referred to letter ballot of the Society. 


Standard Specifications for Copper Bars 
for Locomotive Staybolts (B 12-33): 


New Section.—Add a new Section 8 
to read as follows to provide for the in- 
clusion of the methods of tension testing 
in these specifications: 

8. Methods of Testing.—The tensile strength 
shall be determined in accordance with the 
Tentative Methods of Tension Testing of 
Metallic Materials (A.S.T.M. Designation: E 8) 
of the American Society for Testing Materials. 


Standard Specifications for Free-Cutting 
Brass Rod for Use in Screw Machines 
(B 16-41): 

Section 4.—In the table of chemical 
composition requirements, change the 
fourth item to read as follows by the 
addition of the italicized word: 

Materials other than copper, lead, iron, and 

0.50 

New Section—Add a new Section 8 
to read as follows to provide for the 
inclusion of the methods of tension 
testing in these specifications: 

8. Methods of Testing.—The tensile strength 
shall be determined in accordance with the 
Tentative Methods of Tension Testing of 


Metallic Materials (A.S.T.M. Designation: E 8) 
of the American Society for Testing Materials. 
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Standard Specifications for Brass Pipe, 
Standard Sizes (B 43-41): 


Section 8.—Change from its present 
form to read as follows: 


8. Mercurous Nitrate Test.—A test specimen 
6 in. in length shall be taken from each pipe 
selected for test and shall, after proper cleaning, 
withstand an immersion for 15 min. in an 
aqueous solution of mercurous nitrate without 
cracking. Immediately after removal from the 
solution, the specimen shall be wiped free of 
excess mercury and examined for cracks. The 
mercurous nitrate solution shall contain 100 g. 
of HgNO; and 13 ml. of HNO; (sp. gr. 1.42) 
per liter of solution. 


New Section—Add a new Section 11 
on Methods of Testing to read as follows, 
renumbering the subsequent sections 
accordingly: 


11. Methods of Testing.—The properties 
enumerated in these specifications shall be 
determined in accordance with the following 
methods of the American Society for Testing 
Materials: 


A.S.T.M. 
Test Designation® 
Expansion (Pin Test)............. B4153 
Mercurous Nitrate Test........... B 154 


@ These designations refer to the following methods of 
testing: 

Tentative Method of Test for Expansion (Pin Test) of 
Copper and Copper-Alloy Tubing (A.S.T.M. Designa- 
tion: B 153), an 

Tentative Method of Test for Mercurous Nitrate Test for 
sae and Copper Alloys (A.S.T.M. Designation: 

154). 


Standard Specifications for Steam or 
Valve Bronze Castings (B 61 - 41): 


Section 4.—Change the chemical com- 
position requirements to read as follows: 


Min. Max 

Copper; per cent........ 86.50 aah 
5.50 6.50 
Lead, percemt.......... 1.00 2.00 
2.50 5.00 
Nickel, per cent......... ays 1.00 
Tron, per cent........... 0.25 
Phosphorus, per cent... .. 0.05 
Total other constituents, 
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TABLE I.—TENSION AND BEND TEST REQUIREMENTS. 
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Elongation 
Tensile Yield [Point] Bend Test 
Temper Diameter or Distance Between Strength, Streng in 2 in., angle of. 
Parallel Faces | min., psi. min., moat | | bend, deg. 
| 
Types A, C, anp D Attoy Rops [Bars] anp SHAPES 
Quarter-hard............. All forms, all sizes.................. 55 000 24 000 30 120 
Rods: 
Up to %in., incl, 70 000 38 000 20 120 
Over to 1 in., incl.............. 70 000 38 000 25 120 
70,000 38 000 40 130 
{Bars and] Shapes................. b b 
Rods: 
er 1 to 114 in., incl............. 50 2 
Up to % in., incl ie aiad 100 000 55 000 7 60 
Extra-hard®.....csccooss {Over 44 to 1 in., incl.. 100 000 55 000 10 60 
{Over 1 to 1% i in. -, incl 100 000 55 000 14 ~ 
Types A, C, and D Aliay Bars* 
Over 1 to 1% 60 000 are 25 
Over 1% to 3 in., imel................ 50 000 AAS 25 
Type B Attoy Rops, Bars, AND SHAPES 
All Soruns, all 40 000 12 000 35 180 
Rods: 
Up to in., incl. 55 000 20 000 11 180 
Half-hard....... Over to 55 000 20 000 14 180 
55,000 20 000 17 180 
Bars and Shapes. b b b 
Rods: 
xs 65 000 35 000 8 120 
Over 4% to 1 in., | 65.000 35 000 {8} 10 120 
Over 1 to 2 in., 65,000 35 000 {10 120 
Bars and Shapes.............-..-.. b 
(75 000} 
Extra-hard‘|............ | 85 000 55 000 [4] 6 90 
Bolt temper | | Over %tolin., incl.............. 75 000 40 000) 45 000 {6) & 90 
| Over 1 to 134 in., | 75000 | 40.000 (8) 10 90 


® Stress corresponding to 0.5 per cent strain. 


tem 


rs as agreed upon between the man’ 


@ Bats and shapes are not produced in the extra-hard temper. 
4 Rectangular sections having thicknesses less than the width. 


© Physical requirements of types A, C, and D alloy shapes, and type B alloy bars and shapes of the half-hardand hard — 
turer and the purchaser at time of order. 2 


Section 6—Change the words “yield figures and the omission of those in a 
point” to read “yield strength.” b 


rackets. 


Standard Specification for Copper-Sili- 
con Alloy Rods, Bars, and Shapes 
(B 98-41): 


Table II.—Change to read as shown 
in the accompanying Table I by the 
addition of the italicized words and 


New Section.—Add as a new Section 
9 a reference to the methods of tension | 
testing, as follows: 


9. Methods of Testing.—The tensile strength v3 
shall be determined in accordance with the 


Tentative Methods of Tension Testing of 


Metallic Materials (A.S.T.M. Designation: 
E8) of the American Society for Testing © 
Materials. 
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Silicon Alloy Wire 
Purposes (B 99 41): 


for General 


Table II.—For type B alloy wire, 


ments for the annealed temper for all 
diameters from ‘43,000 to 50,000” to 
read “43,000 to 55,000” psi., and for the’ 
_ eighth-hard temper, from “50,000 to 
60,000” to read “50,000 to 65,000” psi. 
New Section.—Add as a new Section 9 
a reference to the methods of tension 
testing to read the same as new Section 9 
recommended above for addition to 
Specifications B 98 — 41. 


bs Standard Specifications for Phosphor 
Bronze Sheet and Strip (B 103 — 40): 


bs Table I.—Change the requirement for 

tin in grade A phosphor bronze from 

3.80 to 5.80” to read “3.50 to 5.80” 
cent. 


ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following two tentative specifications 

be approved without revision for refer- 


we 


ence to the letter ballot of ‘the Society 
for adoption as standard: 


Tentative Specifications for Copper- 
Silicon Alloy Plate and Sheet for 
Pressure Vessels (B 96-41 T), and 

Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 - 
40 T). 


ADOPTION OF TENTATIVE REVISION 
oF STANDARD 


The committee recommends the adop- 
tion of the tentative revision issued in 1941 
in the Standard Specifications for Phos- 
phor Bronze Sheet and Strip (B 103 - 40). 


WITHDRAWAL OF STANDARD 


The committee recommends that the 
Standard Specifications for Muntz Metal 
Condenser Tube Plates (B 57-27) be 
withdrawn, since they have been re- 
placed by the new Tentative Specifica- 
tions for Copper-Alloy Condenser Tube 
Plates (B171-42T) which were ac- 
cepted for publication as tentative by 
Committee E-10 on Standards, March 
27, 1942, and have been issued as a 
separate reprint. 


eral 
spe 
fica 
din 
and 
sha 
dir 
be 
it 
; 
is 1 
thi: 
I 


Ad 


STUDIES OF MACHINED versus AS-CAST TEST SPECIMENS FOR 4 a 
COPPER-BASE ALLOY SAND CASTINGS me 


Report to Subcommittee X on Copper-Base Alloys for Sand Castings 
J. J. Curran,! J. W. Bolton, F. L. Wolf,’ and W. E. Martint 


rn: 
TeNsION Test Bars For Brass AND Bronze CasTINGS 
| URRAN 


Standard specifications vary consid- 
erably with respect to requirements for 
specimens for the tension test. Speci- 
fications for wrought steels specify 
dimensions of the specimen to be used 
and how it shall be cut from the steel 
shape. In the case of cast steels, the 
dimensions to which the specimen is to 
be machined are usually specified, and 
it is assumed that it will be machined 
from a specially cast test coupon, but it 
is not customary to specify closely how 
this coupon shall be cast. 

In the case of cast iron, the specimen 
s sometimes cast to size and shape, in 
accordance with specific directions, and 
is tested without machining the test 
length. Some specifications require the 
test specimen to be machined completely 
from a cast transverse test bar. In the 
case of malleable iron, the specimen is 
cast tosize and tested without machining. 

A.S.T.M. specifications for most cop- 
per-tin-zinc and copper-tin-lead-zinc 
bronzes specify not only that the test 
specimen shall be machined all over, but 


~~ Metallurgist, Walworth Co., Inc., Greens- 

2 Director of Metallurgical Research and Testing, The 
Lunkenheimer Co., Cincinnati, Ohio. 

3 Chief, Graphite Allocation and Conservation, Ma- 
terials Division, Branch K, War Production Board, 
Washington, D. Cc. 

4 Materials Laboratory, Sperry Gyroscope Co., Brook- 
lyn, N. Y. 


APPENDIX II 


likewise indicate how the coupon shall 
be cast, that is, they specify the actual 
dimensions of the coupon and feeding 
head. This practice is also followed in 
Navy and Federal specifications, where 
even the location of the gate is specified. 
It is our opinion, and we will attempt 
to substantiate it, that the present 
A.S.T.M., Navy, and Federal test cou- 
pons are not ideal; therefore, we favor an 
investigation leading to the adoption 
of a new coupon which will approximate 
more closely the ideal, and perhaps also 
which may be tested without machining 
or may be machined at the option of the 
producer. Due to the relatively small 
size of average heats of bronze, the cost 
of a machined test specimen from each 
heat is prohibitive. A specimen which 
could be tested without machining would 
be considerably less expensive and hence 
would permit better coverage of the 
metal cast each day, as well as eliminat- 
ing the delay incident to machining. 
For some years A.S.T.M. specifications 
for brass and bronze castings have re- 
quired that the test specimen be mach- 
ined to size from a coupon cast to shape, 
with a wedge-shaped feeding head joined 
by a web to the coupon proper and run- 
ning its entire length. The coupon so 
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cast is commonly referred to as the A.S.T.M. specifications omit all refer- 
Webbert test bar. ence to the location of the gate. Navy 

Navy and Federal specifications differ and Federal specifications likewise permit 
from those of the A.S.T.M. in that they _ the use of an optional coupon, practically 


‘Fic. 1. —Arrangement of Patterns and Gating for Casting Webbert and Crown Bars with Feeding 


Fic. 2.—Arrangement of Patterns for Casting Webbert and Crown Bars with Feeding Head 
Horizontal, Half in Cope and Half in Drag. 


specify not only most of the important identical with the Webbert test bar, ex- 
dimensions, but also indicate that the cept that the feeding head does not con- 
pattern is to be gated to the bottom of tact the test length of the coupon. This 
the feeding head, just above the web, modified Webbert coupon is known as 
rather than to the the coupon. 
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When a test coupon is thus carefully 
specified as to dimensions, feeding, and 
location of gate, it is reasonable to as- 
sume that the design is the result of long 
experience and careful planning. It isa 
fact, however, that test bars machined 
from either the Webbert or Crown cou- 
pon frequently tend to break in the fillet 
or shoulder, giving low values for elonga- 
tion and sometimes also for tensile 
strength. The reason for shoulder 
breaks is conjectural, but it does indicate 
that the carefully specified coupon and 
feeding head are not ideal by a great 
margin. 

The logical method of casting either 
the Webbert or Crown coupon is with 
the feeding head in the vertical position, 
above the coupon proper. With the 
gate located as specified by Navy and 
Federal specifications it is necessary 
practically that the coupon and web be 
entirely in the drag of the mold with the 
feeding head in the cope, using a dry 
sand core in the drag to shape the web 
and top half of the coupon. 

An alternative method is to mold the 
pattern horizontal on the parting line, 
half in the drag and half in the cope, and 
then turn the mold on edge for pouring, 
in order to have the head over the 
coupon. 

These methods make molding of test 
bars somewhat complicated, and some 
foundries have resorted to the practice 
of casting the coupon with the web and 
feeding head horizontal on the parting 
line, half in the drag and half in the cope. 
Whereas this practice seems illogical, it 
does, strangely enough, frequently give 
better tensile properties than when the 
feeding head is where it should be, above 
the coupon. Even when cast in this 
manner, however, shoulder breaks are 
quite frequent. 

We have heard with interest the claims 
for superiority of one type of coupon 
over the other, and we have run some 
tests in the past which seemed to indicate 
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that when cast with the feeding head 
vertical, the best and most consistent re- 
sults were obtained with the Crown 
type coupon. However, we have always 
wondered at the reasons for the supe- 
riority of the results from the illogical 
horizontal method of casting. We have 
had to conclude that something is 
basically wrong with the design of the 
coupon and feeding head. 

In order to develop some data on the 
question, a plated pattern was made by 
which a Webbert and a Crown coupon 
could be cast in the drag with the heads 
vertical above them, using dry sand 
cores to form the webs and upper halves 
of the test bars. On the same plate were 
mounted patterns for both types of bars 
with the heads horizontal, that is, half 
in the cope and half in the drag. All 
four patterns were gated at the point 
specified in the Navy specifications and 
were connected by small runners to a 
common sprue. The arrangement of 
the patterns and the gating employed are 
shown in Figs. 1 and 2. The sprue itself 
is not shown, as this was cut by hand 
during molding. 

Test bars were cast from this pattern, 
using ten heats of valve bronze conform- 
ing to A.S.T.M. Standard Specifications _ 
for Steam or Valve Bronze Castings 
(B 61-41)§ and Navy Department 
Specification 46B8g for Bronze, Valve 
(Composition M) Castings. The metal 
was melted in commercial units for 
valve and fittings manufacture, from 
uniform charges of ingot and foundry 
returns. The pouring temperatures of 
the heats were varied to determine if — 
pouring temperature was an important 
factor in the behavior of the different 


types of test bars molded in the two _ 


different positions. The chemical com- | 


positions of the test bars as determined a 


by analysis are shown in Table I. 


After being machined to size the speci- ee 


§ 1941 Supplement to Book of A.S.T.M. Standards, Part 
I, pp. 159, 162. 
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mens were broken in the tension test. 
The tensile properties observed are 
shown in Table II, in which the heats 
are arranged in ascending order of 
pouring temperatures. All four bars 
from each heat are grouped together. 
The marks W-V, W-H, C-V, and C-H in 
the third column indicate the type of bar 
and the method of molding as explained 
in the footnote to the table. 

It is unfortunate that only one coupon 
of each type and each method of molding 
was available in this series of tests. Due 
to the fact that a second test bar was not 
available in cases of shoulder breaks and 
flaws, some abnormally low values are 


TABLE I.—CHEMICAL COMPOSITION OF HEATS 
USED IN TEST BAR INVESTIGATION. 


Tin, 


Nickel,| Iron, 
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26 
26 
30 
00 
20 
23 
12 
28 
26 


6. 
6. 
6. 
6. 
6. 
6. 
6. 
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6. 


reported. Normally, a duplicate bar 
could be broken with the chance that 
these values would be improved consider- 
ably. 

In Fig. 3 are compared the tensile 
strength values for the Webbert and 
Crown bars cast by both vertical and 
horizontal methods. In Fig. 4 the 
elongation values are similarly com- 
pared. 


aie 


Study of the tension test results for 
this series of test bars discloses the fol- 
lowing: 

1. Eight out of thirty-eight test speci- 
mens broke in the fillet, outside the gage 
marks. Only one of these shoulder 
breaks occurred in a Crown type bar. 


REPORT OF COMMITTEE B-5 (AppENDIx IT) 


2. The greater number of shoulder 
breaks occurred at low pouring tempera- 
tures, though this might not follow in a 
more comprehensive series of tests. 


TABLE II.—RESULTS OF TENSION TESTS. 


Elon- 


Tensile 
t 
Heat | Poured Strength, | 50mm 
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® W-V, a Webbert bar molded with feeding head verti- 


W-H, a Webbert bar molded with feeding head hori- 
zontal, half in cope and half in drag. : 5 
r C-V, a Crown bar molded with feeding head vertical 
in cope. 
C-H, a Crown bar molded with feeding head horizon- 
tal, half in cope and half in drag. 
Broke in fillet, outside gage marks. 
© Metal cold, did not run. 
Flaw. 
© Bar damaged in machining. 


3. The method of casting, that is, 
vertical versus horizontal, does not ap- 


pear to influence the frequency of 
shoulder breaks. 
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TENSILE STRENGTH,PSI!. 


ELONGATION IN 2 IN., PER CENT 


| 5 
4 
4 
fave 1 2030 F. | W-V.......| 43500 33.0 
W-H.......| 46000 36.0° 

C-V.......| 42 100 37.0 

e 

| 2 2060 F. | W-V......| 37000 20.0° 

W-H.......| 42200 26.0° 
| CYV........ 36.0 
ioe 3 2090F. | W-V.......| 40900 
38750 
-V.......| 36500 
¥z.....-. 43 $00 
per, 
Met | 5 2140 F. | W-V.......| 33250 
cent t W-H...:...| 38400 
7 C-V .......| 38500 Fic. 
C-H.......| 37500 
8 6 2150 F. | W-V.......| 36600 

4........| 8 C-V .......| 38000 
7 2170 F. | W-V.......| 38700 

9........| 87 C-V .......| 33600 
8 2190 F. | W-V.......| 34000 
W-H.......| 38200 

C-V .......] 36500 

CH.......| 38730 

9 2210 F. | W-V.......| 38350 
W-H.......| 38000 
C-H.......| 38000 

10 2220 F. | W-V.......| 36850 
W-H.......| 41700 
C-V.......| 99900 
+ C-H.......| 41400 
| 
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4. There is no evidence to indicate 6. Webbert bars cast horizontally give 
that shoulder breaks are due to faulty generally substantially higher test values 
machining or improper testing, hence, than those cast vertically. The method — 
50,000; 
_ 46,000 
\ \ A 
wo 
WEBBERT BARS CROWN BARS 
°—* CAST VERTICAL CAST VERTICAL 
X—X CAST HORIZONTAL CAST HORIZONTAL 


HEAT NUMBERS 
Fic. 3.—Comparison of Tensile Strength Values for Webbert and Crown Bars Cast by Both Vertical 
and Horizontal Methods. 
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ELONGATION IN 2 IN., PER CENT 


WEBBERT BARS | crown BARS 
10 
ane CAST VERTICAL FLAW o—o cast VERTICAL 
CAST HORIZONTAL o—o CAST HORIZONTAL } 
HEAT NUMBERS 4 
Fic. 4.—Comparison of Elongation Values for Webbert and Crown Bars Cast by Both Vertical and 
Horizontal Methods. 


are probably due to weakness of the of casting seems to have less effect on the 
metal in the fillet area. Crown bars. 

5. From heat to heat, wider variations From these results it is evident that 
in tensile strength and elongation are this type of bar, either Webbert or 
encountered in the Webbert bars than Crown, is subject to weakness in the 
in the Crown bars. Seabee fillet area. This weakness tends to give 
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fictitious values for tensile strength and 
elongation. The cause of this weakness 
is probably improper feeding of the test 


. eye 


FOUNDRY A 
WEBBERT—VERTICAL 
527 TESTS 


FREQUENCY 


4000 


‘Revorr or Comarrer B-S (APPENDIX I) 


45000 50,000 


TENSILE STRENGTH, 


Lie Fic. 5.—Frequency Curves for Tensile Strengths of Webbert Bars Cast by Both Vertical and 
Horizontal Methods. 


tensile properties obtained on this same 
metal in two different foundries, both of 
which used the same foundry methods for 


35,000 


FREQUENCY 
8 


| 


| 


20 30 40 


Me 


bar itself. This conclusion is supported 
by the fact that by casting horizontally, 
so that the feeding head has little or no 
opportunity to function, equally good or 
7 better results can be obtained. 

ae <n statistical study was made of the 


ELONGATION IN 2 IN., PER CENT 
Fic. 6.—Frequency Curves for Elongations of Webbert Bars Cast by Both Vertical and Horizontal! 
thods. 


20 30 40 50 


producing the same type of castings. 
One foundry, however, used the Webbert 
coupon with the head vertical above it, 
and the other cast the coupon with the 
head horizontal on the parting line. 
The data for this study were from a 
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periods elected at random, and represent 
all of the control tests made on this 
particular material in each foundry dur- 
ing that period. 

The frequency curves for tensile 
strength in Fig. 5 indicate a slight super- 
iority in favor of the horizontal method 
of casting. In Fig. 6 it is evident the 
elongation is improved substantially by 
casting the coupon with the head hori- 
zontal. These frequency curves cor- 
roborate statistically the indications of 
the experimental heats previously de- 
scribed. 

The basic purpose in specifying mini- 
mum tensile properties in standard 
specifications for cast metals is to insure 
that the metal at the instant of pouring 
is of good quality, and has nothing what- 
soever to do with the properties which 
may be expected in any and all sections 
of any and all castings — from that 
metal. 

The test coupon, ea one should be a 
practically ideal casting, ideally gated and 


This report presents data showing 
comparisons of the prescribed A.S.T.M. 
test specimen for bronze castings (re- 
ferred to as the A.S.T.M. specimen, Fig. 
7) and a control test bar of The Lunken- 
heimer Co. (referred to as LTB-1 bar, 
Fig. 8). A majority of comparisons are 
presented on the alloy known as steam 
bronze and Navy M metal covered in the 
A.S.T.M. Standard Specifications for 
Steam or Valve Bronze Castings (B 61- 
41)® and the Federal Specification for 
Bronze Castings (QQ-B-691a). Some 
comparisons are also given on the 85-5- 
5-5 alloy covered by the A.S.T.M. 
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CoMPARISON OF A.S.T.M. AND OrHEeR TEST SPECIMENS FOR BRONZE CASTINGS 


By J. W. Botroy? 


fed to eliminate the variables which 
produce the variations in properties 
known to exist in different sections of 
intricate castings. The test specimen 
should show the metal at its best, free 
from the prejudicial effects of inadequate 
design. 

The tests reported here indicate that 
the present A.S.T.M. coupon for bronzes 
does not constitute an approximately 
ideal casting. It would seem in order, 
therefore, that Subcommittee X, of 
Committee B-5, give consideration to a 
new design of coupon which will reflect 
accurately and consistently the true 
quality of the metal at the time of pour- 
ing into the mold. Further, considera- 
tion should be given to the problem of a 
test coupon which can be tested in the 
as-cast condition, as a means of economy 
of time and labor. If possible, the cou- 
pon should be one that could be tested 
as cast or after machining, at the option 
of the producer. 


Brass or Ounce Metal Castings (B 62- 
41),° and also on a silicon brass. Some 
other types of bars are also considered. 


Fic. 7.—A.S.T.M. Test Specimen Coupon. 
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ReEPoRT OF ComMMITTEE B-5 (APPENDIX II) 


In the comparisons described herein 
care was taken to have all conditions 
as alike as possible, the major variable 
then being the gating of the coupon. 

Metal in each case was poured from the 
same ladle into different design coupon 
molds. These molds, made from the 
same green sand, were placed side by side 


tion. An alkaline slag, largely sodium 
carbonate, was employed. The tem- 
perature of the melt in the furnace was 
controlled by pyrometers. The metal 
was poured from the furnaces into pots 
or ladles holding about 200 to 250 lb. 
Pouring temperatures were also controlled 
pyrometrically. 


Fic. 8.—Lunkenheimer Control Bar LTB-1. 


for pouring. Coupons were not removed 
from the molds until 3 hr. or more had 
elapsed. 

The metal used was of regular com- 
mercial quality, from 900-lb. melts, and 
was melted with Orsat gas analysis and 
proportioning burner control of atmos- 
pheres in furnaces of the Lunkenheimer 
open flame design. The burners were 
regulated to give 0.0 to 0.5 per cent 
excess oxygen in the me after combus- 


The B 61 alloy was held rather closely 
to 6.0 per cent tin. An increase of tin 
of about 0.3 per cent would result in 1500 
psi. higher tensile strengths at room 
temperature than are shown. 

The dimensions of the A.S.T.M. speci- 
men Fig. 7, were maintained. Gating 
was through the bottom half at the end 
of the bar. 

The Lunkenheimer control bar, LTB- 
1, is shown in et 8. This isa simple 
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squeezer type casting and the molds can 
be made very rapidly. The use of ball 
gate and adequate risers also is standard 
n our production of critical pressure 
castings. The test bar can be tested 
is cast or after machining the test 
ength. The fixture shown in Fig. 9 is 


Fic. 9.—Self Adjusting Specimen Holders. 


suitable for applying load to the speci- 
men without threading the ends for 
grips. Breaking of the test bar at the 
shoulders does not occur and breakage at 
the gage marks is infrequent. Align- 
ment is good. 

The Federal QQ-M-i51ia bar, Fig. 10 
prescribes ingress gate going into the 
riser, a not too desirable practice with 
green sand molds. 


Comparative Tests, B 61 Alloy: 


Results from some 26 consecutive 
tests are shown in Figs. 11, 12 and 13. 
These figures are self explanatory. The 
Lunkenheimer bar shows higher tensile 
strength, higher elongation, and higher 
yield strength, together with greater 
uniformity in these properties. This is 
evident in both machined and unmach- 
ined LTB-1 bars. It will be noted that 
the advantages are present at both ranges 
of pouring temperature with the excep- 
tion that variation in elongation from 
heat to heat is somewhat greater at lower 
pouring temperature. However, in all 
cases the average and minimum values 


Fic. 10.—Test Bar Prescribed in Fig. 10 of 
Federal Specification QQ-M-151a. 


for all properties are higher for the 
LTB-1 bar as compared to the A.S.T.M. 
specimen. 

The unmachined LTB-1 bars average 
slightly higher in tensile and yield 


LTB-1 bars, and slightly lower in 
ductility. The elongations obtained on 
the A.S.T.M. specimens are particularly 
deficient. 

With the thought that the dimensions 
of web and riser of the A.S.T.M. speci- 
men are wrong, and the principle of riser 
above the casting possibly right, the 
pattern shown in Fig. 14 (LTB-3 bar) 
was used. (This pattern is well suited 


to alloys containing from about 30 to ih, 

i 
70 per cent nickel.) The results on ee 
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strengths as compared to the machined 
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Curve A—LTB-1 bar, unmachined. 
Curve B—LTB-1 bar, machined. 
Curve C—A.S.T.M. specimen. 


Poured at 2150-2190 F. 


Max. Min. 


43600 40000 
.. 41830 42800 40000 


Avg. Variatic 


.. 42 348 


38023 40200 36300 


Poured at 2050-2100 F. 


Avg. Max. Min. 


.... 41976 43000 38400 
.. 41015 43900 37100 


38503 42000 35400 


12345678910 14 
Tests 


16 18 20 22 4 2% 


Fic. 11.—Comparison of Tensile Strength Results on A.S.T.M. B 61 Alloy Determined on LTB-1 
Bars Unmachined and Machined and on A.S.T.M. Specimen. 


Fic. 12.—Comparison of Yield Strength Results on A.S.T.M. 
Bars 


wo nN 


Elongation in 2 in., 


Fic. 13.—Compariso 
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Tests 


Curve A—LTB-1 bar, unmachined. 
Curve B—LTB-1 bar, machined. 
Curve C—A.S.T.M. specimen. 


Poured at 2150-2190 F. 


Max. Min. 


... 18 343 19 000 17 200 
pony 18 200 
.. 17051 18 100 16 500 


Poured at 2050-2100 F. 
Max. Min. Variation 
19 300 17 800 


18 900 
18400 16800 


Avg. Variation 


Avg. 
18 608 
B.... 18 215 
.. 17 597 


Curve A—LTB-1 bar, unmachined. 
Curve B—LTB-1 bar, machined. 
Curve C—A.S.T.M. specimen. 


Poured at 2150-2190 F, 
Min. 
35.5 


35.4 
47.4 19.6 


Poured at 2050-2100 F. 
Max. Min. 


Variation 


Variation 
28.4 
37.5 
25.0 


n of Elongation Results on A.S.T.M. B 61 Alloy Determined on 
Unmachined and Machined and on A.S.T.M. Specimen. rs 
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A.S.T.M. B 61 alloy are shown in Fig. 
15, and it will be noted that the LTB-3 
bar with its heavy over-all riser shows 
slightly lower tensile strength and a little 
greater ductility than the Lunkenheimer 
control bar LTB-1. The data clearly 


others, are cast, more liquid shrinkage 
is involved and an over-all riser often 
is justified. Even in the case of alloys 
with shrinkage characteristics slightly 
higher than tin bronzes, an over-all riser 
may be desirable. For example, a silicon 
brass or bronze (3.5 per cent silicon, 
13 per cent zinc) showed, in compari- 
son tests, much better results for the 
A.S.T.M. specimen than for the LTB-1 
bar. The results of these tests appear in 
Table III. 

There is a principle that should be fol- 
lowed in all specifications for test speci- 
TABLE IIl.—RESULTS OF TENSION TESTS 


SILICON BRASS DETERMINED ON A.S.T.M. 
SPECIMENS AND LTB-1 CONTROL BARS. 


ON 


Tensile | Vie 
Strength, psi. Psi-| oun 
| 
Fig. 8 Fig. 8 Fig. 8 
67 300 | 55 700 | 26 500 | 25 300 | 37.7 | 18.0 
Reape 68 400 | 61 100 | 26 100 | 25 $00 | 37.3 | 25.3 
teat 67 100 | 64800 | 27 800 | 26 200 | 28.3 | 24.2 
67 600 | 59.000 | 26 700 | 25 300 | 36.4 | 20.6 
65 800 | 65 700 | 27 600 | 27 300 | 23.0 | 27.9 
Weer 68 500 | 59800 | 26000 | 25 500 | 40.0 | 24.4 
Rear 65 700 | 63 700 | 26 200 | 26000 | 32.0 | 29.5 
68 700 | 59500 | 26600 | 24500 | 37.1 | 22.1 
epee 68 700 | 67 300 | 27 500 | 27000 | 32.0 | 31.3 
61 100 | 56500 | 25 800 | 25900 | 24.9 | 18.0 
Average | 66 890 61 310 | 26 680 | 25850 | 32.9 | 24.1 


ah 
= 
mi 


Fic. 14.—Lunkenheimer LTB-3 Bar, Cast with 
Riser Vertically Above the Casting. 


indicate that the proportions of the riser 
and the size of the web on the A.S.T.M. 
coupon are wrong for the bronze con- 
sidered. However, the LTB-3 bar has 
many of the disadvantages of high cost 
shared by the A.S.T.M. specimen. 
When high shrinkage alloys, such as 
manganese bronze, nickel alloys, 


mens, as follows: Test bar prescriptions 
should follow sound foundry gating prac- 
tices. There should be different bar pre- 
scriptions for different classes of alloys. 


There is much to be learned from a ae © 


study of test bars. The Lunkenheimer 
Co. consistently works toward promot- 
ing the density of castings by the use of 
deep etch tests, study of microstructure, 
etc. Studies of the effects of casting 
practices on test bars indicate in a 
measurable way the effects of melting, 
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of high strength and ductility has the 
most dense structure, chemical composi- 
tion being constant. An unreliable or 
faulty method of making test bars con- 
fuses the real issue. With the well gated 
bar, if strength drops off, foundry prac- 
tices demand prompt investigation. 
With unreliable gating one does not 
know whether trouble is the result of bad 
metal, or of a faulty test. There is 
objection to bars which, cast under the 
same sand condition as the castings they 


per cent 


a 
c 
§ 


psi. 


Yield Point, 


12345678910 
Tests 


represent, give results known to be low 
due to bad design and not to bad metal. 
Nor do good results on any test bar 
necessarily reflect best properties in the 
castings—even if the castings do pass 
pressure tests. The lessons of the test 
bars must be projected into the produc- 
tion of castings. 

Study of test bars of exceptionally high 
strength, such as 48,000 to 51,000 psi. 
tensile strength, and 55 to 60 per cent 
elongation, which occur once in a while 
over many hundreds of tests, suggest that 
under ideal conditions the potential 
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Tensile Strength, psi. 
Elongation in 2 in., per cent : 


Yield Strength, psi. 


strength of the B 61 alloy is higher than 
is attained in usual practice. Careful 
examination of bars having tensile 
strengths of 44,000 psi. and above shows 
a very high degree of density, as seen 
under the microscope. Conversely, 
when tensile strengths as low as 38,000 
psi. are encountered, microscopic shrink- 
ages can be seen. About 88 per cent of 
the test results are in the range from 
40,000 to 44,500 psi. tensile strength, and 
97 per cent have a tensile strength of 


Curve A—LTB-1 bar 
Curve B—LTB-3 bar 
Curve C—A.S.T.M. specimen 


Min. Variatior 
41800 2500 
42000 1800 
37500 3600 


Avg. 
A.. 43 380 
B.. 42720 
C.. 39840 
A.. 48.86 8.8 
B.. 19.4 

13.4 


1100 
900 
1 100 


{. B 61 Alloy Determined on LTB-1 and 
Specimen. 


38,000 psi. and above, as determined on 
the control bar. With furnace atmos- 
pheres, temperature, and sand under 
strict technical control (as opposed to 
guessing at flames, temperatures, and 
sand conditions), the 3 per cent of the 
tests which showed tensile strengths of 
36,000 up to 37,500 psi. (which always 
are traced back) usually are due to 
carelessness in pouring. 

With 6 per cent tin in the alloy, a 
tensile strength of 42,000 to 42,500 psi. 
is about average. This average is in- 
creased about 1000 psi. for each 0.2 
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per cent additional tin, or say to 44,000 
psi. average tensile strength at 6.4 per 
cent tin. This factor of tin content must 
be watched when attempting compari- 
sons. 


Accelerated Cooling Undesirable: 


It was pointed out recently by W. B. 
George® that “foundries who have had 
the most outstanding results on test bars 


RISERS 15 DIA. 


melting practices. In our research stud- 
ies we have deliberately produced badly 
gassed metals, and invariably porosity 
(incipient shrinkage) that shows upin the 
microstructure is reflected also in low 
tensile strength and poor ductility. 
The test bar should be a measure of the 
potential soundness of the metal as it goes 
tu the molds. A poorly gated and fed 
design, such as the A.S.T.M. coupon 


Fic. 16.—Test Bar Prescribed in Fig. 11A of Federal Specification QQ-M-15la. 


are those who are using dry sand cores 
for molds.” This quite possibly is so, 
but somewhat beclouds the real issue. 
One could go further and cast the metal 
into metal molds or chills and get high 
test results. It has been recognized for 
many years that gassed metal can be 
disguised by any means of extra rapid 
cooling. That is just what is mot wanted 
in test bars; these bars should reflect bad 


ew. George, ‘Some Causes of Porosity Occurring 
in Navy G and Similar Alloys,”” Americat Foundryman, 
Vol. 5, No. 3, seas we. 


Fig. 7, introduces a variable aside from 
metal quality. Any method which pro- 
motes ultra fast cooling also prevents 
measure of the true quality of the metal. 


Results on Federal Test Bars: 


The test bar prescribed in Fig. 11a of 
Federal Specification QQ-M-15la and 
shown in the accompanying Fig. 16 fre- 
quently is used for cast aluminum alloys. 
This is a cast-to-size bar pulled as cast, 


or the gage length skin machined 
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as may be desired. A comparison of 
the results obtained with A.S.T.M. 
alloy B 61 using this Federal test bar, 
Fig. 16, and the LTB-1 bar are shown in 
Table IV. Tests on the LTB-1 bars 
average appreciably higher, and give 
much more uniform results—a spread of 
2700 psi. compared with 4500 psi.. on 
the Federal bar shown in Fig. 16. 
Results on the LTB-1 bar also average 
much higher in ductility than those on 
the Federal bar. 

An objection to the test bars prescribed 
in Figs. 11a and 11b of Federal Specifica- 
tion QQ-M-151ia is the long cylindrical 
TABLE_IV.—RESULTS OF TENSION TESTS ON 


A.S.T.M. B 61 ALLOY DETERMINED ON LTB-1 
CONTROL FEDERAL TEST 


Elongation 
in 2 in., 


Tensile 
Strength, psi. per cent 


Federal | LTB-1 


Federal 
Bar, 
Fig. 16 


= 
| 


Average | 40953 | 42825 


ends. Our experience is that the “but- 
ton” ends, as in the LTB-1 bar, used 
with a suitable test fixture (as Fig. 9) 
give better alignment. Long cylindrical 
ends in V-grips sometimes slip, and mis- 
alignment results. Ordinarily, the ends 
would be threaded before testing, but 
since the Federal bar shown in Fig. 16 
is intended to be pulled without. any 
machining, tests herein reported were 
not threaded or otherwise machined. 


Test on A.S.T.M. B 62 Alloy: 

The 85-5-5-5 alloy covered by the 
A.S.T.M. Standard Specifications for 
Composition Brass or Ounce Metal 


Castings (B 62 - 41)° can be made to give 
good strength values as shown by the 
test results obtained on consecutive 
heats using the LTB-1 control bar which 
are reported in Table V. 

As is shown in Table VI the better 
feeding of the Lunkenheimer contro! 


TABLE V.—CHEMICAL COMPOSITION AND 
RESULTS OF TENSION TESTS ON A.S.T.M. 
B 62 ALLOY (85-5-5-5) DETERMINED ON 
LTB-1 CONTROL BARS. 


Physical Properties 


tion| 


in? in. 
per cent 


Elo 
in 


SESSSESS 
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Tensile Elongation in 2 in., 
Strength, psi. per cent 


@ Broke beyond gage marks. 


bar LTB-1 is productive of higher tensile 
strength and much better ductility. 
Noteworthy is the fact that eight out of 
ten A.S.T.M. bars, Fig. 7, broke beyond 
the gage marks, usually at the shoulder. 


Summary and Conclusions: 


A test bar of bronze should provide a 
means to measure the quality of the 
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Bar, TABLE VI.—RESULTS OF TENSION TESTS ON 
Fig. 16 | Fig. 8 | | ig. 8 A.S.T.M. B 62 ALLOY (85-5-5-5) DETERMINED 
ON A.S.T.M. SPECIMENS AND LTB-1 
| | —_ | | CONTROL BARS. img 
1........| 39300 | 43.000 | 18 300 | 18 800 
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etal entering the molds. To this end 
it should be adequately gated and fed, 
in molds of the same sand as is used for 
the castings. Any devices to accelerate 
the cooling rate of the metal unduly 
(as chills, or possibly cores) should be 
prohibited. It is desired that the in- 
fluence of bad melting practices, lack of 
pyrometry, etc., not be masked. 


6} 


IZ 
6 


Fic. 17.—Test Bar Prescribed in Fig. 10A of 
Federal Specification QQ-M-15la. 


The bar used also should be economical 
to cast, machine, and test. 

The A.S.T.M. specimen, Fig. 7, is 
improperly gated for alloys such as cov- 
ered by A.S.T.M. Specifications B 61 
and B62. It also is uneconomical to 
cast, machine, and test. These objec- 
tions apply also to the Federal test bar 
shown in Fig. 10 (dimensions similar to 
the A.S.T.M. specimen) and quite prob- 
ably to Fig. 10A of Federal Specifica- 
tion QQ-M-151a which appears in 
Fig. 17. 


The test bar shown in Fig. 16 (Federal 
Specification QQ-M-15ia, Fig. 11A) is 
economical but is not too well fed. This 
results in low tensile strength and 
ductility and, especially, considerable 
variation in test results. For purposes: 
of arbitration tests and also for careful 
control work, long cylindrical ends: 
gripped in V-grips are objectionable. 

The Lunkenheimer control bar LTB-f 
combines economical production andi 
testing with an adequate gating and 
riser system, clean well-fed bars being a 
result. It is well suited for arbitration 
test purposes, and also reflects variations 
in foundry practice. This bar is recom- 
mended to Subcommittee X, of Com- 
mittee B-5, for an “arbitration” bar. 
The realistic demands of war indicate 
that it would be desirable to offer this 
bar to the Government authorities for 
Federal Specification QQ-M-151a. 
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ComPARISON oF A.S.T.M. AND O.B. Test Bars © 


By Frep L. 


In Fig. 18 is shown a sketch of the O.B. 
(Ohio Brass Co.) test bar which was 
developed to give sound bars as measured 
by the deep etch test. The ends of the 
bar outside the gage length are the mini- 
mum length which fit the holders of the 
testing machine, and two bars are pro- 
duced from 42 lb. of metal. The mold 
is at about 7 deg. to end 


horizontal. Little machining is needed 
to prepare the specimens. 
Investigation made by the Ohio Brass 
Co. of the tensile properties of cast red 
brass having the nominal composition, 
copper 84 per cent; tin, 3.00 per cent; 
lead, 3.00 per cent; zinc, 10.00 per cent, 
as revealed by test bars of O.B. design, 
and AS.T. shows that the O.B. 
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design gives results more uniformly re- 
presentative of the properties of the 
metal. 


Fic. 18.—O.B. Test Bar Shortened and Re-Gated 
to Produce Sound Specimens As Shown 
By Deep-Etch Test. 


5s aed Tests indicated that the O.B. bar is 
less affected by conditions of temperature 
and fluidity of the molten metal than is 


The data shown in Table VII were 
obtained on tests of a bronze having the 
nominal composition 88 per cent copper, 
8 per cent tin, and 4 per cent zinc, known 
also as modified G bronze. 


TABLE VII.—RESULTS OF 7a TESTS ON 
88-8-4 BRONZE ALLOY 


; 
> Zz < < 
de Machined | A....| 94 | 10 | 43000 | 20000 | 36 
op Machined | B....| 114 | 39 | 40000 | 20000 | 23 
ot As cast A....| 57 48.000 | 21000 | 39 
ia As cast B....| 22 | 7 | 45000 | 23000 | 25 
We. 
ae = The machined test bar was sub- 
cemes stantially the same as Fig. 10A of Fed- 
fSlr}, eral Specification QQ-M-151a, known as 


the Crown bar. The bar tested as cast 
was substantially the same as Fig. 11A 
of Federal Specification QQ-M- 15la, as 
shown in the te ics Fig. 16. 


as 
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the A.S.T.M. specimen as reflected by 
the tensile strength. 


Yield point, psi......... 14 487 14 807 
+ Tensile strength, psi.... 33 820 32 930 
t Elongation in 2 in., per 


One interesting effect was noted. The 
strength of the O.B. test bar does not 
tend to fall off with the decreasing pour- 
ing temperature while that of the 
A.S.T.M. specimen does. This may be 
accounted for by the great tendency of 
the thin gate on the A.S.T.M. coupon to 
freeze at lower temperatures, thereby 
decreasing the effectiveness of the riser. 

Tensile strengths in order of pouring 
were as follows: 


Average Values A.S.T.M. 
ig. ig. 7 
ee (33 435 35 800 
Tensile strength, psi. .{33 275 33 000 
(34 750 33 000 


Data SuBMITTED BY W. E. Martin‘ 


The test results in Table VII show in 
the case of each vendor an advantage for 
the as-cast test bar of about 5000 psi. 
tensile strength and 2 to 3 per cent 
elongation. 

The trend of these data confirm data 
submitted earlier in this report by 
Messrs. J. J. Curran, J. W. Bolton, and 
F. L. Wolf. 

The bars cast to size showed better 
properties than those cast in the ma- 
chined bar. This does not necessarily 
conflict with the data of Bolton, who 
shows that the Fig. 10 (Webbert bar) gave 
better results on a modified alloy than 
did a cast-to-size bar. The area of riser 
ingress quite probably has a marked ef- 
fect. It is just these things that incline 
us to the opinion that no one bar is suited 
for a wide range of alloys. The consid- 
erable saving in time on the unmachined 
bar justifies its use. 
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Committee B-6 on Die-Cast Metals 
and Alloys held two meetings during the 
year: one in Chicago, Ill., on June 24, 
1941, and one in Philadelphia, Pa., on 
January 13, 1942, with an attendance of 
41 and 21, respectively. Certain of the 
subcommittees also held other meetings 
at various times during the year. 

A balance of $52.10 is reported by 
Society headquarters in the fund of 
Committee B-6 as of December 31, 1941. 
However, the committee is actually in 
debt to the extent of $364.20 because a 


bill for $416.30, incurred in the con- 
struction of exposure racks, is still 
unpaid. 


The committee has undertaken to 
raise $2000 to pay this bill and to have 
cash available to cover the expenses 
when the exposure tests come due. The 
special committee appointed to solicit 
the contributions consists of G. O. 
Hiers, chairman, W. M. Peirce, A. E. 
Keskulla, J. C. Fox, and C. R. Ince. 

The following additions and changes 
in membership have been approved: 

M. H. Jameson, Aluminum Co. of America, 
E. I. Valyi, Hydraulic Press Mfg. Co., 

A. F. Waltz, Advance Pressure Castings, Inc., 
H. Lindenberger (deceased), U. S. Reduction 

Co. 

At the present time, the committee 
consists of 66 members, of whom 27 are 
classified as producers, 20 as consumers, 
and 19 as general interest members. 


EMERGENCY ALTERNATE PROVISIONS 


REPORT OF COMMITTEE B- 


DIE-CAST METALS AND ALLOYS 


Emergency Alternate Provisions in the 
following specifications: 


Tentative Specifications for: 
Aluminum-Base Alloy Die Castings (B 85- 

39 T),! and 
Zinc-Base Alloy Die Castings (B 86-41 T).? 

The Emergency Alternate Provision in 
Specifications B 85 provides for a new 
alloy, identified as alloy VIIB, as a sub- 
stitute for the present alloy No. VII, and 
the Emergency Alternate Provisions in 
Specifications B 86 provide a new alloy 
No. XXIV as a substitute for the present 
alloy No. XXIII and a new alloy No. 
XXVI as a substitute for the present 
alloy No. XXV. 

These Emergency Alternate Provisions 
were accepted by Committee E-10 on 
Standards on April 6, 1942, and have 
been published as stickers for attach- 
ment to the specifications to which they 
apply. They have also been published 
in the ASTM Buttetrn, No. 116, 
May, 1942. 

I. ADOPTION OF TENTATIVE 
STANDARD AS STANDARD 


The committee recommends that the 
Tentative Specifications for Aluminum- 
Base Alloy Die Castings (B 85-39 T)! 
be revised as follows and approved for 
reference to letter ballot of the Society 
for adoption as standard: 

Table I.—Replace alloy No. VII by 
new alloys VIIA and VIIB conforming 


In the interest of conserving alumi- 1939 Book of A.S.T-M Standards, Par on 1147. 
num, the committee has recommended part t's. Bok M. 
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to the following requirements as to 
chemical composition. 


Alloy VIIA Alloy VIIB 

Copper, per cent............. 3.5to4.5 3.5 to 4.5 
Silicon, per cent............. 4.5 to 7.5 4.5 to 7.5 
Nickel, max., per cent....... 0.3 3. 
Iron, max., per cent . 1.3 
Zinc, max., per cent......... 1.0 
Manganese, max., percent... 0.5 2. 
Magnesium, max., per cent... 0.10 0.10 2 
Total other impurities, max., + ij 

Any one impurity, max., per 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 66 voting members; 
64 members returned their ballots, of 
whom 33 have voted affiramtively, 5 
negatively, and 26 members marked 
their ballots “‘not voting.’”* 


® The classified vote on the adoption as standard of the 
Tentative Specifications for Aluminum-Base Alloy Die 
Castings (B 85 - 39 T), as revised, was as follows: , Be. 
tive: 16 producers, 10 consumers, 7 general interests; 
negative: 5 producers, 0 consumers, 0 general interests. 


II. TENTATIVE STANDARDS 
CONTINUED AS TENTATIVE 


The committee recommends that the 
following tentative specifications be con- 
tinued as tentative without revision: 


Tentative Specifications for: 

Zinc-Base Alloy Die Castings (B 86-41 T),? 

Magnesium-Base Alloy Die Castings (B 94- 
40 T) and 

Lead- and Tin-Base Alloy Die Castings (B 102 - 
39 


In the case of Specifications B 102, 
action was taken at the June, 1941, 
meeting to submit this recommendation 
to letter ballot of the committee since 
these specifications had been published 
as tentative for a two-year period. This 
resulted in the following favorable vote 
recommending the continuation of these 
specifications as tentative: From a vot- 

_ ing membership of 66, 52 members re- 
_ turned their ballots, of whom 39 voted 
affirmatively, 0 negatively, and 13 mem- 
bers marked their ballots “not voting.” 
21940 Supplement to Book of A.S.T.M. Standards, 


Part I, p. 446. 
4 1939 Book of A.S.T.M. Standards, Part I, p. 1149. 


ComMITTEE B-6 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Aluminum-Base 


Die-Casting Alloys (E. E. Thum, chair- 
man) has under consideration, with Sub- 


committee II on Aluminum Alloy Cast- 
ings of Committee B-7 on Light Metals 
and Alloys, the study of the effects of 
minor alloying elements on aluminum 
alloys. This task will be pursued by a 
review of the literature and through 
questionnaires which are to be sent to 
the manufacturers of die castings. 

The study of an alloy of 8 per cent 
magnesium, balance aluminum has been 
delayed first because of certain patent 
problems and then because of the Na- 
tional Emergency. However, it was 
pointed out that metal is now available 
for scientific and technical research and 
that three manufacturers of die castings 
have volunteered to prepare the test 
bars. Therefore, it was decided to pro- 
ceed with the testing program in the 
near future. 

The Emergency Alternate Provision 
in the Tentative Specifications for Alumi- 
num-Base Alloy Die Castings (B 85- 
39 T), mentioned earlier in this report, 
was proposed by this subcommittee in 
the interest of conserving aluminum 
during the period of National Emergency. 
The subcommittee is proposing the 
addition of new alloys VIIA and VIIB 
as indicated above in Specifications 
B 85. New alloy VIIB is that issued 
as an Emergency Alternate Provision 
as mentioned earlier in the report with 
changes in the zinc, tin, and total im- 
purities content. With the adoption 
of this revision the Emergency Alternate 
Provisions in Specifications B 85 will 
be withdrawn. 

In view of the accepted embrittling 
effect of iron in aluminum die castings, 
Subcommittee I has undertaken the 
determination of some mechanical prop- 
erties for cold-chamber cast alloy VIIB 
in which the iron content will be varied 
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from 0.6 to 2.0 per cent in increments of 
0.2 per cent. 

Subcommittee II on Zinc-Base Die- 
Casting Alloys (C. T. Prendergast, chair- 
man) has recommended the Emergency 
Alternate Provisions in the Tentative 
Specifications for Zinc-Base Alloy Die 
Castings (B86-41T) providing for 
two additional alternate alloys desig- 
nated as alloy No. XXIV and alloy No. 
XXVI, as mentioned earlier in this 
report. 

Subcommitiee III on Tin- and Lead- 
Base Die-Casting Alloys (G. O. Hiers, 
chairman) has been inactive because of 
the scarcity of both lead and tin and due 
to the lack of interest shown in these 
alloys as die-casting materials. 

Subcommittee IV on Physical Tests of 
Die Castings (R. L. Templin, chairman) 
is actively engaged in collecting data on 
the tests now used by the industry in 
determining the general satisfaction of 
lie castings. 

Subcommittee IV has encouraged the 
preparation of a paper entitled “Fatigue 
Testing of Zinc-Base Alloy Die Cast- 
ings” by E. H. Kelton. This paper is 
sponsored by the committee and appears 
as an appendix to this report.® 

Subcommittee V on Exposure and Cor- 
rosion Tests (W. M. Peirce, chairman) 
has not undertaken any new exposure 
tests and none of the bars now in process 
of aging will be returned from the ex- 
posure locations for testing prior to 1944. 

Subcommittee VI on Finishing Proper- 
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Committee B-8 had absorbed the func- 
tions of this subcommittee, the only 
unfinished business consisted of the 
prepraration of a paper covering finishes 
for lead- and tin-base alloys. Inasmuch 
as this paper has not been written and 
present applications of lead and tin die 
castings do not require finishes, this 
project was cancelled. Subcommittee 
VI was formally discharged with thanks 
from the committee for the splendid 
results achieved and for the excellent 
papers sponsored by this subcommittee. 

Subcommitiee VII on Magnesium-Base 
Die-Casting Alloys (J. A. Gann, chair- 
man) still has under consideration a 
proposed revision of the Tentative 
Specifications for Magnesium-Base Alloy 
Die Castings (B 94-—40T) to incorpo- 
rate requirements for a new alloy to be 
known as alloy No. 13X. However, the 
subcommittee has not yet released in- 
formation on this subject to the com- 
mittee for approval. 


The present officers of the committee 
have been re-elected for the ensuing term 
of two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 66 voting members; 55 mem- 
bers returned their ballots, of whom 51 
have voted affirmatively and 0 nega- 
tively. 

Respectfully submitted on behalf of 
the committee, 


J. R. TOWNSEND, 


ties of Die Castings (J. C. Fox, chairman) - Chairman, 
reported that since the organization of 
G.L. WERLEY, 
Secretary. 
EpIToRIAL NoTE 


Subsequent to the annual meeting, Committee B-6 recommended changes in 
the Emergency Alternate Provision in Tentative Specifications for Zinc-Base 
Alloy Die Castings (EA — B 86), referred to in this report, which were accepted 
by Committee E-10 on Standards on October 19, 1942, and on December 31, 
1942. The revised emergency provisions were published in ASTM Bvutte- 
TIN, No. 119, December, 1942, under the designation EA — B 86a, and have been 
issued in the form of a pink sticker for attachment to the specifications. 
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Committee B-6 also submitted to Committee E-10 proposed Specifications for 
Special Grade Zinc-Base Alloy Die Castings, which were accepted by Committee 
E-10 on October 28, 1942, for publication as tentative and assigned the desig- 
nation B 186-42 T. The new tentative specifications appear in the 1942 Book 
of A.S.T.M. Standards, Part I, p. 1428. 

On November 27, 1942, Committee E-10 accepted the proposed Specifications 
for Copper Base (Brass) Alloy Die Castings, submitted by Committee B-6, for 
publication as tentative. The new tentative specifications have been assigned 
the designation B 176 - 42 T and appear in the 1942 Book of A.S.T.M. Stand- 


ards, Part I, p. 1431. 
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OF COMMITTEE B-7 


ON 


LIGHT METALS AND ALLOYS, CAST AND WROUGHT _ 


Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, has held but 
one meeting during the past year, in 
Chicago, Il., on June 23, 1941. 

Several changes in membership have 
een made during the year including the 
loss of several members and the addition 
of several others. We record with re- 
gret among these changes, the loss, 
through death, of Henry Lindenberger, 
U. S. Reduction Co., East Chicago, Ind. 
The membership of the committee now 
totals 48, of whom 22 are classified as 
producers, 17 as consumers, and 9 as 
general interest members. 

As expected under present conditions, 
committee activity has been slowed 
down materially as a result of the pres- 
sure on its membership due to the War 
Emergency. A demand for relaxed 
limits to permit the use of a maximum 
amount of secondary and lower grade 
materials has developed. In this con- 
nection Committee B-7 is recommending 
certain changes at this time in several 
of its specifications. As soon as this 
situation is more fully defined, addi- 
tional recommendations as may be re- 
quired will be proposed as Emergency 
Alternate Provisions. 

Committee B-7 has devised a code 
system for the classification and desig- 
nation of the aluminum-base alloys. 
The basis of this code system is as fol- 


1. One or two letters will be used to Aili 
the major alloying elements. If there is but one 
major alloying element, only one letter will be 
used. If there are two major alloying elements 
present, two letters will be used, the first letter 
designating that element present in the larger 
amount. 

2. Numbers will be used following the letters 
which further define the number of alloying 
elements. If this number is below 20, it will 
indicate that only those elements designated by 
the code letters are present in the alloy. If this 
number is between 20 and 40, it will indicate 
that there is one alloying element present other 
than those indicated by the code letters. If the 
number is between 40 and 60, it will indicate 
that there are two alloying elements present 
other than those indicated by the code letters. 
Similarly, a number between 60 and 80 will 
indicate three additional alloying elements 
and so on. 

3. Only those elements are considered alloy- 
ing elements that are intentionally added and 
are therefore defined by both minimum and 
maximum limits in the specification. 

4. The code letters to be used are as follows: 
N—nickel 
R—chromium 


A—aluminum 
C—copper 
G—magnesium S—silicon 
M—manganese Z—=zinc 
The use of the letter “A” for aluminum is 
necessary since various grades and purities are 
available in both ingot and wrought forms. 


The application of this code system to 
the various alloys under the jurisdiction 
of Committee B-7 will be made this year 
by appropriate editorial changes in the 
specifications. 


REVISIONS OF TENTATIVE 


STANDARDS 


The committee recommends that the _ 
following tentative be re- 
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vised as indicated below and continued 
as tentative: 


Tentative Specifications for Aluminum 
for Use in Iron and Steel Manufacture 
(B 37 — 41 


Table I.—Change from its sins 
form to read as follows: 


TABLE I.—CHEMICAL REQUIREMENTS. 


Aluminum, min., 
max., per cent 


per cent by 


difference 


geo» > | Copper, max., 
per cent 


oucn 


| Magnesium, 


ucouw 


* Commercial grades of aluminum may also contain 
small amounts of one or more of the following elements: 
nickel, lead, tin, bismuth, chromium, molybdenum, and 
titanium. These minor elements need not determined 
chemically or spectro, poetically unless otherwise 
in the contract or or 


Tentative Specifications for Aluminum- 
Base Alloys in Ingot Form for Sand 
Castings (B 58 — 41 T):? 


Table I.—Add a new alloy ZG41 con- 
forming to the following requirements as 
to chemical composition: 


Alloy ZG 41 
Copper, max., per cent............ 
Iron, max., per cent 
Silicon, max., per cent 
Magnesium, per cent 


Zinc, per cent 


Titanium, per cent 
Chromium, per cent 
Total other impurities, each max., 


Aluminum 
Tentative Specifications for Aluminum- 


Base Alloys in Ingot Form for Die 
Castings (B 125 39 T):3 


Table I.—Change alloy VII to con- 
form to the following requirements: 


Copper, per cent 

Silicon, per cent 

Nickel, max., per cent 

Iron, max., per cent 

Zinc, max., per cent 

Manganese, max., per cent 
Magnesium, max., per cent 

Total other impurities, max., per 


impurity not specifically 
mentioned, max., per cent 
i remainder 


Tentative Specifications for Aluminum- 
Base Alloy Sand Castings (B 26 — 41 
T):4 


Table I.—Change the silicon require- 
ment for alloy O (new alloy ZG41) 
from “0.6 max. per cent” to “0.4 max. 
per cent.” 

Production test results indicated that 
this change is necessary if the mechani- 
cal property requirements are to be met. 


On the recommendation of Subcom- 
mittee III on Wrought Aluminum and 
Wrought Aluminum Alloys, the com- 
mittee recommends that the following 
six specifications be revised as indicated 
below: 


Tentative Specifications for: 


Aluminum Sheet and Plate (B 25 - 41 T),5 
Aluminum-Alloy (Duralumin) Sheet and Plate 
(Aluminum-Copper-Magnesium-Manganese) 

(B 78 - 41 

Aluminum-Manganese Alloy Sheet and Plate 
(B 79-41 T),’ 

Aluminum-Alloy (Duralumin) Bars, Rods, Wire, 
and Shapes (Aluminum-Copper-Magnesium- 
Manganese) (B 89 - 41 T),® 

Aluminum-Magnesium-Chromium Alloy Sheet 
and Plate (B 109-41 T)® and 

Aluminum-Manganese Alloy Sheet and Plate 
for Use in Welded Pressure Vessels (B 126 - 
40 T).!° 


Section 3.—Add the following require- 
ment for permissible zinc content in the 


& Supplement to Book of A.S.T.M. Standards, 
ert 
1944" Su Supplement to Book of A.S.T.M. Standards, 


ie 


10 1940 Supplement to Book of A.S.T.M. 
Part I, p. 3 
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ndards, 


ibulation of chemical composition re- 
quirements: 


Zinc, per 


Change the requirement for other ele- 
ments from its present form to read as 
follows: 


Other elements, max., per cent 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Grma-|Nesa-| Marked 

OR a tive | tive Not 
REVISION OF TENTATIVE 
STANDARDS 
Spec. for Aluminum Sheet and 
Plate (B 25 - 41 T)... | 20 | 0 0. 
Spec. for Aluminum for. Use in 
Iron and Steel Manufacture 
i 20 | 0 0 
Spec. for Aluminum-Base Alloys 
in Ingot Form for Sand Castings 
20 0 0 
Spec. for Aluminum-Base Alloy 
Sand Castings (B 26-41T)..... 33 0 8 
Spec. for Aluminum-Alloy oe. 
alumin) Sheet and Plate (Alumi- 
num ~Magresium-Manga 
nese) 20 | 0 0 
for Aluminum-Manganese 
an Sheet and Plate (B 79 - 
oa or Aluminum-Alloy (Dur- 
alumin) Bars, Rods, Wire, and 
Shapes Aluminum- Copper- 


nesium-Manganese) (B 89 - 41 20 0 0 
Spec. for Aluminum-Magnesium- | 
Chromium Alloy Sheet and Plate! 
(B 109-41 T)..... .| 20 0 0 
Spec. for Aluminum- Base Alloys 
in Ingot Form for Die Castings 
B 125 - 39 T) 20 0 0 
Spec. for Aluminum-Manganese Al- 
i Sheet and Plate for Use in 
elded Pressure Vessels (B 126 - 
ds das 20 0 0 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
48 members, with the results shown in 
lable I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Aluminum and 
Aluminum Alloy Ingots (A. Sugar, chair- 
man).—This subcommittee has confined 
its activities during the past year to a 
revision of the Tentative Specifications 
for Aluminum for Use in Iron and Steel 


On Licut METALS AND ALLOYS 


Manufacture (B37-—41T). The ad- 
dition of certain lower grades of alu- 
minum to these specifications seems ad- 
visable as recommended earlier in this 
report. 

Revisions in alloy VII of the Tentative 
Specifications for Aluminum-Base Al- 
loys in Ingot Form for Die Castings, 
presented earlier in this report, are in 
conformity with changes being recom- 
mended by Committee B-6 on Die-Cast 
Metals and Alloys in the A.S.T.M. 
specifications for aluminum die castings. 

The addition of a new alloy ZG41 to 
the Tentative Specifications for Alu- 
minum-Base Alloys in Ingot Form for 
Sand Castings (B 58-37 T) has been 
approved. 

Subcommittee II on Aluminum Alloy 
Castings (C. H. Greenall, chairman).— 
As mentioned earlier in this report a 
reduction in the allowable silicon con- 
tent for alloy O appearing in the Tenta- 
tive Specifications for Aluminum-Base 
Alloy Sand Castings (B 26-41 T) has 
been recommended by this subcom- 
mittee in order that the mechanical 
properties may be met. 

The study of the effect of impurities 
on the characteristics of aluminum alloy 
castings is being conducted by a sub- 
group. A valuable contribution has 
been made by W. Bonsack and is to be 
published in an early issue of the ASTM 
BULLETIN." 

Subcommitiee ITT on Wrought Alumi- 
num and Wrought Aluminum Alloys 
(P. V. Faragher, chairman).—This sub- 
committee has approved revisions in six 
specifications under its jurisdiction as 
presented earlier in this report. 

Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 
(J. A. Gann, chairman).—This com- 
mittee has reported no activity during © 
the past year. 


1 ASTM Buttetin, No. 117, August, 1942, p. 45. 
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Subcommittee V on Testing Light Alloys 
(R. L. Templin, chairman).—A review 
of the illustrations of the 4 in. diameter 
tension test specimens appearing in the 
various B-7 specifications has brought to 
light some dimensional discrepancies. 
These have been called to the attention 
of Committee E-1 on Methods of Test- 
ing and a revised sketch has been pre- 
pared. Since this change in the illus- 
tration of the test specimen involves no 
revision in the requirements of the vari- 
ous specifications but merely presents 
those requirements more clearly, it is 
being handled editorially. 

Subcommittee VI on Anodic Oxidation 
of Aluminum and Aluminum Alloys 
(J. D. Edwards, chairman).—Progress 
has been reported in connection with 
the program designed to compare the 
performance of anodic coatings in the 
salt spray test with their behavior under 
atmospheric exposure. Six laboratories 
are cooperating in these tests. A prog- 
ress report of the results should be 
available for presentation at the next 
annual meeting. 

The subcommittee has reviewed the 
Tentative Methods of Test for Dielec- 
tric Strength of Anodized Aluminum 
(B 110 — 39 T), Test for Sealing of Anodi- 
cally Coated Aluminum (B 136-40 T), 
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and Test for Weight of Coating on 
Anodically Coated Aluminum (B 137 - 
40 T) and recommends that they be 
continued as tentative. 

Special Subcommittee on Classification 
and Designation of Aluminum Alloys 
(I. V. Williams, chairman).—Several 
minor points in connection with the 
revised nomenclature system for light 
alloys have been clarified and the code 
system has been approved as outlined 
earlier in this report. The subcom- 
mittee will attempt to develop a similar 
system for the magnesium-base alloys. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 48 members; 41 members 
returned their ballots, of whom 37 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 


the committee, 


Sam Tour, 
Chairman. 
H. J. Rowe, 
Secretary. 
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REPORT OF COMMITTEE B-8 


~ELECTRODEPOSITED METALLIC COATINGS 


Committee B-8 on Electrodeposited 
Metallic Coatings held its organization 
meeting on March 6, 1941, in Washing- 
ton, D.C. Much of its activity during 
the current year was concerned with 
perfecting its organization and studying 
the needs for plating specifications. 
Five subcommittees have been ap- 
pointed and brief reports of their work 
are given below. The committee held 
two meetings during the year: one on 
June 25, 1941, in Chicago, Ill., and one 
on January 13, 1942, in Philadelphia, Pa. 
The subcommittees met in Chicago, IIl., 
on October 1, 1941, and in Philadelphia, 
Pa., on January 13, 1942. 

By-laws were adopted upon approval 
by letter ballot vote as follows: From a 
membership of 29, 28 members voted 
affirmatively and one member marked 
his ballot ‘‘not voting.”’ 

The committee has approved the scope 
of activities and functions of the new 
Advisory Committee on Corrosion by 
letter ballot vote as follows: From a 
membership of 37, 36 members voted 
affirmatively and 1 negatively. 

Committee B-8 has not seen fit to 
recommend any emergency provisions in 
the existing specifications under its 
jurisdiction due to the fact that non- 
lefense plating has substantially ceased 
ind there appears to be no good reason 
for reducing requirements for such coat- 

ngs as continue to be used on essential 
lefense work. 

The great reduction in commercial use 

f electrodeposited coatings combined 
vith heavy new demands on its indi- 


vidual members in connection with the 
defense program will result in Committee 
B-8 being less productive but not idle in 
its field for the duration of the war. 
Committee B-8 has expressed to the 
Executive Committee of the Society and 
to the Government its readiness and 
desire to cooperate in the war effort by 
obtaining and furnishing information 
relative to electrodeposited coatings and 
is maintaining its organization for this 
purpose. 

Upon request, Committee B-8 is now 
represented on the following committees: 


Committee D-1 on Paint, Var’ ish, Lacquer, 
and Related Products, by B. H. McGar, 
Committee D-12 on Soaps and Other Deter- 
gents, by G. B. Hogaboom, 
Committee D-19 on Water fer Industrial 
Uses, by C. Kocour, 
Committee E-1 on Methods of Testing, by 
C. E. Heussner, 
Technical Committee VIII on Thickness 
Measurement, by A. K. Graham, and 
Technical Committee XIII on Hydrogen 
Ion Determinations, by L. R. Westbrook. 


The Tentative Methods of Test for 
Local Thickness of Electrodeposited 
Coatings (A 219 — 40 T), under the joint 
jurisdiction of Committee B-8 and Com- 
mittee A-5 on Corrosion of Iron and 
Steel are being continued as tentative 
without revision. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Specifications and 
Definitions (Gustaf Soderberg, chair- 
man) 


2 


—A number of subgroups have ea 
been “organized as follows: Definitions 
Blum, chairman), Lead and Lead 
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Alloy Coatings (Thor H. Westby, chair- 
man), Tin Coatings (H. A. Pray, chair- 
man), Silver Coatings (A. K. Graham, 
chairman), Heavy Chromium Coatings 
(Glenn R. Carley, chairman). 

Of these subgroups, those on Defini- 
tions and on Heavy Chromium Coatings! 
have reported definite progress. 

Subcommittee II on Performance Tests 
(C. E. Heussner, chairman).—One sub- 
group on Collection and Correlation of 
Data on Outdoor Exposure Tests (Wm. 
Blum, chairman) has been appointed. 

Subcommittee ITI on Conformance Tests 
(C. H. Sample, chairman).—Subgroups 
on Thickness Tests (W. L. Pinner, chair- 
man), Porosity Tests (J. E. Fritts, chair- 
man) and Tests of Structural Properties 
(C. H. Sample, chairman pro tem) have 
been organized. 

Subcommitiee IV on Electroplating 
Practice (A. K. Graham, chairman).— 
Subgroups on Preparation of Base Met- 
als, Plating Procedures for Specific Base 
Metals, and Procedures for Stripping and 
Replating have been authorized. The 


1 See Editorial Note, below. 
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first-mentioned subgroup is collecting 
data on the preparation of cold-rolled 
steel for electroplating. 

Subcommittee V on Supplementary 
Protective Finishes for Metallic Coatings 
(B. H. McGar, chairman).—This sub- 
committee has collected data on the use 
of oil, wax, and lacquer coatings, and 
passive films and is engaged in the study 
of these data. 


The present officers of the committee 
have been re-elected for the ensuing term 
of two years. 


This report has been submitted to 
letter ballot of the committee which now 
consists of 51 members; 47 members 
returned their ballots, of whom 44 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
M. BAKER, 

Chairman. 
GustaF SODERBERG, 
Secretary. 


ty 


designation B 177 - 43 T. 


EprroriAL NOTE 


Subsequent to the annual meeting, Committee B-8 presented to the Soci- 
ety through: Committee E-10 on Standards a new Tentative Recommended 
Practice for Chromium Plating on Steel for Engineering Use. 
mended practice was accepted by Committee E-10 for publication as tenta- 
tive on March 6, 1943, and is available in separate reprint form under the 
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Committee C-1 on Cement held two 
meetings during the year, both meetings 
being very well attended by members 
and also by interested visitors. One of 
the meetings was so located that an op- 
portunity was afforded for those in 
attendance to visit numerous nearby 
laboratories and cement mills. The 
other meeting was specially called to 
consider cement questions arising out of 
the present war emergency—questions 
relating to temporary modifications of 
the requirements in the A.S.T.M. Stand- 
ard Specifications for Portland Cement 
(C 150-41), simplification of arrange- 
ments for testing and inspection of 
cement, number of types of cement, 
etc. 

At the last named meeting there were 
present representatives of the War 
Production Board, including J. L. 
Haynes, Chief of the Lumber and Build- 
ing Materials Branch. The committee, 
therefore, had the benefit of Mr. Haynes’ 
explanations concerning some of the 
numerous items which were discussed. 
As a result of that meeting, Committee 
C-1 offered to the War Production Board 
a° number of recommendations con- 
cerning specifications for and inspection 
of portland cement. Also, Committee 
C-1 appointed a special subcommittee, 
under the chairmanship of J. L. Miner, 
authorized to offer, on its own initiative, 
recommendations to the War Production 
Board regarding reduction in number of 
types of cement, emergency provisions 
in A.S.T.M. Specifications C 150, limita- 


«=! 


tions on types of cement which should 
be made in any certain locality, etc. 
This subcommittee was also to act, as 
provided under the A.S.T.M. Regula- 
tions Governing Standing Committees, 
to prepare, if thought needed, Emer- 
gency Alternate Provisions and Emer- 
gency Specifications for submission to 
Committee E-10 on Standards for issue 
by the Society for use during the emer- 
gency. The personnel of this subcom- 
mittee was selected to afford appropriate 
distribution of interest and also of 
geographical location. This special sub- 
committee prepared Emergency Alter- 
nate Specifications for Portland Cement 
which were presented to the Society and 
accepted by Committee E-10 on Stand- 
ards on June 5, 1942, and issued under 
the designation EA —C 150.! 


SUBCOMMITTEE ACTIVITIES 


Throughout the year a very consider- 
able volume of subcommittee work was 
maintained. Some of this current work 
has not reached the stage where lengthy 
or conclusive reports were possible, but 
progress is being made. 


Chemical Analysis: 


The Working Committee on Methods 
of Chemical Analysis, under the chair- 
manship of W. C. Hanna, has continued 
its customary year-round activity. 
Based on extensive cooperative study 
during the year, the subcommittee 


Alternate Specifications appear 


1These Emergen 
ASTM. S Standards, Part II, p. 1017. 
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presented? a recommended tentative al- 
ternate method for the rapid determina- 
tion of sodium oxide and potassium 
oxide in cement.* The subcommittee 
also presented a recommended tentative 
method for determining sulfide sulfur,’ 
as the result of work performed during 
the preceding year. Committee . C-1 
has approved the two foregoing recom- 
mendations of the Working Committee 
and is now presenting those recom- 
mendations to the Society as proposed 
revisions in the Tentative Methods of 
Chemical Analysis of Portland Cement 
(C 114-40 T). 

This Working Committee has also 
recently begun an additional study of 
the method published by R. B. Rudy for 
“Determination of Sulfuric Anhydride 
in Portland Cement by Means of the 
Wagner Turbidimeter.”* This method 
was studied briefly by the Working 
Committee some years ago, and has 
also been used by some laboratories. 
Recent developments showed the de- 
sirability of studying the problem of 
preparing a detailed description of the 
method in proper form for presentation 
as a proposed A.S.T.M. quick alternate 
method. Rapid progress has been re- 
ported in the current study of certain 
of the details and the endeavor to learn 
more about the nature of the repro- 
ducibility of results among different 
laboratories. Guided by the results of 
that work, Committee C-1 is recom- 
mending, for acceptance as tentative, 
an alternative rapid method for deter- 
mining sulfur trioxide in cement by the 
turbidimeter.* 


2 W. C. Hanna, L. N. Bryant, and T. A. Hicks, ‘‘In- 
vestigation of Quick Methods for Determining Sodium 
Oxide and Potassium Oxide in Portland Cement,’”” ASTM 
Buttetin, No. 114, January, 1942, p. 41. 

* These methods were accepted by the Society and 
have been incorporated in the Tentative Methods of 
Chemical Analysis of Portland Cement (C 114-42T), 
which a in their latest revised form in the 1942 
Book of A.S.T.M. Standards, Part II, p. 1058. 

* Journal of Research, Nat. Bureau Standards, Vol. 16, 
No. 6, p. 555, (1936) (Research Paper 893). 


This Working Committee has also 
prepared a proposed revision of the re- 
quirements for balances and weights 
now prescribed in Section 3 of the 
Standard Methods of Chemical Analysis 
of Portland Cement (C 114-40) to 
bring them into conformity with the 
requirements for analytical balances as 
contained in Federal Specification SS-C- 
158a, and also to present additional 
information about weights. Committee 
C-1 now presents the following revision 
in Section 3 for immediate adoption and 
accordingly asks for a_ nine-tenths 
affirmative vote in order that this 
change in Standard Methods C 114 — 40 
may be submitted to letter ballot of the 
Society. 

Section 3.—Change from its present 
form to read as follows: 


3. (a) Balances*—The analytical bal- 
ances used in the chemical determinations shall 
conform to the following requirements: 

Capacity not less than 100 g. in each pan, 

The two arms of the beam equal within (/) 
two parts in 100,000 for balances in use or (2) 
one part in 100,000 for new balances (Note 1), 

Capable of reproducing results within 0.0002 
g., and 

Sensibility reciprocal’ not more than 0.0005 
g. per division of the graduated scale for any 
load up to 100 g. (Note 2). In case of direct- 
reading balances this requirement does not 
apply. 

Any rapid weighing device that may be 
provided, such as a chain, damped motion, or 
heavy riders, shall not introduce erroys greater 
than 0.0001 g. at any reading and with any 
allowable load on the scale pans. 


Note 1.—The lengths and ratios of the arms 
may change with use, and with age if not 
used. 

Nore 2.—If an auxiliary metal or glass pan 
is used, its weight is a part of the load. 


(b) Weights*—The weights used in the 
chemical determinations shall conform to the 
requirements of the National Bureau of Stand- 
ards specifications for class “S’” weights as 
prescribed in Bureau of Standards Circular 
No. 3, “Design and Test of Standards of Mass.” 
The weights (including the riders) shall be 
checked when questioned, or at least once a 
year, with weights that have been certified 
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by the National Bureau of Standards within 
ve years. They shall be adjusted within the 
tolerances given in the above mentioned specifi- 
ations for class ‘““S” weights, according to their 
ipparent mass as determined by comparison 
vith brass standards in air. 


* Information on Analytical Balances and Weights, to 
supplement the requirements for lances and weights 
prescri in these methods, been prepared and is 
published as a not x of these methods, 
see os compilation of “A.S.T.M. Standards on Cement,’ 
issued as a separate Sain October, 1942, p. 40. 

The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance and is the weight required to move the 
position of a monger 9 of the pointer one division. For 
a complete definition of sensibility reciprocal, see National 
Bureau of Standards Handbook H22, ‘‘Specifications, Tol- 
erances, and Regulations for Commercial Weights and 
— ae and Weighing and Measuring Devices,” pp. 68 
and 69. 


The Working Committee also offered, 
as a result of a recently completed 
cooperative study by a number of 
laboratories, a revision of the standard 
method for determining insoluble resi- 
Committee C-1 recom- 
mends this revision for immediate adop- 
tion and accordingly asks for a 
nine-tenths affirmative vote in order 
that this modification in Section 31 of 
Standard Methods C 114-40 may be 
referred to letter ballot of the Society. 


Section 31.—Change from its present 
form to read as follows: 


31. To 1 g. of the sample, add 10 ml. of cold 
water and 5 ml. of HCl (sp. gr. 1.18). Warm 
the solution gently and grind the material with 
the flattened end of a glass rod for a few minutes 
until it is evident that decomposition of the 
cement is complete (Note). Dilute the solu- 
tion to 50 ml. and digest for 15 min. at a tem- 
perature just short of boiling. Filter the residue, 
wash six times with hot water, and digest the 
filter paper and contents in 100 ml. of NaOH 
solution (1 per cent), the solution being held at 
a temperature just short of boiling for 15 min. 
Using methyl red as indicator, acidify the solu- 
tion with HCl and add an excess equivalent to 
1 or 5 drops of HCI (sp. gr. 1.18). Filter and 

ash the residue 12 to 15 times with hot NH,Cl 
solution (2 per cent). Ignite the residue in a 
tared crucible at 900 to f000 C., cool it in a 
desiccator, and report the gain in weight as 
insoluble residue. 


Note.—If a sample of portland cement con- 
tains an appreciable amount of manganic oxide, 


there may be brown compounds of manganese 
which dissolve slowly in cold diluted HCl but 
rapidly in hot HCl in the specified strength. 
In all cases, dilute the solution as soon as 
decomposition is complete. 

Interested laboratories have con- 
tributed their efforts in studying the 
possibilities of applying spectrographic 
methods in the quantitative analysis of 
cements. These studies are being con- 
tinued. 


Alkali (Na20, in Cement: 


In its report for 1941, Committee C-1 
explained in some detail the reasons for 
attaching great importance to the cur- 
rent study of the question of specifica- 
tion limits for NazO and K,0O in port- 
land cements. While no recommenda- 
tions are now being made regarding this 
matter, this special subcommittee which 
had been appointed to study this sub- 
ject has been continuously active under 
the chairmanship of R. F. Blanks. 


Volume Change and Soundness: 


The Working Committee on Volume __ 


Change and Soundness, under the chair- 
manship of H. F. Gonnerman, has ac- 
tively continued the study of questions 
under its jurisdiction. However, no 
changes in the Method of Test for Auto- 
clave Expansion of Portland Cement 
(C 151-40 T) are now proposed, and it 
is recommended that this method be 
retained as tentative without revision. 
Arrangements were made for the Cement 
Reference Laboratory to collect certain 
desired data on apparatus. 


Fineness: 


The Working Committee on Fineness 
(P. H. Bates, chairman) has continued 
its cooperative studies of the possibilities 
of the air permeability measurement 
method for the determination of the 
fineness of cement. The results have 
been encouraging. This subcommittee 
also recommended that the Tentative 
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Method of Test for Fineness of Portland 
Cement by Means of the Turbidimeter 
(C 115-41 T) be adopted as standard. 
Committee C-1 has approved that pro- 
posal and is now recommending its 
adoption by the Society. 


Strength: 


The Working Committee on Strength 
(O. L. Moore, chairman) has continued 
its study of problems relating to its 
work. The question of increasing the 
allowable size of batches, for both tensile 
strength and compressive strength tests, 
is receiving attention. The subcom- 
mittee is also considering details of the 
Tentative Method of Test for Compres- 
sive Strength of Portland-Cement Mor- 
tars (C 109-37 T), devoting particular 
attention to requirements for apparatus. 
It is expected that these studies will 
result in early proposals concerning re- 
visions in details of that method. 
However, pending the completion of 
those studies, Committee C-1 recom- 
mends that Tentative Method C 109 - 
37 T be retained without change for 
another year. 


Additions to Cement: 


The 1941 Report of Committee C-1 
presented reasons for devoting attention 
to such additions to cement as seem to 
incorporate a small percentage of air in 
the concrete. There has been continued 
interest in the excellent resistance to 
frost action of concrete made with ce- 
ment containing certain of such addi- 
tions. The Working Committee on 
Additions (H. J. Gilkey, chairman) com- 
pleted the study, which had been under- 
taken in the preceding year, on one of 
these additions when used in portland 
cements employed in highway paving 
concrete subject to severe frost action. 
The Sponsoring Committee on Portland 
Cements (C. E. Wuerpel, chairman) was 
instructed to prepare and submit to 


Committee C-1 appropriate specifica- 
tions for ‘‘treated”’ portland cements for 
highways, thus caring for the addition 
which had just been studied, and pro- 
viding a suitable specification basis for 
such other additions of like type as might 
later be declared acceptable to the com- 
mittee. The Working Committee on 
Additions is continuing its studies of 
additions, particularly including some 
of the nonproprietary nature. 


Blended Cemenis: 


The Sponsoring Committee on 
Blended Cements (R. E. Roscoe, chair- 
man) has continued the active con- 
sideration of its problems, including the 
question of specifications for portland- 
blast furnace slag cement. Proposed 
tentative specifications for portland-poz- 
zuolana cement have been distributed to 
Committee C-1 for comments. The 
subcommittee is giving attention to the 
study of tests for pozzuolanic activity 
and long-time tests. 


Sulfate Resistance: 


The Working Committee on Sulfate 
Resistance (D..G. Miller, chairman) is 


continuing its studies. Six laboratories 
have been participating in a program of 
short-time tests on the 132 cements on 
which long-time sulfate resistance tests 
had been made. Additional laboratories 
may assist in the work. It is too early 
for detail progress reports on this work. 


Portland Cement Specifications: 


The Sponsoring Committee on Port- 
land Cements (C. E. Wuerpel, chair- 
man) has been studying certain details 
of the Standard Specifications for Port- 
land Cement (C 150 contemplat- 
ing revisions thefein in order to effect 
desired clarification and more effectively 
describe the intent of the specifications. 


51941 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 
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As a result of those studies, the Sponsor- 
ing Committee has prepared the follow- 
ing two revisions for immediate adoption 
in Specifications C 150-41, and Com- 
mittee C-1 accordingly asks for the 
necessary nine-tenths affirmative vote 
in order that this recommendation may 
be referred to letter ballot of the Society: 


Section 3.—Change the definition of 
portland cement from its present form 
to read as follows: 


3. Portland Cement.—Portland cement is 
the product obtained by pulverizing clinker 
consisting essentially of hydraulic calcium sili- 
cates, to which no additions have been made 
subsequent to calcination other than water 
and/or untreated calcium sulfate, except that 
additions not to exceed 1.0 per cent of other 
materials may be interground with the clinker 
at the option of the manufacturer, provided 
such materials in the amounts indicated have 
been shown to be not harmful by tests carried 
out or reviewed by Committee C-1 on Cement.* 

Norte.—Tests to determine whether a pro- 
posed addition is not harmful will be carried out 
or reviewed by Committee C-1 on Cement, for 
those making requests. In the year following 
that in which an addition has been declared not 
harmful by the committee, the name of the ad- 
dition and the amount permitted shall appear 
as an addendum to Section 3 in a revision of the 
specifications. 


@ The committee has declared as not harmful the inclu- 
sion of the material known commercially as TDA (com- 
posed of triethanolamine and highly purified soluble cal- 
cium salts of modified lignin sulfonic acids), manufactured 
by the Dewey and Almy Chemical Co., when added in an 
amount not exceeding 0.043 Pee cent by weight of the ce- 
ment, except that in type | r ment a maximum of 0.08 
per cent by weight may be 
Table 1I.—Change the third sentence 
of footnote c from its present form: 


namely, 

Tests at 28 days on types I and II cement 
may be waived at the option of the purchaser. 
to read as follows: 


Unless otherwise specified, the compressive 
and tensile strength tests on types I and II 
ement will be made only at 3 and 7 days. 


These changes in Table II will bring 
the A.S.T.M. specifications into accord 
with the existing Federal Specification. 


This subcommittee has also studied 
the problem of specifications for certain 
additions in portland cement, as related 
earlier in this report under the heading 
“Additions to Cement.” Guided by 
these studies, the Sponsoring Committee 
has recently submitted proposed Tenta- 
tive Specifications for Treated Portland 
Cement for Concrete Pavements.‘ 
Committee C-1 recommends that these 
specifications be accepted for publica- 
tion as tentative. 

Numerous questions within its scope 
of activity were also considered by this this 
subcommittee. 


Miscellaneous Subcommittee Work: 


Progress was reported in the activities 
of certain working committees which 
have not, however, reached the point 
where very definite reports were avail- 
able. Among these were the Working 
Committee on Bleeding, Plasticity and 
Workability (F. O. Anderegg, chairman), 
Working Committee on Heat of Hy- 
dration (G. J. Durant, chairman), Work- 
ing Committee on New Tests (N. T 
Stadtfeld, chairman), and Working Com- 
mittee on Time of Setting (E. E. Berger, 


chairman) 


Cement Reference Laboratory: 


Under the supervision of the Sub- 5 % 


committee on Cement Reference Labo- 


ratory (G. E. Warren, chairman), the 


Cement Reference Laboratory at the 


National Bureau of Standards con- 
tinued its activities throughout the 
year. The work of this joint project.of _ 


the Bureau and the A.S.T.M., under the | 
sponsorship of Committee C-1, is sum- | 
marized ‘as follows for the period July 1, 
1941, to June 30, 1942. 

Work was continued on the seventh 
inspection tour among cement testing — 


¢ These specifications were accepted as tentative b 
the Society and appear in the 1942 Book of A.S.T 
Standards, Part II, p. 1055. 
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laboratories, 163 laboratories being 
visited. This tour had been started at 
the end of 1940. Requests for inspec- 
tion were received from 281 laboratories. 
The number of inspection requests in the 
sixth tour was 290. 

The Public Roads Administration 
continued to require Reference Labora- 
tory inspections at laboratories which 
test cement for certain Government proj- 
ects. Copies of reports of numerous 
inspections have been furnished to that 
office under that arrangement. In ad- 
dition to requiring inspections as above, 
the Public Roads Administration gave 
financial support to the Reference Labo- 
ratory, thus enabling the travel to be 
continued at the desired rate through the 
recent months. 

The verification of compression test- 
ing machines and the examination of the 
2-in. cube molds was begun with the 
current tour. Verification tests were 
made on 92 compression testing ma- 
chines, while information was gathered 
on an additional 53 machines which 
were not verified because of such reasons 
as too large capacity for the work in- 
volved, insufficient clearance for inser- 
tion of proving equipment, lack of 
suitable upper bearing block for proving 
ring, absence of operator. Thus, the 
Reference Laboratory now has data re- 
sulting from its verification of more than 
120 compression testing machines, with 
miscellaneous information concerning 
some of the details of about 60 machines 
which it did not test. This information 
is being furnished to the Subcommittee 
on Strength. To that same subcommit- 
tee was sent the information collected 
on the practice of many laboratories 
throughout the country with regard to 
the size of batch used in the preparation 
of the tension specimens, also the data 
obtained in the tests of cube molds. 

In the absence of a suitable complete 
book on the subject, the laboratory pre- 


pared, for the use of it 
revision of its booklet of instructions 
covering the use of proving rings in the 
verifications of compression testing ma- 
chines. This verification work has 
proved to be of continued interest since 
its start. Indirectly, the work has in 
some cases proven of value in fields other 
than cement testing, it being understood 
that some of the verified machines were 
used also for testing miscellaneous mate- 
rials involved in the war effort. 

Portions of the comparative test sam- 
ples Nos. 3, 4, and 5 were sent to a 
number of laboratories interested in the 
usual chemical analysis studies and in 
spectrographic work. 

The Working Committee on Methods 
of Chemical Analysis was furnished with 
a summary of the data collected on the 
ignition equipment used by the numer- 
ous laboratories which participated in 
the tests of the Reference Laboratory’s 
comparative samples Nos. 4 and 5. 

In the current tour the work has been 
extended to include demonstrations of 
autoclave test procedure. In coopera- 
tion with the Working Committee on 
Volume Change and Soundness, data 
have been assembled regarding details 
of procedure and performance of ap- 
paratus used in the autoclave test. Such 
data, obtained through inspectors’ ob- 
servations and in reply to a recent ques- 
tionnaire of the Reference Laboratory, 
are being summarized for submission to 
the Working Committee on Volume 
Change and Soundness. 

The field tests of the microammeters 
used with the Wagner turbidimeter have 
demonstrated the necessity of frequent 
check on the performance of these mi- 
croammeters. 

Miscellaneous work has included the 
training of new personnel, tests of 
equipment received at the Bureau, caring 
for inquiries concerning testing equip- 
ment and procedure. 
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BLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


| 


tive 


Affirma- 


New TENTATIVE STANDARD 


>. for Treated Portland Ce- 
ment for Concrete awe 
ments 


REVISION OF TENTATIVE 
STANDARD 


mical Analysis of Portland 
Cement (C 114 - 40 T): 


New alternate method for the 
rapid determination of 
sodium oxide and potas- 
sium oxide in cement : 

New method for determining 
sulfide sulfur in cement... 

New alternate rapid method 
for determining sulfur tri- 
oxide in cement by turbi- 
dimeter 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


Spec. for Portland Cement 
(C 150 - 41). 

hemical Analysis a Portland 
Cement (C 114 - 

Revision in for 
chemical balances and 
weights in Section 3 

Revision of procedure in Sec- 
tion 31 for determining in- 
soluble residue 


IV. AporTtion OF TENTATIVE 
STANDARD AS STANDARD 
Test for Fineness of Portland 


Cement by Means of the 
(C 115 - 


Nega- 
tive 


Ballots 
Marked? 
“Not 
Voting” 


Recommendations Affecting Standards: 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
82 voting members, with the results 
shown in Table I. 


The following officers were unani- 
mously elected for the ensuing term of 
two years: 

Chairman, P. H. Bates. 

_ Vice-Chairman, C. F. Conn. 


4, 
a Vice-Chairman, D. Wolochow. 


Secretary, G. E. Warren. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 82 voting members; 63 members 
returned their: ballots, of whom 61 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


L. W. WALTER, 
Secretary. 


H. Bates, 
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Committee C-7 on Lime has held two 
meetings during the year: on June 25, 
1941, in Chicago, IIl.,-and on May 26, 
1942, at Hot Springs, Va. A special 
meeting of Subcommittee II on Struc- 
tural Lime was held in Washington, 
D. C., on December 5, 1941. 

Five new members have been added 
to the committee during the year. 
At present the total membership is 54, 
classified as 26 producers, 7 consumers, 
and 21 general interest members. The 
year also marked the death of W. E. 
Carson, vice-chairman of the com- 
mittee. As president of the Riverton 
Lime and Stone Co., Riverton, Va., 
Mr. Carson for many years took an 
active interest in the affairs of the 
committee and of the Society. 

Subsequent to the 1941 annual meet- 
ing, Committee C-7 presented to the 
Society through Committee E-10 on 
Standards a tentative revision of the 
Standard Definitions of Terms Relating 
to Lime (C 51-39). This tentative 
revision in the form of new Tentative 
Definitions of Terms Relating to Lime 
(C 51-41T), was accepted! by Com- 
mittee E-10 on October 23, 1941. 
Committee C-7 recommends that the 
new definitions be continued as tenta- 
tive during the coming year. 

1In submitting this recommendation to Committee 
E-10 on Standards, Committee C-7 reported results of the 
letter ballot vote as follows: Of a total membership of 
49, 32 members returned their ballots, of whom 27 voted 
affirmatively, 1 negatively, and 4 members marked their 
ballots ‘‘not voting.” 

21939 Book of is.7M. Standards, Part II, p. 905. 


21941 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 417. 


REPORT OF COMMITTEE C-7 


I. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Having stood for two years without 
revision, and in the absence of sug- 
gestions for modification, the com- 
mittee recommends that the Tentative 
Specifications for Hydraulic Hydrated 
Lime for Structural Purposes (C 141 - 
38 T)* be approved for reference to 
letter ballot of the Society for adoption 
as standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 54 members; 43 mem- 
bers returned their ballots, of whom 33 
have voted affirmatively, 0 negatively, 
and 10 members marked their ballots 
“not voting.” 


II. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 


No comments have been received 
during the past two years relative to 
the tentative revision*® of the Standard 
Specifications for Quicklime and Hy- 
drated Lime for Silica Brick Manu- 
facture (C 49 — 24), which was presented 
in the 1940 annual report. The com- 
mittee therefore recommends that this 
tentative revision be approved for 
reference to letter ballot of the Society 
for adoption as standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 54 members; 43 mem- 
bers returned their ballots, of whom 34 
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have voted affirmatively, 0 negatively, 
and 9 members marked their ballots 
“not voting.” 


III. STANDARDS AND TENTATIVE 
STANDARDS CONTINUED WITHOUT 
REVISION 


The Tentative Methods of Physical 
Testing of Quicklime and Hydrated 
Lime (C 110-38 T) have stood for two 
years without revision, and the follow- 
ing standard specifications and methods 
have not been revised during the past 
six years: 


Standard Specifications for: 

Quicklime for Structural Purposes (C 5-26), 

Hydrated Lime for Structural Purposes 
(C 6-31), 

Quicklime and Hydrated Lime for Cooking of 
Rags in Pa,er Manufacture (C 45-25), 

Quicklime for Sulfite Paper Manufacture 
(C 46-27), 

Quicklime and Hydrated Lime for Use in the 
Textile Industry (C 48 — 24) and 

Hydrated Lime for Varnish Manufacture 
(C 47 - 27). 

Standard Methods of: 


Chemical Analysis of Limestone, Quicklime, 
and Hydrated Lime (C 25-29), and 

Sampling, Inspection, Packing, and Marking 
of Quicklime and Lime Products (C 50-27). 


The subcommittees have done con- 
siderable work on a number of these 
standards, particularly those covering 
structural lime and physical and chem- 
ical methods of analysis, but none of the 
investigations have reached a point 
where definite revisions can be advo- 
cated. The other specifications still are 
considered to be in accord with present 
practice and require no revision. Com- 
mittee C-7 therefore recommends to the 
Society that these standards be con- 
tinued in their present status. 


W.V ERNON BRUMBAUGH, 


Subcommittee II on Structural Lime 
(J. A. Murray, chairman).—The princi- 
pal subjects under consideration by this _ 
subcommittee are two proposed specifica- 
tions designed to cover the newer types 
of hydrated lime for structural pur- to? 
poses. One of these is for hydrated — 
lime for mortar purposes and the other _ 
for finishing hydrated lime. These hy- 


drates are characterized by the proper- _ 
ties of high plasticity and high ee 
carrying capacity, and, in the case of 
the dolomitic types, by substantially Bit 


complete hydration of the magnesium 
oxide and low expansion when mor 
to steam under pressure. 
In this connection, Committee C-7 is 
attempting to develop a suitable steam 7 
pressure method of test to be applied ‘SS 
to these newer types of hydrates. ee 
A beginning has been made by the ' 
committee toward the drafting of 
single master specification for lime used 
in industrial and chemical processing. —_ 
The election of officers for the en- 
suing term of two years resulted in the __ 
selection of the following: 
Chairman, W. C. Voss. 
Vice-Chairman, J. A. Murray. 
Vice-Chairman, J. F. Carle. 
Secretary, L. K. Herndon. ag 
This report has been submitted to __ 
letter ballot of the committee which — 


returned their ballots, of 41 
voted and 0 negatively. 


the committee, 
: NATHAN C. Rockwoop, 

Chairman. 


EprroriAL NOTE 
Subsequent to the annual meeting, Committee C-7 presented to the Society 


through Committee E-10 on Standards a tentative revision of the Standard 
Methods of Chemical Analysis of Limestone, Quicklime, and Hydrated Lime 


(C 25 — 29). 


This tentative revision was accepted by Committee E-10 on Aug- 


ust 24, 1942, and in the Book M. Past II, p. 
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~ Committee | C-8 on Refractories held 
two meetings during the year: one on 
September 4, 1941, in Granville, Ohio, 
and the other on March 5, 1942, in 
Cleveland, Ohio. As has been the cus- 
tom in the past few years, the fall meet- 
ing was held in conjunction with the 
meeting of the Refractories Division of 
the American Ceramic Society, and the 
March meeting in conjunction with the 
spring group meetings of the A.S.T.M. 

The committee was very active during 
the year, and is presenting for the first 
time specifications for fireclay plastic 
refractories to be used in the construction 
of boiler furnaces and incinerators. 

At the spring meeting of the com- 
mittee, consideration was given to the 
procedure set up by the Society whereby 
Emergency Alternate Provisions may be 
promptly issued in order to expedite 
production or to conserve materials 
during the period of national emergency. 
It was the consensus that at the present 
time there is little need for Committee 
C-8 to make use of such alternate provi- 
sions because, so far at least, the refrac- 
tories industry is meeting the require- 
ments of industry. 

In order to keep all the subcommittees 
active, the Advisory Committee at the 
March 5, 1942, meeting discharged the 
membership of all subcommittees and 
appointed a chairman for each. These 
chairmen, with the approval of the Ad- 
visory Committee, are to select the 
members of their committees. Because 
there is no immediate work for them, 
Section A on Load, of Subcommittee 


ON 
REFRACTORIES 


id 


III, and Section A on Retest Data, of 
Subcommittee V, have been discharged. 

A revision was made in Article VII, 
Section 1, of the Regulations Governing 
Committee C-8, permitting discontinua- 
tion of standing subcommittees upon 
letter ballot approval of the committee, 
on the recommendation of the Advisory 
Committee. 

Two new members were added to the 
committee during the year: E. E. Cal- 
linan, Timken Roller Bearing Co., and 
Hewitt Wilson, U. S. Bureau of Mines. 

The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


I. New TENTATIVE STANDARD 


There has been a repeated demand for 
specifications covering fireclay plastic re- 
fractories for boiler furnaces and incine- 
rator service. Committee C-8 has been 
working on this problem for several 
years and has developed a set of specifi- 
cations, and also test methods for deter- 
mining those properties not covered by 
other A.S.T.M. standard test methods. 
The committee recommends that these 
proposed Specifications for Fireclay 
Plastic Refractories for Boiler Furnaces 
and Incinerator Service! be accepted for 
publication as tentative. 


II. REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


Methods of Testing Insulating Fire 
Brick (Compressive Strength, Flexural 
Strength, and Permanent Linear Change 


"1 These specifications were accepted as tentative | 
the Society and appear in the 1942 Book of A.S.T. 
Standards, Part II, p. 1141. 
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After Heating) (C 93 — 41).»—There is an 
inconsistency in Section 14 of Methods 
C 93-41. Paragraph (a) of this section 
specifies the calculation of linear shrink- 
age from measurements taken along the 
three major axes of the specimen, 
whereas Paragraph (c) specifies the cal- 
culation of permanent linear shrinkage 
after heating from the volume shrinkage 
as calculated in Paragraph (0). The 
latter is obtained from Paragraph (a) 
and so the linear shrinkage calculated 
from it (Paragraph (c)) would be the 
same as the weighted average linear 
change given in Paragraph (a). The 
committee therefore recommends the 
omission of Section 14 (c) from these spec- 
ifications and asks for a nine-tenths af- 
firmative vote in order that this recom- 
mendation may be referred to letter 
ballot of the Society. 


III. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Tentative Definitions of Terms Relating 
to Refractories (C 71-40 T).2—The com- 
mittee has cooperated with the Society 
in drawing up definitions that cover ade- 
quately the terms as applied to the 
refractories industry but still conform to 
A.S.T.M. requirements. Last year it 
recommended for adoption as standard 
the tentative definitions for abrasion, 
corrosion, erosion, slagging, burning, and 
calcining as they appear in C 71-40 T. 
Committee E-8 on Nomenclature and 
Definitions requested that the formal 
adoption of these definitions as standard 
be deferred for a year in order that cer- 
tain editorial suggestions might be re- 
viewed and discussed with the com- 
mittee. It appeared that if the words 
“of refractories,” (except in the case of 
calcining, which would read “‘of refrac- 


21941 . eon to Book of A.S.T.M. Standards, 
Part Il. p. 5 


3 Supplement to Book of A.S.T.M. Standards, 
art 


tory materials’) were added to the titles 
of the definitions concerned they would 


be acceptable to Committee E-8. These _ 


editorial changes were approved by Com- 


mittee C-8. It was also recommended 


that the definition for erosion be edi- he a 
torially revised by omission of the _ 


phrase ‘“‘such as molten metals and 
slags.” 

Committee C-8 accordingly recom- 
mends that with these editorial changes 


the definitions of the terms abrasion, 


burning, corrosion, erosion, and slagging 


be approved for reference to letter ballot _ 


of the Society for adoption as standard. 
The definitions in their revised form are 
given below. 


tained as tentative. 


It is further recommended 
that the definition for calcining be re- 


Abrasion of Refractories —Wearing away of 
refractory surfaces by the scouring action of — 


moving solids. 


Burning (Firing) of Refractories—The final | 


heat treatment to which refractory brick and 


shapes are subjected in the process of manu-— 


facture for the purpose of developing bond and 
other necessary physical and chemical properties. 


Corrosion of Refractories—Destruction of re- 
fractory surfaces by the chemical action of ex-_ 


ternal agencies. 
Erosion of Refractories.—Wearing away of 


refractory surfaces by the washing action of 5 


moving liquids. 

Slagging of Refractories —Destructive chemi- 
cal reaction between refractories and external 
agencies at high temperatures, resulting in the 
formation of a liquid. 


IV. ADOPTION AS STANDARD OF TENTA- 
TIVE REVISIONS OF STANDARDS } 


Method of Test for Pyrometric Cone 
Equivalent of Refractory Materials ( C 24 - 
35).—The tentative | revision’ of 


method, handling of silica cements, 
and (c) a slight modification in the di- 
mensions of the pyrometric test cones. _ 


The committee recommends that this 


41941 to Book of A.S.T.M. Standards, 
I 419, 
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tentative revision be oe for refer- 
ence to letter ballot of the Society for 
adoption as standard. 

The committee also calls attention to 
an editorial correction. In the proposed 
revision of Section 3 (a) of Method C24 
the over-all height of the cone is given as 
1;s in. but should read 1} in. 

Method of Panel Test for Resistance to 
Thermal and Structural Spalling of Re- 
fractory Brick ( C 38 — 36).—The tentative 
revision® of this method, published in 
1940, involves a new style of back-up 
insulation for panels during the reheat 
portion of the spalling test. The object 
was to devise a means of insulating the 
panels to effect a uniform heat distribu- 
tion at the interface of the panel and the 
insulation. As a result an even spalling 
takes place over the entire surface of the 
panel rather than a more or less concen- 
trated action along the center vertical 
section. The tentative revision also in- 
cludes a revised drawing of the new de- 
sign for the insulating back-up brick of 
the test panel. As no objections have 
been received since the proposed changes 
were published, the committee recom- 
mends that the tentative revision of 
Method C 38 —36 be approved for ref- 
erence to letter ballot of the Society for 
adoption as standard. 

Method of Panel Test for Resistance to 
Thermal and Structural Spalling of High 
Heat Duty Fireclay Brick (C 107 —40).— 
The tentative revision® of this method, 
published in 1940, specifies the kind of 
insulating fire brick to be used in the 
panels. The committee recommends 
that this tentative revision of Method 
C 107 — 40 be approved for reference to 
letter ballot of the Society for-adoption 
as standard. 

Method of Panel Test for Resistance to 
Thermal and Structural S palling of Super 


$1941 Sugptemant to Book of A.S.T.M. Standards, 


Part II, p. 4 


“Report or Commarrer C-8 


re 


Duty Fireclay Brick (C 122 -40).— 
tentative revision’ of this method, pub- 
lished in 1940, is the same as that recom- 
mended in Method C 107, namely, a 
description of the kind of insulating fire 
brick to be used in the panels. The 
committee recommends that the tenta- 
tive revision of Method C 122-40 be 
approved for reference to letter ballot of 
the Society for adoption as standard 


V. STANDARDS CONTINUED WITHOUT 
REVISION 


Standard Method of Test for Particle 
Size of Ground Refractory Materials 
(C 92 -36).—Modifications of this 
method have been under consideration, 
and suggestions which have been made 
are being incorporated. Many of the 
changes are editorial in nature but sev- 
eral have to do with changes in sub- 
stance, and, consequently, it will be 
necessary to issue the new draft as a 
tentative method. The revision will 
point out the usefulness of the dry 
method of sieve analysis. Reconsidera- 
tion is being given to the size of samples 
to be used and to features of technique. 
A separate section will deal with the 
determination of moisture in the samples 
for sieve analysis and samples of cold-set 
mortar, plastic refractories, wet mixes, 
etc. The committee expects to present 
the new draft for approval at the next 
meeting. It is recommended, therefore, 
that this standard be continued until the 
revised procedure is issued. 

Standard Method of Test for Permanent 
Linear Change After Reheating of Refrac- 
tory Brick (C113-36).—It is recom- 
mended that this method be continued 
as standard without revision. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
38 members, with the results shown in 
I. 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


|Adirma-| Nega- [Marked 
rma-| Nega- 
Items tive tive “Not 
Voting” 

I. New Tentative STANDARD 
Spec. for Fireclay Plastic Re- 

fractories for Boiler Furnaces 

and Incinerator Service 29 1 3 


II. Revision OF STANDARD, 
DIATE ADOPTION 


Testing Insulating Fire Brick 
(Compressive Strength, Flex- 
ural Strength, and Perma- 
nent Linear Change After 
Heating) (C 93 - 41). : 32 0 1 


Ill. Apoption oF TENTATIVE 
STANDARD AS STANDARD 


Def. of Terms Relating to Re- 
fractories (Abrasion, Burn- 
ing, Corrosion, Erosion, and 
Slagging) (C71-40T)..... 28 0 3 


IV. Apoption as STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


Test for Pyrometric Cone 
Equivalent of Refractory 
Materials (C 24 - 35) oh 8 0 i 

Panel Test for Resistance to 
Thermal and Structural 
Spalling of Refractory Brick 

Panel Test for Resistance to 
Thermal and Structural 
Spalling of High Heat Duty 
Fireclay Brick (C 107-40)..; 30 0 1 

Panel Test for Resistance to 
Thermal and Structural 
Spalling of Super Duty Fire- 
clay Brick (C 30 0 1 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 
L. C. Hewitt, chairman) has the first 
draft prepared on a survey of refractory 
conditions in electric steel furnaces. 
The manuscript on refractories in the oil 
industry is being revised. Arrange- 
ments have been made for the prepara- 
tion of a survey of refractory service in 
water gas generators. 

Subcommittee II on Research (R. S. 
Bradley, chairman) has been inactive 
during the past year. 

Subcommittee III on Tests (F. A. 
Harvey, chairman) is composed of the 
chairmen of the several sections de- 
scribed below. The activities of the 
subcommittee have already been brought 
out in the foregoing recommendations on 
standards and are further amplified in 
the following discussion of the work of 


Section B on Spalling (R. E. Birch, 


chairman) recommended adoption as 


standard of tentative revisions of the — 


panel test methods for spalling, Stand- 
ards C38-36, C107-40, and 
C 122 — 40. 


A Recommended Practice for the — 
Panel Spalling Test has been prepared — 


by the Refractories Fellowship at Mellon 


Institute in cooperation with the Section — 


on Spalling. This explains in consider- ‘ 


able detail items which are not included 
in the present A.S.T.M. description of 


the test and has to do with technique, ¥5 ¢ 


procedure, and equipment. 
been sent to five laboratories that use 
panel spalling furnaces for the purpose of 


Copieshave _ 


obtaining their suggestions in the hope 
that eventually the recommended prac- 


tice will be in an approved form. 
Consideration has been given to the 
suggestion made at the Granville meet- 


ing relating to a method for determining _ 
thermal shock resistance of silica brick. 
No time has been available for labora- be 


tory study of this subject, and a review 


of the literature on the subject is being — 


made before attempting to have experi- 


mental work carried out. 


Section C on Temperature (R. B. Pri 
Sosman, chairman) has promoted co- _ 
operative studies in several research ~ 


laboratories on the use of gas-fired and 
electrically heated P.C.E. furnaces. 


Section D on Slagging (C. E. Bales, | 


chairman). A review of the literature 


since the last report was published in _ 


1932 has been prepared by the Re-— 

fractories Fellowship of Mellon Institute. - 
This will be published in the July, 1942, | 
American Ceramic 


Journal of 
Society. 


the 


Section E on Analysis (L. J. Trostel, 
chairman) is continuing its studies on 


the determination of ferrous oxide in 


chrome refractories. Mr. G. E. Seil of 


_E. J. Lavino and Co. has furnished the 
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committee with a method used in his 
laboratory. This is being tried by vari- 
ous members of the section. 

Section F on Tests on Refractory In- 
sulation (W. R. Kerr, chairman) recom- 
mended the revision of Methods C 93 — 
41, discussed earlier in this report. 

Section G on Porosity and Permanent 
Linear Change (C. E. Fulton, chairman) 
recommended the continuation of 
Standard Method C 113-36, without 
modification. 

Section H on Consistency and Plas- 
ticity (P. G. Herold, chairman) is making 
a review of the literature on the subject 
of plasticity and related methods of test. 
This survey was presented by Mr. 
Herold and Mr. W. Smothers at the 
April, 1942, meeting of the American 
Ceramic Society. 

Subcommittee IV on Heat Transfer 
(R. H. Heilman, chairman) in conference 
with M. S. Van Dusen of the National 
Bureau of Standards has been advised 
that the work being done there on a 
standard apparatus for measuring ther- 
mal conductivity of refractory materials 
has been recessed, possibly for the dura- 
tion of the war. 

Cooperative work has been in progress 
for some time in the laboratories of the 
Babcock & Wilcox Co. under the direc- 
tion of C. L. Norton, Jr., of this com- 
mittee, and in the Johns-Manville Corp. 
under the direction of C. B. Bradley, 
also of our committee. One laboratory 
used a water-flow calorimeter and the 
other the conventional heat-flow elec- 
trical method. Samples of insulating 
fire brick have been measured in both 
apparatus. Refinements in technique 
and of the apparatus resulted in obtain- 
ing checks of unusually good reproduci- 
bility. It is believed that the work has 
progressed to the point where a recom- 
mended test method will be presented at 
the fall 1942 meeting of Committee C-8. 


REPORT OF COMMITTEE C-8 


It now appears that both types of 
equipment will be suitable for deter- 
mining with good reproducibility, the 
thermal conductivity of insulating fire 
brick. The work at the Bureau of 
Standards was intended to develop a 
more precise method, but as this seems 
too far in the future, the subcommittee 
will proceed at this time on the basis of 
the work which it has done itself. 

Subcommittee V on Precision and Tol- 
erance (R. A. Heindl, chairman) has no 
report to submit this year. 

Subcommittee VI on Nomenclature (M. 
E. Holmes, chairman) has spent con- 
siderable effort in trying to bring the 
definitions of terms relating to refrac- 
tories in line with the requirements 
of Committee E-8 on Nomenclature 
and Definitions. The recommendations, 
previously outlined, with respect to 
Tentative Definitions C 71 — 40 T origi- 
nated in this subcommittee. 

Subcommittee VII on Specifications 
(G.A. Bole, chairman) presented the pro- 
posed Tentative Specification for Fire- 
clay Plastic Refractories for Boiler Fur- 
naces and Incinerator Service, mentioned 
earlier in this report. 

The subcommittee is also preparing 
specifications on cold-set mortars. A 
copy of the first draft has been sub- 
mitted to the members of the subcom- 
mittee for discussion and suggestions. 
It is expected that these specifications 
will be in shape to present at the fall 
meeting of Committee C-8 for publica- 
tion as tentative. 

Subcommittee VIII, Editorial (L. J. 
Trostel, chairman) handled all routine 
matters and is now considering the feasi- 
bility of issuing late in 1942 or early in 
1943 a new edition of the Manual of 
A.S.T.M. Standards on Refractory Ma- 
terials. The 1941 edition of 2700 copies 
is exhausted, and the Society does not 
favor a reissue since many changes in 
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standards have been made since that consists of 38 members; 36 members re- | 
ime. When the 1941 Manual was turned their ballots, all of whom have 
ssued, Committee C-8 had not expected voted affirmatively. ; 
) put out a revised edition until 1944, ) 
ut in view of the unexpected demand _ Respectfully submitted on behalf of — 
for copies it may be desirable to have an __ the committee, 
earlier edition. 
Subcommittee IX on Classifications (E. 
H. Van Schoick, chairman) hasnoreport = L. J. 


This report has been submitted to S. M. PHELPs, 
letter ballot of the committee, which Secretary. 
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REPORT OF COMMITTEE C-9 


ON 


crete Aggregates held four meetings 
contributing to this report: one in 
Chicago, IIll., on June 26, 1941; one in 
Baltimore, Md., on December 6, 1941; 
one in Cleveland, Ohio, on March 3, 
1942; and one during the 1942 annual 
meeting of the Society at Atlantic City, 
N. J. 

Arthur Newell Talbot, Honorary 
Chairman of Committee C-9, died on 
April 3 at the age of 84. Professor 
Talbot’s death represents a great loss 
to Committee C-9, to the engineering 


profession, and to the country. Few 
men have accomplished as much in the 
advancement of engineering knowledge. 
He was active to the end. 


Arthur Newell Talbot was born on Octo- 


ber 21, 1857, at Cortland, Illinois. After 
graduation from the University of Illinois 
in 1881, he went west and was for four years 
engaged in railroad location, construction 
and maintenance. In 1885 he returned to 
the University and in 1890 was made Pro- 
fessor of Municipal and Sanitary Engineer- 
ing, in charge of Theoretical and Applied 
Mechanics. He continued in this position 
until September, 1926, when he reached the 
age limit established by the University, at 
which time he retired from teaching and 
administration and was made Professor of 
Municipal and Sanitary Engineering, 
Emeritus. 

Before the turn of the century Professor 
Talbot had made contributions to the engi- 
neering profession in hydrology, railway 
engineering, sanitary engineering, and test- 


ing materials which brought him distinction. 
In 1903 he started comprehensive investiga- 
tions of reinforced concrete which were 
continued for many years. The conception 
of relations existing between the strength 
of a concrete mixture and items involving 
the absolute volumes of the ingredients, 
submitted in a paper! in 1921, stands as a 
classic on the theory of concrete mixtures. 
His most recent notable activity, begun in 
1914 and continued until his death, involved 
a study of stresses in railroad track which 
has contributed greatly to comfort and 
safety of travel in high-speed trains. 

Professor Talbot exercised a far-reaching 
influence on engineering -developments 
through committee activity in engineering 
societies. He took a leading part in the 
work of the first Joint Committee on Con- 
crete and Reinforced Concrete (1904-1916). 
He was active in the American Society for 
Testing Materials from its beginning in 
1898. Heserved as President of the Society 
for the year 1913-1914. He was a member 
of Committee C-9 since its organization in 
1914 and was elected Honorary Chairman 
in 1936. 

Professor Talbot was a member of numer- 
ous organizations and his work was recog- 
nized by honorary memberships in many 
of them, including the American Society for 
Testing Materials, and by numerous medals 
and awards, including the John Fritz Medal 


by the United Engineering Societies. ce j 


1 A. N. Talbot, “A Proposed Method of Estimating 
Density and Strength of Concrete and of Proportioni 
Materials by the Experimental and Analytical Consii = 
tion of the Voids in Mortar and Concrete,” 
Am. Soc. Testing Mats., Vol. 21, p. 940 (1921). 
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Sanford E. Thompson Award.—The 
Sanford E. Thompson Award for a 
paper of outstanding merit on concrete 
and concrete aggregates presented at an 
annual meeting of the Society will be 
made this year to John Tucker, Jr., 
for his paper on “Statistical Theory of 
the Effect of Dimensions and of Method 
of Loading Upon the Modulus of Rup- 
ture of Beams,’” which was presented 
at the 1941 annual meeting of the Soci- 
ety. This is the third Sanford E. 
Thompson Award, previous ones having 
been made to W. T. Thomson for his 
paper on “A Method of Measuring 
Thermal Diffusivity and Conductivity 
of Stone and Concrete’* presented at 
the 1940 annual meeting and to T. F. 
Willis and M. E. DeReus for their 
paper on “Thermal Volume Change and 
Elasticity of Aggregates and Their 
Effect on Concrete’”® presented at the 
1939 annual meeting. 

Significance of Tests——The Report 
on Significance of Tests of Concrete and 
Concrete Aggregates, first published 
in 1935, is in the process of being re- 
vised under the direction of a special 
committee of which R. W. Crum is chair- 
man. In most cases the revised chap- 
ters are being brought up to date by the 
original authors. The revised sym- 
posium is expected to be ready for pub- 
lication early this fall and will include 
the following papers: 


Introduction 

Compressive Strength of Concrete, by “a 
Lyse as revised by R. R. Litehiser 

Tensile and Flexural Strengths of Concrete, by 
A. T. Goldbeck 

Shearing and Torsional Strengths of Concrete, 
by F. E. Richart 

Elastic Properties of Concrete, by L. W. Teller 

Durability of Concrete, by C. H. Scholer 

Wear Resistance of Concrete, by L. H. Tuthill 
and R. F. Blanks 


2 Proceedings, Am. Soc. Testing Mats., Vol. 41, p. 
1078 (1941). 

* Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 1073 
(1940), and Vol. 39, p. 919 (1939). 


On CONCRETE AND CONCRETE AGGREGATES 


_ Tentative Revisions of Standard: 


Workability of Concrete, by T. C. Powers Wie 
Volume Changes of Concrete,byR.E.Davisand 
J. W. Kelly 


Cement Content of Hardened Concrete, by — gt 


H. F. Kriege 
Uniformity of Concrete, by R. L. Bertin 


Permeability and Absorption of Concrete, by : Me 


M. O. Withey 2 
Density and Unit Weight of Concrete,by M.A. 

‘Swayze 
Tests for Curing Concrete, by W. F. Keller- _ 

mann 


Tests for Size, Shape, Surface Texture, and He : 
Grading of Aggregates, by H. J. Gilkey er AS 
Specific Gravity, Unit Weight and Voids of 


Aggregates, by Fred Hubbard 
Soundness of Aggregates, by Stanton Walker 
Abrasion of Aggregates, by H. F. Clemmer 
Free Moisture and Absorption of Aggregates, 
by Bert Myers 
Deleterious Substances, by F. C. Lang ; 
Mortar Strength of Fine Aggregate, by F. H. 
Jackson 
Mineral Composition of Aggregates, by H. F. ee 
Kriege 
The Numbers of Specimens or Tests of Concrete 
and Concrete Aggregates Required for Rea- 
sonable Accuracy of the Average, by R. W. | 
Crum and H. W. Leavitt 


Subsequent to the 1941 annual meet- __ 
ing, Committee C-9 presented to the 
Society through Committee E-10 on _ 
Standards the following recommenda- _ 
tions: 


Revision of Tentative Method of Test for: 


Soundness of Aggregates by Use of Sodium Sul- os 
fate or Magnesium Sulfate (C 88 -— 39 T), 


Specifications for Lightweight Aggregate for 
Concrete (C 130 — 39), a 

Method of Making and Storing Compression re 
Test Specimens of Concrete in the Field (C 
31 - 39), 

Method of Test for Compressive Strength of = 
Concrete (C 39 — 39), 

Method of Securing Specimens of Hardened a 
crete from the Structure (C 42 — 39), 

Method of Test for Compressive Strength of 
Concrete Portions of Beams Broken 


39), 

Method of Test for Specific Gravity and Ab. ; 
sorption of Coarse Aggregate (C 127 — 39), 
an 
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REPORT OF 


Method of Test for Specific Gravity and Absorp- 

tion of Fine Aggregate (C 128 — 39). 

These recommendations were ac- 
cepted‘ by Committee E-10 on August 
25, 1941, and appear in the 1941 Supple- 
ment to Book of A.S.T.M. Standards, 
Part II. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following new specifications and methods 
be accepted for publication as tentative, 
as appended hereto.® 


Tentative Specifications for: 

Waterproof Paper for Curing Concrete, and 

Tentative Methods of: 

Sampling Fresh Concrete, 

Measuring the Length of Drilled Concrete 
Cores, and 

Test for Air Content of Freshly Mixed Concrete. 


II. REVISION oF TENTATIVE STANDARDS 


The committee recommends that the 
Tentative Specifications for Ready 
Mixed Concrete (C 94-41 T)® be re- 
vised as indicated below and continued 
as tentative. The changes for the most 
part are of an editorial nature and reflect 
suggestions resulting from the publica- 
tion of these tentative specifications 
which were issued last year as a tentative 
revision of the Standard Specifications 
for Ready Mixed Concrete (C 94 — 38) 
which latter standard is recommended 
for withdrawal later in this report. 

Section 2.—Change the title of this 
section from “Definitions” to read 
“Description of Terms.” 


4 In submitting these recommendations to Committee 
E-10 on Standards, Committee C-9 reported the following 
results of the letter ballot vote of 61 ballots returned from 
a membership of 74: C 88, affirmative 50, negative 1, bal- 
lots marked ‘‘not voting” 10; C 130, affirmative 57, nega- 
tive 1, ballots marked “‘not voting’”’ 3; C 31, C 39, C 42, 
and C 116, affirmative 60, negative 0, baliots marked ‘‘not 
voting” 1; C 127, affirmative 58, negative 2, ballots marked 
“not voting” 1; C 128, affirmative 59, negative 1, ballots 
marked “not voting” 1. 

’ These specifications and methods were accepted as 
tentative by the Society and appear in the 1942 k of 
A.S.T.M. Standards, Part II, pp. 1214, 1202, 1207, 1203, 
respectively. 

* 1941 Supplement to Book o' 
Il, p. 321. : 


Change this section from its present 
form: namely, 


2. (a) Ready Mixed Concrete—The term 
ready mixed concrete is used to describe mixed 
concrete (either central mixed or transit mixed) 
delivered in a plastic state to the site of the 
work ready for use. 

(b) Central Mixed Concrete.—The term cen- 
tral mixed concrete is used to describe ready 
mixed concrete for which the required mixing is 
done at a central mixing plant. 

(c) Shrink Mixed Concrete-——The term shrink 
mixed concrete is used to describe ready mixed 
concrete that has been partially mixed at a 
central mixing plant and the mixing completed 
in a truck mixer. 

(d) Transit Mixed Concrete. —The term 
transit mixed concrete is used to describe 
ready mixed concrete mixed in a truck mixer. 


to read as follows: 


2. (a) Ready-mixed concrete is central-mixed 
concrete or transit-mixed concrete transported 
and delivered in a plastic and unhardened state 
ready for placement in the work. 

(b) Central-mixed concrete is ready-mixed 
concrete for which the required mixing is done at 
a central-mixing plant. 

(c) Shrink-mixed concrete is ready-mixed 
concrete that has been partially mixed at a 
central-mixing plant and the mixing completed 
in the truck mixer. 

(d) Transit-mixed concrete is ready-mixed 
concrete mixed in a truck mixer. 


Section 12 (d).—Change to read as 
follows by the omission of the words in 
brackets: 


(d) The concrete shall be considered as con- 
forming to the requirements of these specifica- 
tions if the average strength of the specimens 
cut from the structure is equal to or greater 
than the specified strength [and at least 90 per 
cent of all tests are equal to or greater than 90 
per cent of the specified strength]. 


Footnote 6.—Indicate the paragraph 
marked with an asterisk as Paragraph 
(d), relettering the present Paragraph 
(d) as (e). 

Footnote 7.—Omit the last sentence 
which reads as follows: 


At least 90 per cent of all strength tests should 
be equal to or greater than 90 per cent of the 


strength specified. 
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Insert a new Footnote 8 to refer to 
Section 10 (a) and Section 12 (d) to 
read as follows and renumber the sub- 
sequent footnotes accordingly: 


® It is desirable that at least 90 per cent of all 
strength tests be equal to or greater than 90 per 
cent of the strength specified. However, 
attention is directed to the fact that such a re- 
quirement is impracticably rigid unless a con- 
siderable number of specimens are involved— 
probably not less than about 20. 


The committee recommends that the 
Tentative Definitions of Terms Relat- 
ing to Concrete and Concrete Aggre- 
gates (C 125-36 T)’ be revised by the 
inclusion of new definitions for “flat 
piece,” “elongated piece,” ‘“‘water-ce- 
ment ratio,”’ and a revised definition of 
“blast furnace slag.” The new and 
revised definitions are as follows: 


Flat Piece——In the case of concrete aggre- 
gate, one in which the ratio of the width to 
thickness of its circumscribing* rectangular 
prism is greater than a specified value. 

Elongated Piece—In the case of concrete 
aggregate, one in which the ratio of the length 
to width of its circumscribing rectangular prism 
is greater than a specified value. 

Water Cement Ratio—The ratio of the 
amount of water, exclusive only of that absorbed 
by the aggregates, to the amount of cement in a 
concrete mixture. This ratio is variously 
stated as follows: (1) by bulk volume of cement 
(assuming cement to weigh 94 Ib. per cu. ft.); 
(2) by absolute volume of cement; (3) by weight; 
and (4) in terms of gallons of water per 94 lb. 
sack of cement. 

Blast Furnace Slag.—The nonmetallic product 
consisting essentially of silicates and alumino- 
silicates of lime, and of other bases, which is 
developed simultaneously with iron in a blast 
furnace. 


III. Revisions or STANDARDS, IMME- 
DIATE ADOPTION 


The committee recommends for imme- 
diate adoption, revisions in the following 
standards and accordingly asks for a fa- 
vorable nine-tenths vote at the annual 
meeting in order that these modifications 


7 1939 Book of A.S.T.M. Standards, Part II, p. 996. 


On CONCRETE AND CONCRETE AGGREGATES 


may be referred to letter ballot of the — 


Society: 
Standard Specifications for Concrete Ag- 
gregates (C 33 — 40):° 


Section 3 (a).—Change the maximum Mite 


permissible limit on material finer than 
a No. 200 sieve for aggregate used in — 
concrete subject to surface abrasion from _ 
“*3 per cent” to read ‘‘4 per cent.” 

The above change in Section 3 (a) 
and those recommended for inclusion in 
the specification with the adoption of the 


tentative revision of Section 4 (a) of 
Specifications C 33-40 have been made 


to bring this A.S.T.M. standard in line 


with what appears to be a well defined 
trend in requirements for fine aggregate, 
dictated, in a large measure, by use of = —— 


leaner mixtures and more finely ground © 
cements. The revision corresponds with 
action taken by other specification writ- 
ing bodies such as the Federal Specifica- 
tions Executive Committee and the 
American Association of State Highway — 
Officials. 
Standard Method of Making and Storing — 


Compression Test Specimens of Con- se 


crete in the Field (C 31 — 39):° 


Section 5.—Change from its present —_ 


form to read as follows: 


5. Samples of concrete for test specimens 
shall be taken in accordance with the Tentative _ 
Method of Sampling Fresh Concrete (A.S.T.M. — 
Designation: C 172) of the American Society | 
for Testing Materials.!° 
work of the batch of concrete thus sampled 
shall be noted for further reference. 


Standard Method of Test for Cement Con- 
tent of Hardened Portland-Cement Con- 


crete (C 85 — 36): 


Section 4 (b).—Change the last sen- a 
tence of this section to read as follows by 


the addition of the italicized words and 
the omission of those in brackets: 


$1940 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 84. 
* 1939 Book of A.S.T.M. Standards, Part II, p. 324. 


10 1942 Book of A.S.T.M. Standards, Part Ii, p. 1202. 


11 1939 Book of A.S.T.M. Standards, Part II, p. 322. 


The location in the _ 


| 
= 


Determine the silica present in the sample by 
treatment with HF and H,SQ, [or by fusion with 
NaHSO,] in accordance with the procedure given 
in Section 6 of the Standard Methods of Chemical 
Analysis of Portland Cement (A.S.T.M. Desig- 
nation: C 114-40) of the American Society for 
Testing Materials. 


Section 4 (c).—Renumber as Section 
5 with the title “Correction Factors” 
and change to read as follows by the 
addition of the italicized word; also 
renumber the present Section 5 as 6: 


5. When the aggregates are available which 
were used in the concrete being analyzed, a 
blank test shall be run on these aggregates to 
determine their content of silica, soluble under 
the conditions of the above test. This content 
of soluble silica shall then be used as a correction 
factor and be subtracted from the total soluble 
silica found in the concrete, the difference being 
due to the cement contained in the specimen. 


Standard Method of Test for Unit Weight 

of Aggregate (C 29 — 39): 

Section 2 (c).—In the table of dimen- 
sional requirements for the cylindrical 
measure, change the minimum thick- 
ness of metal, U. S. gage from “‘ No. 11” 
to indicate thickness of metal, U. S. gage 

s “No. 10 to No. 12” for all three 
capacities. 


VI. ApopTion AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS Hast 


ae The committee recommends that the 
tentative revision submitted in June, 
1941 in the Standard Specifications for 
Concrete Aggregates (C 33 — 40)* which 
provides for a change in Section 4 (a) 
be approved for reference to letter ballot 
of the Society for adoption as standard. 
The 1941 revision as well as Section 4 (a) 
of Standard C 33 — 40, requires the fine 
aggregate to be so graded that from 5 
to 30 per cent shall pass a No. 50 sieve 
and from 0 to 8 per cent shall pass a No. 


12 1939 Book of A.S.T.M. Standards, Part Th, p. 208 
to Book of A.S.T.M tandards, 


p. 424. 


> 


It is now recommended that 


100 sieve. 
these limitations be changed to read as 
follows: 
Sieve Percentage Passing 
No. 50 (297-micron). aA . 10 to 30 
No. 100 (149-micron)........... 2 to 10 


It is further recommended that the 
following qualifying notes be added 
immediately after the table of fine aggre- 
gate grading requirements, renumbering 
the present note as Note 3: 


Nore 1.—At the approval of the Engineer, 
when the fine aggregate is to be used in concrete 
mixtures containing five (5) or more bags of 
cement per cubic yard, the limitations on the 
No. 50 and No. 100 sieves may be 5 to 30and 0 
to 10 per cent, respectively. 

Nore 2.—Fine aggregate failing to pass the 
minimum requirements for the material passing 
the No. 50 and/or No. 100 sieve may be used 
provided a satisfactory inorganic fine material 
is added to correct for the difference in grading. 


The committee recommends that the 
tentative revision’* submitted in June, 
1940 in the Standard Method of Test 
for Compressive Strength of Concrete 
(C 39 — 39) which provides for a change 
in Section 15 pertaining to storage of 
test specimens be approved for refer- 


ence to letter ballot of the Society for 


adoption as standard with a minor 
change in the second sentence substitut- 
ing the words “free water’ for “free 
moisture.” 

The committee also recommends that 
the tentative revisions of the following 
seven specifications and methods be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard: 


Standard Specifications for: 

Lightweight Aggregates for Concrete (C 130 - 
39) 

Standard Methods of: 


Making and Storing Compression Test Speci- 
mens of Concrete in the Field (C 31 — 39), 


% 1939 Book of A 
16 1939 Book of A 


S.T.M. Standards, Part II, p. 328. 
STM. Standards, Part Ii, pp. 285, 
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On CONCRETE AND CONCRETE AGGREGATES 


Securing Specimens of Hardened Concrete from 
the Structure (C 42 39),% 

Test for Structural Strength of Fine Aggregate 
Using Constant Water-Cement Ratio Mortar 
(C 87 — 39),% 

Test for Compressive Strength of Concrete Using 
Portions of Beams Broken in Flexure (Modi- 
fied Cube Method) (C 116 — 39),* 

Test for Specific Gravity and Absorption of 
Coarse Aggregate (C 127 - 39), and 

Test for Specific Gravity and Absorption of 
Fine Aggregate (C 128 — 39). 


V. WITHDRAWAL OF STANDARDS 


The committee recommends that the 
Standard Specifications for Ready-Mixed 
Concrete (C 94-38)" be withdrawn 
and replaced by the Tentative Specifica- 
tions C 94-41 T, revised as indicated 
earlier in the report. 

The committee also recommends that 
the Standard Method of Test for Voids 
in Inundated Fine Aggregate (C 69 - 
30)"7 be withdrawn because it no longer 
represents a standard applicable in 
practice for the testing of concrete aggre- 
gates. 


VI. TENTATIVE STANDARDS 
CONTINUED AS TENTATIVE 


The committee recommends that the 
following methods of test be continued 
Tentative Methods of Test for: 
Soundness of Aggregates by Freezing and 

Thawing (C 137 - 38 T), 

Efficiency of Materials for Curing Concrete 

(C 156 - 40 T), and 
Volume Change for Cement Mortar and Con- 

crete (C 157 - 40 T). 


VII. Eprrorrat CHANGE IN 
STANDARD 


The following footnote reference in 
connection with Section 12 on Molds for 
Test Specimens in the Standard Method 
of Test for Compressive Strength of 
Concrete (C 39-39) is recommended as 
an editorial change: 


n1 17 1939 Book of A.S.T.M. Standards, Part II, pp. wea! brief - descriptions of a sampling pro- 


For a more complete description of the mold 
reference may be made to Section 3 of the 
Standard Method of Making and Storing Com- 
pression Test Specimens of Concrete in the 
Field (A.S.T.M. Designation: C31) of the 
American Society for Testing Materials. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 72 members with the results shown 


in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee V, Editorial and Defini- 
tions (C. M. Chapman, chairman).— 
This subcommittee is giving considera- 
tion to the formulation of other defini- 
tions applying to concrete and concrete 
aggregate including such terms as “‘cur- 
ing,” “silt,” ‘crushed gravel,” and 
“permeability.” 

Subcommitiee VI on Relation of Char- 
acteristics of Materials and Mixtures to 
Properties of Concrete (H. J. Gilkey, 
chairman).—The scope of work of this 
subcommittee is sufficiently general to 
permit it to undertake almost any 
problem within the field of Committee 
C-9 which is not readily classified. An 
important assignment before it at the 
present time has to do with a study of 
chemical reactions between aggregates 
and alkalies. 

Subcommitiee VII on Methods and 
Apparatus for Testing Concrete (A. T. 
Goldbeck, chairman).—This subcommit- 
tee has been quite active as is indicated 
by the three new methods completed 
this year and the several recommenda- 
tions and revisions in existing methods 
as mentioned earlier in this report. 

The new Proposed Tentative Method 
of Sampling Fresh Concrete was pre- 
pared as a result of a request that a 
standard sampling procedure for con- 
crete be formulated. While certain 
of the present test methods contain 
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Items 


Negative 


I. New Tentative STANDARDS 
Spec. for Waterproof Paper for Curing Concrete 
Sampling Fresh Concrete 
Measuring Length of Drilled Concrete Cores.... 
Test for Air Content of Freshly Mixed Concrete 


II. Revisions OF TENTATIVE STANDARDS 


Spec. for Ready Mixed Concrete (C 94 - 41 T).. 


Def. of Terms Relating to Concrete and Concrete Aggregates (Cc 125 - 


Flat piece..... 
Elongated piece 


Water cement ratio 
Blast furnace slag 


III. Revisions or STANDARDS, ImmEDIATE ADOPTION 


Spec. for Concrete regates (C 33 — 40).. 
Making and Storing 
(C 31 - 39).. 


Test for Cement Content of Hardened Portland-Cement Concrete «€ “85 


— 36) 
Test for Unit Weight of Aggregate (C 29 - 39) 


IV. ApopTion AS STANDARD OF TENTATIVE REVISION OF STANDARD 
Spec. for Concrete Aggregates (C 33 - 40)................. ; 
Spec. for Lightweight Aggregates for Concrete (C 130 — 39) 

aking and Storing Compression Test Specimens of Concrete in the Field 


C 31 - 39) 
Test for Compressive Strength of Concrete (C 39 - 39) 


Securing Specimens of Hardened Concrete from the Structure (C 42 - 39). 
Test for Structural wey of Fine Aggregate Using Constant Water- 


Cement Ratio Mortar 87 — 39) 


Test for Comporasive Strength ot Concrete Using eens of Beams 
39) 


Broken in Flexure (Modified Cube Method) (C 116 - 


Test for Specific Gravity and Absorption of Fine Aggregate (C 127 — 39). 
Test for Specific Gravity and Absorption of Fine Aggregate ( 


V. WITHDRAWAL OF 


S for Ready Mixed Concrete (C 94 - 
Test for Voids in Inundated Fine Pants (C 69 - 30)... 


ompression Test Specimens of Concrete in the Field 


ao 


wm ooo 


128 — 39).. 


cedure there has been a need for a more 
detailed method. The procuring of a 
proper sample has a very important 
bearing on test results and it seemed 
highly desirable that the method of 
sampling should be described in sufficient 
detail to insure that a representative 
sample is obtained in an adequate man- 
ner. 

This subcommittee also completed 
the Proposed Tentative Method of 
Test for Air Content of Fresh Concrete. 
The measurement of air contained in 
fresh concrete is an important problem 
because the air content affects the vol- 
ume of concrete produced with a given 
quantity of the respective materials. 
Certain grinding aids in the production 
of portland cement seem to produce a 


large volume of void space in the con- 
crete and when these cements are used, 
that void space becomes a very sig- 
nificant property of the concrete and, 
hence, a method for determining it be- 
comes essential. 

In support of the Proposed Tentative 
Method of Test for Length of Drilled 
Concrete Cores there is presented a 
project report prepared by L. W. 
Teller which appears in the Appendix. 

It now has before it for consideration 
a proposed procedure for measuring the 
relative rate of bleeding, or water gain, 
of freshly mixed concrete. It also has 
on its agenda the development of a 
specification for rate of loading of con- 
crete test specimens. 

Subcommittee VIII on oe of 
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Concrete.—A method of test for measure- 
ment of permeability of concrete is 
being prepared by this subcommittee. 

Subcommitiee IX on Specifications 
and Methods of Tests of Aggregates (H. 
F. Clemmer, chairman).—This subcom- 
mittee is now considering a complete 
revision of the Standard Method of 
Test for Surface Moisture in Fine 
Aggregate (C 70-30). The principal 
purpose of the revision is to provide 
more flexibility in the type of equipment 
used to conduct the test. Other projects 
are the development of specifications 
for fine aggregates resulting from the 
crushing of stone, slag, or gravel and 
the development of a suitable test pro- 
cedure for identifying soft particles in 
aggregates. 

Subcommittee XI on Evaluation of 
Data (H. W. Leavitt, Chairman).— 
Studies of number of samples and test 
results required to furnish reliable data 
are being continued. 

Subcommittee XIII on Curing of Con- 
crete (W. F. Kellermann, chairman).— 
This subcommittee prepared the Pro- 
posed Tentative Specifications for 
Waterproof Paper for Curing Portland 
Cement Concrete mentioned earlier in 
this report. Waterproof paper has been 
used for curing for a number of years 
without complete specifications or tests 
to determine its suitability for this pur- 
pose having been standardized. It was 
for this reason that the subcommittee 
undertook the preparation of these 
specifications which provide require- 
ments for waterproof paper having 
the desired properties for curing con- 
crete. These proposed specifications 
have been reviewed and approved by 
Committee D-6 on Paper and Paper 
Products. 

Subcommittee XIV on Workability of 
Concrete (F. R. McMillan, chairman).— 
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Studies are being made of the workability 
of concrete and methods for measure- 
ment of that property. 

Subcommitiee XVI on Elasticity and 
Volume Changes of Concrete (L. W. | 
Teller, chairman).—This subcommittee 
has been developing further information 
on volume changes of concrete. 

Subcommitiee XVII on Conditions Ase 
A ffecting Durability of Concrete in Struc- 
tures (C. H. Scholer, chairman).—A 
review has been made of recent work 
relating to durability of concrete as ie 
well as an investigation of the causes of 
concrete failures. 

Subcommittee XVIII on Ready-Mixed 
Concrete. (R.B. Young, Chairman)— | 
This subcommittee is continuing as its ; 
principal activity a careful scrutiny of 
specifications for ready-mixed concrete — 
and their utility in controlling the — 
quality of that product. Itis now en- 
gaged in developing a measure of ade- 
quate uniformity of acceptance tests of 
ready mixed concrete. 


The election of officers for the ensuing eee: 

term of two years resulted in the selec- 

tion of the following: ; 
Chairman, F. H. Jackson. 
Vice-Chairman, F. E. Richart. 
Secretary, Stanton Walker. 


w 


r 


This report has been submitted to __ 
letter ballot of the committee which — 
consists of 72 members; 56 members — 
returned their ballots, all of whom have 


voted affirmatively. 
Respectfully submitted on behalf of 
the committee, yee 


F. H. JAcKson, 
Chairma 


STANTON WALKER, 
Secretary. 
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EprroriAt Note 


Subsequent to the annual meeting, Committee C-9 recommended to Commit- | 
tee E-10 on Standards that the following A.S.T.M. standards relating tocuring 


Standard Specifications for: 
Curing Portland-Cement Concrete (C 80-34), 


Standard Methods of: 
es. sonia Curing Portland-Cement Concrete Slabs with Bituminous Coverings (C 81 
36), 
Curing Portland-Cement Concrete with Calcium Chloride Admixtur 
(C 82-38), 
Curing Portland-Cement Concrete Slabs by Surface Application of Calcium 
Chloride (C 83-38), and 
Curing Portland-Cement Concrete Slabs with Wet Coverings (C 84 — 36). ae 


: es This recommendation was accepted by Committee E-10 on August 24, 1942, 
and the standards have accordingly been discontinued. 
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PROJECT REPORT ON A STUDY OF METHODS OF MEASUREMENT OF 
THE LENGTH OF CORES DRILLED FROM CONCRETE 
STRUCTURES 


REPORT OF SUBCOMMITTEE VII ON METHODS AND APPARATUS FOR TESTING ~~ 


A number of years ago Committee C-9 
on Concrete and Concrete Aggregates 
undertook the development of a method 
by which the length of cores drilled from 
concrete structures could be determined. 
The determination of core length is im- 
portant when the measurement is used 
to determine whether or not a concrete 
slab or other structure has been built 
to the specified depth or thickness. It 
is common practice, for example, to test 
the depth of completed concrete pave- 
ment slabs by measuring the length of 
cores drilled from them. Since under 
some specifications the contractor may 
be subjected to penalties if the slab is 
found to be deficient in thickness, it is 
apparent that the measurement ob- 
tained from the core must truly represent 
the thickness of the slab or structural 
member from which the core was drilled. 

On first thought it might appear that 
the problem is very simple; that the 
length of a right cylinder taken from a 
plate or slab could have but one length, 
which would necessarily be the thickness 
of the plate. Practically, however, the 
ends of a core are seldom, if ever, smooth 
planes at right angles to the axis of the 
cylinder. In the case of a concrete pave- 
ment, the lower surface of the slab is not 
perfectly smooth because it is cast in 
contact with moist earth which deforms 
as the fresh concrete is deposited and 


1 Senior 


: ineer of Tests, Public Roads Administra- 
tion, Federal 


orks ‘Washington, D.C 


CONCRETE 


PREPARED BY L. W. 


manipulated, while the upper surface 
may be deliberately roughened to pro- Pak 
vide a skid-resistant texture. Further- 


more, a core drilled from a concrete _ 
pavement may have its lower end al- — eS 


tered by spalling, which frequently oc- a ; 
curs as the bit breaks through the pave- _ he 
ment slab at the completion of the drill- 
ing operation. Any portion of the end ines me 
area which is not part of the original eit 
surface of the slab obviously should be | 
avoided in making length measurements. _ 
Thus, the ends of the core may not be 
smooth, may not be plane, and may 
contain areas that are not usable for the _ i ; 
purpose of measurement. 
It must be recognized also that, as in ¥ 
any other length determination, no two 
measurements will give exactly thesame 
result. Anessential step inthe develop- 
ment of the method of measurement is, 
therefore, a decision as to the degree of eS iy 
precision that is necessary or desirable 
in the length determination. Once this 
tolerance of measurement is established, _ 
the problem is one of finding a method a 
that will determine in a fair and iam 
table manner the distance between the poe: 
original surfaces which formed the core ns 
ends and that will at the same time _ 


consistently remain within the tolerance. oh 
> 


Survey of State Highway Methods: 


As a first step in the study, a question- . 
haire was sent to 24 highway depart- ge 
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method which each used for determining 
core length and an estimate of the ac- 
curacy of length determination obtained 
by the method. The cooperation ob- 
tained from these departments was very 
gratifying and from the information re- 
ceived certain significant generalizations 
may be drawn, as follows: 

1. The measuring method that has 
been generally adopted is a direct 
calipering procedure of some sort. 

2. The number of points on the core 
end used in the length determination 
varies from 1 to 10 or more. 

3. The type of apparatus varies widely 
in mechanical design. (Several designs 
illustrating the range in methods used by 
state highway departments are shown in 
Fig. 1.) 

4. The estimates of accuracy of length 
determination varied from 0.01 to 
0.125 in. 


Laboratory Studies: 


In addition to the survey of the meas- 
uring methods being used by state 
highway laboratories, certain studies 
were undertaken in the laboratory of 
the Public Roads Administration. It 
seemed desirable to investigate rather 
thoroughly the possibilities of direct 
calipering methods, particularly to deter- 
mine how the indicated length of a core 
might be affected by the number and 
position of the points selected for meas- 
urement. 

For this laboratory study a special 
measuring apparatus was designed. 
This device consists of a base, in the 
center of which is a rotatable specimen 
table that can be locked in any one of 
eight positions 45 deg. apart, a rigid 
but adjustable frame supported by the 
base and establishing a measuring datum 

a known distance above the specimen, 

id a graduated rod with a rounded tip 
which can be placed at any one of nine 
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positions with respect to the axis of the 
core and which measures the distance 
from the datum plate to the end surface 
of the core. 

The specimen is actually supported by 
three rounded steel studs fixed in the 
specimen table. The overhead datum 
plate can be raised or lowered and locked 
into grooves placed 1 in. apart on the 
supporting columns to accommodate 
specimens of various lengths. The nine 
holes in the datum plate are arranged 
in a simple spiral pattern and provide 
a center position and eight others on 
radii 45 deg. apart and separated by 
equal radial increments of 3s in., mak- 
ing the outermost position 2} in. from 
the center or axis of rotation of the core. 
The measuring rod is graduated in tenths 
of inches and in use is read to hundredths 
by estimation. The details of the de- 
vice are shown in Fig. 2. Before any: 
cores were measured, the various possi- 
bilities for error in the device itself were 
investigated and, where necessary, cor- 
rection factors were determined, to be 
applied later in the core length measure- 
ments. 

The specimens used for the study com- 
prised approximately 100 cores that hap- 
pened to be available in the laboratory 
at the time. These cores had been 
drilled from pavements in Ohio and 
Texas and included various mixes, pave- 
ment depths, methods of consolidation, 
etc. The general appearance of a repre- 
sentative group of the specimens is shown 
in Fig. 3. It is believed that these 
specimens as a whole are fairly typical 
of those obtained generally from con- 
crete pavements with the shot type of 
core drill. 

Each core was placed on the three 
rounded supporting studs on the table 
of the measuring device, with the pave- 
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ment-surface end down. Its position 
was adjusted until the upper end of the 
core was centered under the central 
hole in the datum plate. 

Nine measurements were made with 
the graduated measuring rod, one meas- 
urement for each hole or position in the 
datum plate. The core was then rotated 
in 45-deg. increments, and for each of 
the eight increments nine measurements 
were made with the graduated rod. For 
each core, 72 observations were obtained 
by this procedure, eight of which were 
repetitions of the mid-point or central 
point measurement. While, theoret- 
ically, the eight repetitions of the meas- 
urement at the central position should 
give identical values, actually this is not 
always the case. In Table I the maxi- 
mum variation in the eiglt length 
observations at the central position for 
each of 129 sets of core measurements 
are summarized. 


TABLE I.—-MAXIMUM VARIATION IN EIGHT - 
REPETITIONS OF MID-POINT LENGTH 
MEASUREMENTS. 
Number of 
» 
Indicated 
Variation, in. Variation 
65 
0.05... 
0.06... ah 
1 


It is apparent that in most cases the 
variation was quite small, yet occa- 
sionally some local abnormality existed 
in the central region that caused an ap- 
preciable variation in the indicated core 
length as the core was revolved through 
the eight positions. Usually this was 


hates observed to be a projecting bit of ag- 
ert gregate or an irregular depression. It 
ge * should be noted that the maximum 


variation values i in this table apply only 
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to the eight presumably identical meas- 
urements at the center of one specimen 
and do not indicate the accuracy of the 
mid-point measurement as related to the 
real length of the core. 


Analysis of Data: 


Having obtained the complete length 
measurement data on 102 cores in the 
manner described above, it was possible 
to compare the indicated core lengths 
for a range of numbers of measurements 
and for a variety of measuring point 
patterns and it seemed that the relation 
between numbers of measurements and 
accuracy of length determination could 
best be developed by statistical analysis 
methods. The matter was discussed 
with H. W. Leavitt, chairman of 
Subcommittee XI on Evaluation of 
Data, who volunteered to undertake the 
analysis as a subcommittee project. 
The work has been completed and the 
analysis has been described in some 
detail in a report by Subcommittee XI.? 

The data obtained with the core meas- 
uring device may be considered as ob- 
servations in a series of nine concentric 
circles with radii varying in increments 
of #s in. from 0 to 23 in. 

It was mentioned earlier that when the 
core drill bit breaks through, at the con- 


clusion of the drilling operation, some eae 
spalling around the edges of the lower — 


end of the core is likely to occur. In 
the. measuring procedure described 


above, the core is inverted and the 


spalled edges are up. For this reason, 
measurements near the circumference of 
the end area are open to question. In 
the analysis of the data, comparisons 
were made between the variations within 
the several concentric circles of measure- 


ment and the variation among the means | 
of these circles of measurement, it being _ 
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between circles should not be signifi- 
cantly different from the variation 
within circles. When this criterion was 


applied to the data it was found that, 


in the case of the Ohio cores, the meas- 
urements from the five inner circles and, 
in the case of the Texas cores, those 
from the four inner circles were within 
the tolerance. 

This significant result indicates that, 
in general, when measuring cores of this 
size (nominal diameter 6 in.) the points 
of measurement should be confined to a 
central area having a diameter of about 
24 in. This suggests that the require- 
ments for a method of measurement 
_ should delimit the area in which the 
- length measurements are made, prefer- 
ably by subtracting from the actual 
radius of the specimen some constant 
that would eliminate the area affected 
by spalling and using the remainder as 
the radius of the area in which the meas- 
urements may be made. 


If a decision can be made as to a 
satisfactory tolerance in length determi- 
nations, it is apparent that the data in 
this table make it possible to reach some 
conclusion regarding the number of 
measurements that should be made on 
an individual core. 

In the survey of core measurement 
practice mentioned previously, the es- 
timates of accuracy obtained by the 
various agencies varied from 0.01 to 
0.125in. A number of laboratories indi- 
cated that an accuracy of 0.05 in. was 
considered satisfactory. This would 
seem to be a reasonable tolerance value 
to consider as it would mean an accuracy 
of length determination of better than 
1 per cent for cores of usual length. 

If the tolerance of 0.05 in. can 
accepted} the data in Table II show that 
should nine measurements be made 
within the prescribed area on a given 
core end, it can be assumed that the 
accuracy of length determination will be 
within this tolerance 98.5 per cent of the 


TABLE Il*—RELATION BETWEEN ACCURACY 

AND NUMBER OF MEASUREMENTS FOR VARI- 

OUS ALLOWABLE TOLERANCES (BASED ON 

COMBINED DATA FROM OHIO AND TEXAS 
CORES, INNER FOUR CIRCLES ONLY). 


time. Nine points of measurement is a 
rather desirable number since it lends 
itself to a very simple geometric pattern, 
a central position with eight others 
45 deg. apart arranged around a circle, 
a pattern that is already in use by several 
state highway departments. 
Reproducibility of Results: 

In order to obtain some indication of 
the reproducibility that might be ex 
pected from successive measurements on 
a given core when employing the 9-point 
pattern suggested by the analysis, cer 
tain supplemental measurements have 
been made. 

For this work ten typical concret¢ 
pavement cores were selected. Using 


Accuracy, per cent, Obtained When 


Ne =9 


= 


* This a s as Table VI in the analysis by Sub- 
committee , See p. 259. 
N is the number of measurements. 


The analysis then proceeds to develop 
a very useful relation between the tol- 
erance in length determination, number 


Ss ow od J 


of measurements, and percentage of ac- 
curacy. The accompanying Table II, 
taken from the report of the analysis by 
Subcommittee XI, shows this interrela- 
tionship. 


the 72-point pattern described earlier 
each specimen was measured 10 times 
Each specimen was also measured 1( 


ij : 
I 
N° = 5| |? = = = 3: i 
ie ee 0.10.....| 99.97 | HI | 100.00 | 100.00 | 100.00 l 
0.08.....| 99.63 100.00 | 100.00 | 100.00 
ling ed 0.06.....| 97.04 100.00 | 100.00 | 100.00 
Se rr 0.05.....| 93.01 99.92 | 100.00 | 100.00 
0.04.....| 85.30 99.25 | 99.88 | 99.98 | 
0.03.....| 72.32 95.51 | 98.50 | 99.46 
4 0.02.....| 53.16 81.87 | 89.50 | 93.75 
0.01.....| 28.30 | 49.61 | 58.24 | 64.83 
Ld 
4 
| 
a times using the suggested 9-point pat 
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ments, the specimen was lifted from its 
support in the measuring apparatus, ro- 
tated slightly (about 43 deg.) and placed 
back on the supports between each of 
the measurements in the series of 10, 
in order that a different set of points on 
the core end would be used for each 
length determination. 

From the supplemental measurements 
just described the data shown in Table 
III were obtained. 

It will be noted that when the 9-point 
measuring pattern is used, the maximum 
spread between the least indicated 
TABLE IlI.—REPRODUCIBILITY DATA FROM TEN 


COMPLETE LENGTH DETERMINATIONS ON 
EACH SPECIMEN. 


Core Length, in. 
Core = 9-Point Pattern 

Avg. Min Max Avg 
6.71 6.70 6.73 6.71 
SS ae 5.64 5.64 5.67 5.66 
| 5.77 5.79 5.80 5.79 
er 5.85 5.84 5.89 5.86 
5.88 5.87 5.92 5.90 
5.70 5.67 5.70 5.69 
6.03 6.06 6.06 6.06 
No. 8.. 7.78 7.81 7.84 7.83 
No. 9... 8.77 8.79 8.83 8.80 
No. 10... 6.26 6.29 6.32 6.31 


length and the greatest indicated length 
is 0.05 in. Comparing the average 
length as obtained with the 9-point 
pattern and that with the 72-point pat- 
tern, it is interesting to observe that 
wherever a significant difference exists, 
the length as determined by the 9-point 
measurement is greater than that deter- 
mined by the 72-point measurement. 
The 72-point pattern includes a number 
of points near the periphery of the speci- 
men and the measurements at these 
points are affected by the presence of 
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spalling around the periphery. On cores ee 
that are spalled, therefore, measurements __ 
which are confined to the undamaged 
central portion of the core end will indi- 
cate a somewhat greater average core 
length and a length that is a more de- | 

pendable measure of the real thickness 
of the slab from which the core was) 
drilled. 


Summary: 


To summarize the results of the study s 
it is indicated that: Hee 

1. A direct calipering of core 
is the method of measurement preferred _ 
by most agencies. 

2. An accuracy of length determina- 
tion of 0.05 in. is reasonably satisfactory 
for the length determination for cores of 2 
usual lengths. 

3. To insure this degree of accuracy — oe 
in 98.5 per cent of the cases, each speci- _ py a 


men length must be determined by aver- pe 

aging not less than nine well-distributed © 

individual measurements. 


4. The area in which these individual _ 
measurements are made must be limited 
to the central part of the core end. 
The area generated by rotating 
outer 13 in. of the radius of the end area 
of the core apparently includes that por- 
tion of the core end which should be _ 
excluded. 

With these indications as a basisa _ 
Method of Measuring the Length of 
Drilled Concrete Cores* has been pre- 
pared and is recommended by Subcom- 
mittee VII for submission to ihe Society 
for publication as tentative. 

3 This method was accepted as tentative by the Society — es ne 


and appears in the 1942 Book of A.S.T.M. Standards, — 
Part p. 1207. 
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ANALYSIS OF DATA ON LENGTH OF CONCRETE CORES 


DiscussION OF REPORT OF SUBCOMMITTEE VII By SUBCOMMITTEE XI 
ON EVALUATION OF DATA 


Under date of June 21, 1941, a pre- 
liminary report showing the results of 
initial studies of Ohio and Texas core 
data was submitted by Subcommittee 
XI, of Committee C-9, to L. W. Teller. 
Curves indicating the numbers of meas- 
urements theoretically necessary for va- 
rious degrees of accuracy were presented. 
Charts showing possible locations for 
symmetrically arranged, representative 
points to be measured were also in- 
cluded. 

After consideration of the preliminary 
report, Mr. Teller indicated his choices 
for locations of points to be measured 
from the various groupings submitted, 
in some instances selecting different 
groupings from those suggested in the 
report. Because the concrete cores ap- 
peared somewhat rounded or chipped 
off near the edge of the core, it was Mr. 
Teller’s opinion that the outer concentric 
circle of points measured (see Fig. 1) 
should not be included in determining 
the true length of the core. 

This suggestion that the outer ring of 
measurements be discarded was the 
immediate reason for the analysis of the 
data given in this report. If the outer 
circle of measurements should not be 
included in determining the true length 
of a core, might it not be true that the 
next to the outer circle should also be 
thrown out? Perhaps even athird 
circle should be eliminated. 

In order to determine at which points 
the measurements were valid, the 
methods of the analysis of variance 
were applied, first to the Ohio data 


(41 cores), second to the Texas data 
(61 cores), and then to the combined 
data (102 cores). 

The method consisted in comparing 
the variations within the several con- 
centric circles of measurements of each 
core with the variations among the 
means of these circles of measurements. 
If all of the measurements in the end 
area are sufficiently uniform, the varia- 
tion between circles would not be signif- 
icantly different from the variation 
within circles. In case the outer one or 
two circles gave measurements con- 
siderably different from those of the 
inner circles, the variation between 
means of circles would be found signif- 
icantly different from the variation 
within circles. Thus the analysis of 
variance offers a means of determining 
the validity of the measurements of the 
outer circles of points. 


Tue Onto Core DATA 


The 41 Ohio cores were studied first. 
When all eight concentric circles were 
considered, the variation between means 
of circles was found to be significantly 
greater than the variation within the 
circles of measurements. This meant 
that the outside or eighth (from the 
center) circle should not be included, 
thus substantiating Mr. Teller’s opinion. 

The data for the remaining seven 
circles were then similarly analyzed. 
Again it was found the variation between 
circles was significantly greater (al- 
though to a lesser degree) than the 
variation within circles. The seventh 
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circle, therefore, should also be dis- 
carded. 

Application of the method to the 
remaining six circles ef measurements, 
again gave a similar result, although 
this time the difference between varia- 
tion within circles and variation between 
circles was so slight as to be on the border 
between significant and not significant. 
However, as the 5 per cent point had 
not been reached, the rejection of the 
sixth circle was indicated. 


Fic. 1.—Diagrams Showing Symmetrical 
Arrangements of Measurement Points for Five 
Values of N Indicated in Tables IV, V, and VI. 


The data for the remaining five inner 
circles were then analyzed; the results 
indicating that the measurements in 
these five circles were all valid. 

This variance analysis showed that 
the three outer circles of measurements 
of the Ohio cores should be discarded 
and the measurements confined to the 
41 (including the center) points in the 
area covered by the five inner circles. 

For a number of measurements, the 
standard deviation of the mean of those 


é 


_ of cases included by various numbers of 
_ Standard deviations measured plus and 
_ minus from the means. 


>’ 


_ certain accuracy may be found by means 
_ of the formula: 
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om 
For the Ohio data the standard devia- __ 
tion of the measurements included inthe 
five inner circles was found to be 0.055557. 
in. The standard deviation of the mean, 
then, varies inversely with the square | 
root of the number of points measured. __ 
Statistical tables show the percentage _ 


The number of | 
measurements required to obtain a 


op 


where 


x = number of standard deviations 
of the mean, 
Om = standard deviation of the mean, 
o = standard deviation of the indivi- — pai 
duals, and Pe 
T = allowable tolerance or variation — 


from true mean length. Fh 
From this formula it is found that: Py 


Table I indicates the numbers of © 

measurements necessary, based on the — 


neg 


TABLE I.—NUMBER OF MEASUREMENTS BASED 
ON OHIO CORE DATA—INNER FIVE ka 
CIRCLES ONLY. 


Number of Measurements 


Allowable for Accuracy of 
Tolerance, in. 
68.26%* 95.46%" 
0.31 1.23 2.78 
0.48 1.93 4.34 
0.05 1.23 4.94 11.11 a 
0.04 1.93 7.72 17.36 nae 
0.03 3.43 13.72 30.87 me 
0.02 7.72 30.87 69.45° ~ 
0.01 30.87 123.46” 277.7 = 


@ Included by one, two, and three standard deviations, _ vs, 


respectively. 
Outside of limits of these data. 
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Ohio data, 
accuracy. 


for various degrees of 


c? The analysis of variance methods were 


Tolerance, in. 


next applied to the data for the 61 Texas 
cores. The results were similar to those 
of the Ohio cores. In this case it was 
found necessary to discard an additional 
circle of measurements, as only the four 
inner circles of measurements were 


TABLE II.—_NUMBER OF MEASUREMENTS BASED 
ON TEXAS CORE DATA—INNER FOUR 
CIRCLES ONLY. 


Number of Measurements 
for Accuracy of 


= 


20.29 
158° 410.80? 


@ Included by one, two, and three standard deviations, 
respectively. 
> Outside of limits of these data. 


TABLE III.—NUMBER OF MEASUREMENTS BASED 
ON COMBINED OHIO AND TEXAS CORE 
DATA—INNER FOUR CIRCLES ONLY. 


Number of Measurements 


Allowable for Accuracy of 


a 


95.46%% | 99.73%% 


| 
| 
| 


1.52 
2.38 
4.23 
6.09 
9.51 


152, 
@ Included by one, two, and three standard deviations, 


respectively. 
Outside of limits of these data. 


essssese 
es 


found to yield valid results. Thus only 
33 points (including the center) could 
be used in determining the lengths of 
these Texas cores. 

Table II indicates the numbers of 
measurements necessary, based on the 
Texas data, for various see of 
accuracy. 


3 


Cian OHIO AND TEXAS CoRE DATA 


When the Ohio and Texas data were 
combined the results were the same as 
in the case of the Texas cores alone. 
Only the four inner circles of measure- 
ments yield valid results. 

The numbers of measurements for 


TABLE IV.—DEGREE OF ACCURACY BASED ON 
OHIO CORE DATA—INNER F IVE CIRCLES ONLY. 


Allowable 
Tolerance, 


Accuracy, per cent, Obtained When 


(N=17 


100.00 | 100.00 


TABLE V.—DEGREE OF ACCURACY BASED ON 
TEXAS CORE DATA—INNER FOUR CIRCLES ONLY. 


Allowable | 
Tolerance, 
in. 


Accuracy’, per cent, Obtained When 


100.00 


various degrees of accuracy, based on 
the combined data, are presented in 
Table III. 

The results shown in Tables I, II, 
and III are shown in different arrange- 
ment in Tables IV, V, and VI, respec- 
tively. These tables indicate the degree 
of accuracy obtained by different num- 
bers of measurements for various allow- 
able tolerances. 

The data presented in these six tables 
show that the number of measurements 
necessary to determine the true length 
of a core depends upon two factors; 
first, the allowable tolerance or varia- 
tion from the true mean; second, the 


| 
I 
| 
0.10.....| 100.00 | §=100.00 | 100.00 
0.08.....| 99.87 | 1 100.00 | 100.00 | 100.00 
0.06.....| 98.43 100.00 | 100.00 | 100.00 
Allowable 0.05.....| 95.58 99.98 | 100.00 | 100.00 
0.04... -| 89.26 | 96.92 | 99.70 | 99.97 | 100.00 
a .03.....| 77.28 | 89.48 | 97.40| 99.31 | 99.81 
| 68.26%° | 95.46%" 99.7370 0.02... 92.81 | 96.14 
| 0.46 1.83 | 4.11 
5.07 | 11.41 
1,83 7.30 | 16.43 
it 5:07 
1.41 
| 45.60 ar 
N =17|N =25|N = 33 
n 
x. | 100.00 | 100.00 | 100.00 
' B.....| 99.19 | 99.96 | 100.00 | 100.00 | 100.00 
.....| 95.40 | 99.23 | 99.97 | 100.00 | 100.00 ce 
5.....| 90.21 | 97.36 | 99.77 99.98 | 100.00 
4.....| 81.45 | 92.43 | 98.54 | 99.69] 99.95 cc 
3.....| 67.93 | 81.72 | 93.29 | 97.36 | 98.93 
2.....| 49.20 | 62.55 | 77.78 | 86.12] 91.10 cc 
M.....| 25.94 | 34.02 | 45.84 | 54.08 | 60.48 
— gt 
. m 
| 9.51 
13.70 
21.40 
\ 


ON 


hen 


x tables 
rements 
length 
factors; 
r varia- 
nd, the 


number of times out of 100 when it is 
considered necessary to come within 
that tolerance. 

The numbers heading the columnsin 
Tables IV, V, and VI were selected 
because it is possible to select such 
numbers of symmetrically arranged 
points within the area included by the 
four inner circles of measurements. The 


TABLE VI.—DEGREE OF ACCURACY BASED ON 
COMBINED OHIO AND TEXAS CORE DATA— 
INNER FOUR CIRCLES ONLY. 


Allowable Accuracy, per cent, Obtained When 

Tolerance, 
0.10....., 99.97 | 100.00 | 100.00 | 100.00 | 100.00 
0.08....., 99.63 | 99.99 | 100.00 | 100.00 | 100.00 
0.06.....| 97,04 | 99.65 | 100.00 | 100.00 | 100.00 
0.05... 93.01 | 98.50} 99.92 | 100.00 | 100.00 
0.04.....| 85.30 | 94.83 | 99.25 | 99.88 | 99.98 
0.03.....| 72.32 | 85.54 | 95.51 | 98.50 | 99.46 
0.02..... 53.16 | 66.93 | 81.87 | 89.50 | 93.75 
0.01.....| 28.30 | 37.32 | 49.61 | 58.24 | 64.83 


accompanying diagrams, shown in Fig. 1, 
illustrate such symmetrically arranged 
numbers of points. 

It has been shown that the Ohio 
cores as a group differ from the Texas 
cores asa group. It is thought that the 
combined data for the two groups offer 
a better basis for conclusions than either 
group singly, since a method for deter- 
mining core length should be generally 
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applicable. 
a basis for some interesting observations. 
For example, if a tolerance of 0.05 


in. is allowable, the average of nine 


measurements of core length would lie 
within that amount of the true length 
98.50 per cent of the time. If 17 


measurements were made the average __ 


would be within 0.05 in. of the true core 
length 99.92 per cent of the time, etc. 
It will be noted also that the average 
of nine measurements would lie within 
0.03 in. of the true length only 85.54 — 
per cent of the time, and within 0.01 


in. only 37.32 per cent of the time. esi: 


CONCLUSION 
In order to establish a certain number 


of measurements as being the required __ 


number, it is, therefore, necessary to fix 
arbitrarily the allowable tolerance and 
the desired percentage of accuracy. 


Mr. Teller suggested 0.05 in. as a 
It would seem 


suitable tolerance limit. 
that an accuracy of 98.50 per cent would 
be sufficient for all practical purposes. 
For these criteria, nine symmetrical, 
representative measurements made 


within the area included by the inner 
four circles should produce the required = 


accuracy. 
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Table VI, therefore, offers _ 
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Secretary, H. J. Schweim. 


ON 
GYPSUM 


Committee C- 1c on n Gypsum held one 
meeting during the past year: on March 
5, 1942 in Cleveland, Ohio, in conjunc- 
tion with the spring group committee 
meetings of the Society. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, L. S. Wells. 


Vice-Chairman, C.K. Roos. 


= ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Gypsum Plasters 
(G. W. Farrell, chairman).—In view of 
certain questions raised when the A.S. 
T.M. Specifications for Calcined Gypsum 
for Dental Plasters (C 72 — 40) were sub- 
mitted to the American Standards Asso- 
ciation for approval as American stand- 
ard, this subcommittee will conduct 
during the coming year whatever tests 
are necessary to establish the relation- 
ship between the tensile strength and 
compressive strength of these plasters. 
This study will be undertaken with a 
view to revising Section 4 of the Specifi- 
cations for Calcined Gypsum for Dental 
Plasters (C 72 — 40)! by substituting re- 
quirements for compressive strength in 
place of those for tensile strength, or by 
including requirements for both compres- 
sive and tensile strength, or by the incor- 
poration of a footnote setting forth the 
relationship that is considered to exist 
between the tensile and compressive 
strengths. 

This year the subcommittee is recom- 
— a tentative revision in Section 8 


of Standard Specifications C 72 - 40 and 
also in Section 16 (6) of the Standard 
Methods of Testing Cypeem and Gyp- 
sum Products (C 26 — 40),? as given later 
in this report. 

Subcommittee IIT on Structural Gypsum 
Products (L. S. Wells, chairman).—This 
subcommittee has reviewed the Standard 
Specifications for Gypsum Lath (C 37 - 
40),3 Gypsum Wall Board (C 36 — 34), 
and Gypsum Sheathing Board (C 79 - 
34),5 and recommends a number of 
changes in these specifications to bring 
them up to date. 

Subcommitiee IV on Testing Methods 
(C. K. Roos, chairman).—This subcom- 
mittee has been working for the past 
several years on the ammonium acetate 
method for use as an alternate method 
for determining the purity of gypsum.° 
The proposed method was published last 
year as an appendix to the report of 
Committee C-11. During the year work 
on this problem has been continued and 
the subcommittee now recommends its 
inclusion as an alternate method in 
Standard Methods C 26. 

During the coming year the committee 
will study a proposed method for deter- 
mining the water permeability of gypsum 
sheathing board and as a long-time proj- 
ect will continue its study of subsieve 
fineness determination of gypsum par- 
ticles. 


11940 Supplement to Book of A.S.T.M. Standards, 
Part Il, p. 41. 

2 Ibid., >. 

3 [bid., 

£1999 Book of AS.T.M. Standards, Part II, p. 84. 

p. 8 

® Proceedings, Am. Soc. Testing Mats., Vol. 41, p. 293 

(1941). 


260 


in 
St 
ar 
CO 
mi 
be 
re 
at 
J de 
16 
© 
to 
th 
ca 
col 
tel 
St: 
are 
Ste 
pro 
pre 
min 
of 
\ 
Soc 
the 
tens 
shal 
ile 
st 
shal 
il Sta 
§ 
| foll 


nittee 
deter- 
rpsum 
pro}- 
bsieve 
1 par- 


tandards, 


I. TENTATIVE REVISION OF STANDARDS 


In the Standard Specifications for 
Calcined Gypsum for Dental Plasters 
C 72 — 40),' Section 8 on methods of test- 
ing contains an exception from the 
Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 -40).2, The 
ommittee felt that for uniformity of 
methods of testing this exception should 
be avoided. With the deletion of the 
requirement concerning the consistency 
at which the time of set and tensile 
strength should be determined and the 
deletion of the reference to the soaking 
period, a note should be added to Section 
16 (6) of Standard Methods C 26 relative 
to the use of retarder when determining 
the testing consistency of quick setting 
calcined gypsum. Committee C-11 ac- 
cordingly presents for publication as 
tentative the following revisions of 
Standard Specifications C 72 and Stand- 
ard Methods C 26: 


Standard Specifications for Calcined Gyp- 
sum for Dental Plasters (C 72 — 40):! 


Section 8.—Change to read as follows 
by the omission of the words in brackets: 


8. The chemical analysis and physical 
properties of calcined gypsum for use in the 
preparation of dental plasters shall be deter- 
mined in accordance with the Standard Methods 
of Testing Gypsum and Gypsum Products 

\.S.T.M. Designation: C 26) of the American 
Society for Testing Materials. [Except that in 
the determination of the time of setting and the 
tensile strength the calcined gypsum and water 
shall be mixed in the proportion of 100 g. of 

ilcined gypsum to 60 ml. of water. The 

ilcined gypsum shall be allowed to soak in 

stilled water at 70 F. (21 C.) for 30 sec., and 
shall then be stirred for 30 sec. and placed im- 
mediately in the molds.] 


Standard Methods of Testing Gypsum and 
Gypsum Products (C 26 — 40) 


Section 16 (b).—Add a note to read as 
tollows: 


Note.—The use of 0.1 per cent retarder in 
determining the testing consistency is necessary 
when working with quick-setting calcined 
gypsum products. 


II. Revisions oF STANDARDS, 
IMMEDIATE ADOPTION 
Standard Specifications for Gypsum Lath 
(C 37 40).3 
A careful study of Standard Specifica- 
tions C 37 — 40, C 36 — 34, and C 79 — 34 
indicates the advisability of a number of 
revisions to bring them up to date. In 
addition to plain and perforated gypsum 
lath referred to in Section 1 on scope 
there is another type of mechanical key 
lath that should be provided for. On 
the Pacific Coast ;-in. gypsum lath is 
commonly used. Requirements, there- 
fore, for this thickness of lath should be 
included. The note following Section 
6 (6) makes reference only to aluminum 
foil. This material is at present on the 
priority list; the industry, therefore, is 
making use of a different type of foil. 


The committee recommends for immedi- _ ‘ 
ate adoption the following revisions in pie wen! 


Standard Specifications C 37 and accord- 
ingly asks for a favorable nine-tenths 


vote at the annual meeting in order that = 
this change may be referred to letter 
ballot of the Society: iota 
Section 1.—Change from its present et 
form: namely, a 
1. These specifications cover both plain and ir 


perforated gypsum lath, gypsum plaster boards 
designed to be used as a base for the reception 
of gypsum plaster. 


to read as follows: 


1. These specifications cover plain, perfo- 
rated, and other mechanical key types of 
gypsum lath which are designed to be usedasa 
base for the reception of gypsum plaster. 


Section 3.—Change the table of break- ‘ 3 | 
ing loads to read as follows by the addi- 


tion of the italicized figures: 


f 
j 

| 
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lard | 
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lb. 


7 Knife es ’ Knife Edges 
Fiber Parallel to 


@f Surfacing Fiber of Sur- 
facing 


100 40 


wg Section 5 (a).—Change to read as fol- 
lows by the addition of the italicized 
word and figure: 


(a) Thickness—The nominal thickness of 
gypsum lath shall be } in., 5/16 in., } in., or $in., 
with permissible variations in the nominal 
thickness of plus or minus #s in., and with per- 
missible local variations of plus or minus 7x in. 
from the nominal thickness. 


Section 5 (d).—Change the table on 
weight of gypsum lath to read as follows 
oy the addition of the italicized figures: 


Weight per 1000 sq. ft., Ib. 
Minimum 


‘Thickness, 
1 


4 pee Section 6 (b).—Change the note to read 
as follows by the addition of the italicized 
words: 


Note.—Gypsum lath is also available with 
one surface covered with aluminum or other 
heat-reflecting type of foil. 


Standard Specifications for Gypsum Wall 
Board 36 — 34):4 


As a tions, gypsum wall board is also available 


oa _~ ends, and with either square or V- 
tongue and groove edges. The manufac- 
ture of beveled edge board has been 


Committee C-11 recom- 
_ mends for immediate adoption the fol- 


Report OF Canarix C- 


Section 5 (a).—Add the following sen- 
tence at the end of this section: 


Edges, or edges and ends of } in. and } in 
board may be plain or recessed to receive a 
joint reinforcing strip; if recessed, the depression 
shall be not less than 0.02 in. 


Section 5 (b).—Change to read as fol- 
lows by the addition of the italicized 
word and figure and the omission of the 
words in brackets: 


(6) Width—The nominal width of gypsum 
wall board shall be 24 in., 32 in., 36 in., or 48 in., 
with a permissible variation of # in. under the 
specified width. [Beveled edge wall boards 
may have widths } in. less than those specified, 
with the same permissible variation.] 


Section 5 (c).—Change from its present 
form: namely, 


(c) Length—The nominal length of gypsum 
wall board shall be from 4 ft. to 12 ft., inclusive, 
with permissible variations of plus or minus } in. 
from the specified length. 


to read as follows: 


(c) Length—The nominal length of }-in. 
gypsum wall board shall be from 4 ft. to 12 ft. 
and of 3-in. and }-in. board from 4 ft. to 14 ft., 
inclusive, with permissible variations of plus 
or minus } in. from the specified length. 


Section 6.—Add a new note as Note 1 
to read as follows: 


Norte 1.—Gypsum wall board in }-in. thick- 
ness is available either with square edges or 
V-tongue and groove edges. Recessed board is 
available only with square edges. 


Designate the present note as Note 2 
and change from its present form to read 
as follows: 


Note 2.—Gypsum wall board is also available 
with one surface covered with aluminum or 
other heat-reflecting type of foil. 


Standard Specifications for Gypsum 
Sheathing Board (C 79 — 34)3 


Gypsum sheathing board is not avail- 
able in 32 in. width nor in ? in. thickness. 
The practice of applying aluminum or 
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other heat-reflecting foils to gypsum 
sheathing board has been discontinued. 
Gypsum sheathing board is available 
either with V-tongue and groove edges or 
square edges. The committee therefore 
recommends for immediate adoption the 
following revisions in Standard Specifica- 
tions C 79 and accordingly asks for a 
favorable nine-tenths vote at the annual 
meeting in order that these changes may 
be referred to letter ballot of the Society. 

Section 3.—Omit the requirements for 
flexural strength of 2-in. board which now 
specify a load of 175 lb. when tested 
across fiber of surfacing and 100 lb. paral- 
lel to fiber of surfacing. 

Section 5.—In Paragraph (a) eliminate 
reference to #-in. board in the first 
sentence. 

In Paragraph (b) change to read as 
follows by the omission of the words and 
figures in brackets: 

(b) Width—The nominal width of gypsum 
sheathing board shall be [either] 24 in. [or 
32 in.], with a permissible variation of plus or 
minus $ in. from the specified width. 

In Racageph (d) omit weight require- 
ments for #-in. board now specified as 
minimum of 3000 Ib. and maximum of 
4000 Ib. per 1000 sq. ft. 

Section 6.—Change the note following 
this section from its present form: 
namely, 


Note.—Gypsum sheathing board is also 
available with one or both surfaces covered with 
aluminum foil. 


to read as follows: 


Nore.—Gypsum sheathing board is available 
either with square edges or V-tongue and 
groove edges. 


Standard Methods of Testing Gypsum and 
Gypsum Products (C 26 — 40)? 
Included in the 1941 report of Com- 

mittee C-11 was a recommendation for 

the deletion of the test for absorption of 
gypsum partition tile or block described 
in Sections 37 and 38, which change the 
committee had originally proposed be- 


come effective immediately. As the — 
change was a minor one and the standard _ 
involved is twelve pages long the Com- © 
mittee on Papers and Publications sug- 
gested that the change become effective _ 
in 1942 when the new Book of Standards 
is issued rather than in 1941. Committee _ 
C-11 gladly acquiesced in that request. 
The committee accordingly reeommends 
that the deletion of Sections 37 and 38 
from Methods C 26 now be approved for | 
reference to letter ballot of the Society. __ 
For the past few years several members __ 
of Subcommittee IV have been conduct- 


ing tests comparing the ammonium ace- _ 
tate method with the gravimetric method 
for determining the purity of gypsum — 
and calcined gypsum and last year the © 
proposed ammonium acetate method was 
published as an Appendix to the report of _ 
Committee C-11. It is felt that suffi- | 
cient investigative work has been done 
on this method to justify its inclusion as ry iy 
an alternate procedure in Standard > 
Methods C 26. The committee there- 
fore recommends this alternate analytical — 
method’ for immediate adoption as are- _ 
vision of Standard Methods C 26 and 
accordingly asks for a favorable nine- Fi: 
tenths vote at the annual meeting in _ 
order that this recommendation may be © “8 
referred to letter ballot of the Society. 


ra 


III. Aporprion OF TENTATIVE STANDARD 

Tentative Definitions of Terms Relating to Rape 


Gypsum (C 11-41 T):8 

The present tentative definition of 
forated gypsum lath states that the per- a 
forations in all perforated gypsum lath 
are not less than 3-in. in diameter and 
would require a minimum number of rex Se 
perforations. That this is not necessary — a 
is self evident. However, to obtain grate 


7 The new alternate method was adopted as standard ~ 
by the Society and —o ye in the Standard Methods 
of Testing Gypsum and Gypsum Products (C 26 -42) 
which appear in their latest form in the 1942 Book of tee ‘ 
A.S.T. Standards, act 116. 

81941 Supplement to of A.S.T.M. Standards, © she 
Part Il, Pp. 206. ok 
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1-hr. fire —_— which is required by 
most building codes for certain locations, 
this number and size of perforations are 
necessary. Therefore, the committee 
recommends that the present definition 
of perforated gypsum lath be revised to 
read as follows by the addition of the 
italicized words and that it be submitted 
to Committee E-8 with the recommenda- 
tion that it be approved for presentation 
to the Society for adoption as standard: 

Perforated Gypsum Lath—A gypsum lath 
with perforations. For one hour fire resistive 
construction, perforated gypsum lath shall be not 
less than } in. in thickness with perforations not 
less than ? in. in diameter with one perforation 
for not more than each 16 sq. in. of lath. 


IV. WITHDRAWAL OF TENTATIVE 
REVISION OF STANDARD 
Standard Specifications for Gypsum (C 22- 

41): 

This tentative revision'' which pro- 
posed increasing the CaSO,-2H,0 content 
of gypsum from 64.5 to 75 per cent was 
commented on quite freely to the effect 
that inasmuch as raw gypsum for use as 
a retarder in portland cement is pur- 
chased on the SO; content and that fin- 
ished products are required to comply 
with the specifications for that particular 
product, there was no need to increase 
the present CaSO,-2H,0 content. The 
committee, therefore, recommends that 
this tentative revision be withdrawn. 


____ #The recommendation for adoption as standard of 
es this revised tentative detinition failed of approval at the 
annual meeting of the Society, see Summary of Proceed- 


gs, p. 31. 
10 Tout ‘Supplement to Book of A.S.T.M. Standards, 
Part II, p. 5. 
Mu 194) ‘Supplement to Book of A.S.T.M. Standards, 
Part II, p. 337 


The recommendations | appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
22 members; 21 members returned their 
ballots, with the results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


‘Wald 


I. Tentative REVISIONS OF| 
STANDARDS 

Spec. for Calcined Gypsum for 
Dental Plasters (C 72 - 40; 
ASA A6S.1-1941)........ .... 

Tests for Gypsum and G 
(C 26 40; 

941)..... 


Il. Revisions or STANDARDS 
Spec. Gypsum Lath | 
(C 37 - 40; A67.1-1941), im- 
mediate 
Spec. for Gypsum Wall Board 
(C 36 - 34; A69.1-1941), im- | 
mediate adoption 
Spec. for Gypsum Sheathing | 
Board (C 79-34; A68.1- | 


Ballots 
Marked 
“Not 
Voting’’ 


Affirma- 


Nega- 
tive 


Items 


ypsum 
1- 


ado tion .. . | 

ests for Gypsum an 

Products (C 26-40; 
1941), immediate adoption. . | 


III. Aporption or TENTATIVE 
STANDARD AS STANDARD 
Def. of Terms to 

sum (C 11-41 T)®.. 
IV. or TENTA- 
TIVE REVISION OF STANDARD 
Spec. for Gypsum (C 22 - 41; 


1 
| 


This report has been submitted to let- 
ter ballot of the committee which con- 


sists of 22 members; 21 members re- 
turned their ballots, of whom 20 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
L. S. WELLs, 
Chairman. 
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Committee C-12 on Mortars for Unit 
Masonry has held three meetings during 
the past year: in Chicago, Ill., on 
June 25, 1941, in Washington, D. C., 
on December 5, 1941, and in Cleveland, 
Ohio, on March 3, 1942. 

The membership at present totals 34, 
of whom 13 are classified as producers, 
7 as consumers, and 14 as general in- 
terest members. 


REVISION OF TENTATIVE STANDARD 


The committee also recommends that 
the Tentative Specifications for Ag- 
gregate for Masonry Mortar (C 144 - 
39 T) be revised as appended hereto! 
and continued as tentative. The re- 
vision will add clearly defined limits on 
gradation, which were not included 
heretofore. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 34 members; 20 mem- 
bers returned their ballots, of whom 17 
have voted affirmatively, 0 negatively, 
and 3 members marked their ballots 
“not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Research (F. 
Anderegg, chairman) has continued ve 
investigations on properties of mortars 
and development of new test methods. 
A report on the results of a series of 
cooperative tests made under the direc- 


_ | These revised specifications were accepted as tenta- 
tive by the Society and appear in their latest form in the 
1942 Book of A.S.T.M. Standards, Part II, p. 1105. 
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MORTARS FOR UNIT MASONRY 


es consists of 34 members; 


tion of this subcommittee has been | 


prepared and appears in the Appendix - 


to this report. 

Subcommitiee III on Specifications 
and Methods of Test for Mortar (R. B. 
Crepps, chairman) has submitted to 
Committee C-12 proposed Tentative 
Specifications for Mortar for Concrete — 
Masonry Units which are under con- | 
sideration in the main committee. These — 
specifications were prepared by a work- _ 
ing subcommittee whose report was © 
referred to Subcommittee IIT for review 
and recommendation. 

Subcommitiee IV on Specifications for 
Aggregate for Mortar (Stanton Walker, 
chairman) prepared the extensive re- 
vision of the Tentative Specifications for 
Aggregate for Masonry Mortar (C 144- 
39 T). 
appended hereto.! 


Subcommittee V on Admixtures for 


Mortar (W. C. Voss, chairman) has been a2 ao 
considering the general principles in- 


volved in specifications for admixtures. 
No recommendations have been offered. 


This report has been submitted to 
letter ballot of the committee which _ 


24 members 
returned their ballots, of whom 22 have 


Respectfully submitted on behalf of 
the committee, nf 


J. W. McBurney, 


H. C. PLUMMER 
Secretary 


The revised specifications are on 


Chairman. 
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RESULTS OF COOPERATIVE TESTS ON MORTARS L 
- Introduction: initial flows of 70, 105, and 135 per cent. 

_ The data presented in this report were The mortars were made from portland 
provided by a group of cooperating cement, lime, and sand in the Propor- 
laboratories in response to a request that tions of 94:40:450 by weight (1:1:6 by A... 
_-‘ masonry cement mortars and cement- volume), and from masonry cement in C2! 
_ lime-sand mortars be tested by certain the proportion of the sack weight of the z fi 

_ methods. The program was intended to Cement to 225 Ib. (1:3 by volume) of dry a 
provide answers to the following ques- sand. The A.S.T.M. lentative Method 
tens: of Test for Compressive Strength of Port- J i 
oh 1. What is the range in compressive land-Cement Mortars (C 109-37 T) - 2 
strength of masonry cement mortars WS followed. The laboratories used “ 
7 na where the proportioning is 1:3 by commercial sands and reported their x 

volume? sieve analyses as follows: 

2. What is the range and probable 4 

minimum compressive strength of 1:1:6 Percentages Passing Sieves “i 
cement-lime-sand mortars proportioned 

by volume? Laboratory | | Mas 

3. What is the effect on the compres- 
of mortar of varying initial | $7] 

4. What is the range in ratio of A | 

-day die 100|100 | 98.5|85.7|... .|66.2|33.3] 4.9/2. 11 

7-day to 28-day compressive strength of 100] 99.6] 92:8| 
Answers to these questions (and 100/100 | 99.4/95.2|... .|82.2/21.8] 1.2|2:00 + 

tes 100|100 100° .|56.0|14.0| 2.5]2.40 H 

others) were obviously necessary if 100/100 | 6.1|1.84 1 

Committee C-12 on Mortars for Unit fooltoo | 
_ Masonry was intelligently to formulate 9.01188 
specifications for mortars in terms 100/100 | 5.0/2.16 N.... 
the officers of Committee C-12 and cer- | $3 Min... 
of the cooperating laboratories pro- 82 85 a 
__-wided explanations of certain peculiari- 2 |2 |2 

| | —|— | — |— 

ies n the results and emphasized the 96.5 | 68.5 | 40.0 | 30.0} 6.0] ....| 4.0 
2 necessity of clarifying certain of the test Bisansees 99.8 | 95.0 | 77.0 53.7) 18.0] 12.8) 6.9 

procedures. This additional informa- fog 

tion is presented as part of the discus- Water retentivity measurements ex- whi 

sion of the numerical data. Lait pressed as percentages of the initial flow A, 1 

a cooperating laboratories were as ‘ec’ were also requested for all mortars. pres 

report 7-day and 28-day compressive 

steengthe of mortar cubes made with 1 1939 Book of A.S.T.M. Standards, Part II, p. 892. 
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Strength of Masonry Cement Mortars: 
Committee C-12 has under considera- 
tion Proposed Tentative Specifications 


RESULTS OF COOPERATIVE TESTS ON MASONRY MORTARS 


Of the 22 tests on masonry cement 
mortars with initial flows of 105 per cent, 
reported in Table I, 17 classify as type B 


TABLE I.—COMPRESSIVE STRENGTHS OF MASONRY MORTARS. 
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ae bot Initial Flow 70 Per cent Initial Flow 105 Per Cent Initial Flow 135 Per Cent 
‘ew Ratio of Ratio of Ratio of 
‘ sot tai Compressive 7 to 28 Compressive 7 to 28 Compressive 7 to 28 
Laboratory Strength, Psi. Day Strength, Psi. Day Strength, Psi. Dey 
Com- Com- Com- 
essive 
ength, trength, 
7 Days | 28 Days | berCent | 7 Days | 28 Days 7 Days | 28 Days | percent 
Masonry Cement Mortars (1:3) 
BTR AS ee 1100 1600 68 870 1300 67 520 800 65 
640 855 78 700 875 80 670 87 
1420 1940 78 1140 1510 75 930 1110 84 
1420 57 550 1050 52 400 900 
E 215 455 47 1 440 39 115 390 29 
1350 570 1275 45 500 1 
2000 2470 81 1720 2280 75 1320 1810 
305 510 60 250 400 68 150 225 
J [Boenceereeecornes 515 915 63 420 815 52 285 630 a 
a ey SS 395 740 52 315 630 50 245 435 
K _ Same 500 1345 37 265 885 30 195 775 a 
” eh 550 1445 38 305 1020 30 210 860 26 
910 1125 81 520 710 73 455 685 66 
595 1095 54 310 665 47 275 485 
1045 1750 60 550 1100 50 500 800 
1035 57 355 710 50 245 410 
800 1500 53 535 1100 49 375 700 
2350 2915 81 1815 2375 76 1460 1890 
850 1360 61 955 56 485 815 
| Rae ae: 2350 2915 81 1815 2375 76 1460 1890 77 
|” “Tans Fay 215 455 37 170 360 30 115 390 25 
Mortars (1:1:6) 
1880 2480 16 1520 2390 64 1360 2310 59 
390 555 70 295 420 70 225 335 en 
730 1000 73 520 710 73 320 570 Site 
3050 3850 79 2600 3500 74 2250 2875 78 
1590 2180 73 1320 1810 73 1090 1540 71 
1800 2765 65 1650 2465 67 1210 1910 64 
1745 2660 66 1465 2520 58 1335 2010 68 
1095 60 500 835 60 295 545 
1135 1690 67 1010 1475 68 970 1440 67 
935 1975 48 875 1675 52 740 1500 , ae 
950 1200 79 720 81 515 785 66 
2395 4000 60 1960 2875 68 1660 1785 _. 
2310 2900 80 2215 2870 77 2000 2715 a 
1505 2180 69 1245 1840 68 1075 1565 i 
3050 79 2600 3500 81 2250 2875 78 
390 555 48 295 420 52 225 335 es 2) 
@ Different masonry cemen 
> Same cement. Different sands. 


for Mortar for Concrete Unit Masonry 
which offer three types of mortar, types 
A, B, and C, classified by average com- 
pressive strength at 28 days of not less 
than 2500, 600, and 250 psi., respectively. 


(exceeding 600 ni’ dibs 5 classify as 
type C (between 250 and 600 psi.). 
The wide range of ratios of 7-day to 
28-day compressive strengths will be 
noted. In general, the masonry cement 
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REPORT OF COMMITTEE C-12 (APPENDIX) _ 


_ mortars with high 7-day strengths show 


a relatively small increase in strength at 


28 days compared with those having 
low 7-day strengths, as for example, a 
- comparison of mortars A, C, F, and N 


with E and K, will show. The excep- 


_ tion provided by mortar B will be dis- 
cussed in the section on flow of mortars. 
_ Ratios of 7-day to 28-day compressive 
strengths are in general rather little 


affected by variation in initial flow. 
_ The trend is for increased flow to lower 


the ratio but in a number of mortars 
_ this is reversed. 


The only exception to the generaliza- 
tion that compressive strength of mor- 
_ tars decreases as initial flow increases is 
provided by mortar B at a flow of 105 
per cent compared with the same mortar 
ata flow of 70 percent. The effect on 
compressive strength of variations in 
initial flow showed wide ranges for dif- 
erent masonry cement mortars. A pro- 


mortar, there shall be deducted from the 
compressive strength requirement 1 per 


i% cent for every 1 per cent of flow by which 


the flow exceeds 80 per cent, except that 
no deduction shall exceed 50 per cent” 

appears more liberal than may be neces- 
sary since the average strength at 7-days 


Pe for a flow of 135 per cent is 55 per cent of 
e that reported for a 70 per cent flow. 


In 


_ other words, an increase in flow of 65 


a is 40 per cent. 


per cent lowered the average compressive 
strength only 45 per cent. The corre- 
a lowering for 28-day strength | 
It will be noted that, in 


~ general, change in initial flow affects 28- 


day strengths less than 7-day strengths. 
As with the ratio of 7-day to 28-day 
strength the different masonry cement 


_ mortars provide a number of exceptions 


to this statement. 


posal considered by Committee C-12 that 
“when the sample represents job-mixed 


~ 4 


a ~ 


strengths. With the exception of mor- 
tar Hi, all mortars reported in Table I 
represent mixtures of portland cement 
and dry hydrate. In mortar H1 a lime 
putty was used of such proportions that 
the 94:40 proportion by weight of port- 
land cement to hydrated lime was pro- 
vided. Except for the comparison of 
dry hydrate with putty, these data ap- 
parently do not indicate that any consis- 
tent differences in strength are attribut- 
able to differences in materials. 
Additional data supplied by labora- 
tory H indicate that for the particular 
limes used (comparison of a nonplastic 
mason’s hydrate with a highly plastic 
lime putty) the hydrates give higher 
strengths. The 28-day strengths at 
flows of 105 per cent are as follows: 


Compressive Strength 


at 28 days, psi. 
Proportions With Lime 
(by volume) Putty With Hydrate 
750 1280 
2800 3460 


Laboratory L provided tests on three 
1:1:6 mortars made with lime putty. 
Unfortunately, the initial flows were 
not stated. The 7-day compressive 
strengths of these mortars compared 
with the strength of the 1:1:6 mortar 
(mortar L1, Table II) using hydrate and 
having an initial flow of 135 per cent is 
as follows: 


Compressive Strength 


1:1:6 mortars amy at 7 days, psi. 
putty L6. .. 


Data on flow after suction for these 
mortars (H and L) are presented as part 
of the discussion on that subject. 

With the exception of mortar B, all of 
the 1:1:6 mortars met the 600 psi. pro- 
posed strength requirement for type B. 
The ratios of 7-day to 28-day compres- 
sive strength are relatively uniform com- 
pared with the masonry cement mortars 


rath 
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Strength of Cement-Lime-Sand Mortars: 
ar 
The 1:1:6 cement-lime-sand mortars for 
9 also present a wide range in compressive 
. 4. a Fut 


reported in Table I and fit a 2:3 ratio 
rather well. 
The effect of change in initial flow on 


ABLE II.—EFFECT OF INITIAL FLOW ON 
OMPRESSIVE STRENGTHS OF MASONRY 


MORTARS. 
7 Days 28 Days 
Se | Percen Se | Percen 
Com Compressive 
Strength* Strength® 
Laboratory | Developed | vi 
8 at at 
105 135 105 135 
-3 | per | per -2 | per | per 
cent | cent | cent | cent 
Flow | Flow Flow | Flow 


Masonry Cement Mortars (1:3) 


79 47 1600 72 50 
107 90 855 102 | 78 
80 65 1940 78 57 
58 49 1420 74 63 
79 53 455 97 86 
o4 83 1360 78 
86 66 2470 92 73 
82 49 510 78 44 
81 55 915 89 69 
80 62 740 85 59 
53 38 1345 66 
56 38 1445 71 60 
57 50 1125 69 57 
52 46 1095 61 44 
53 48 1750 63 46 
61 42 1036 69 40 
67 47 1500 73 47 
77 62 2915 82 65 
72 55 79 60 
107 90 102 86 
52 38 61 | 40 


Cement-Liwe-Sanp Mortars (1:1:6) 


fees es 1880 | 81 | 72 | 2480 | 96 | 93 
Bucsuli ds 390 | 76 | 58 555 | 76 | 60 
730 | 71 | 44 | 1000 | 71 | 57 
85 | 74 | 3850 | 91 | 75 
| sale = i 1590 | 83 | 69 | 2180 | 83 | 71 
G fi? 1800 | 92 | 67 | 2765 | 89 | 69 
.. 1745 | 84 | 76 | 2660 | 95 | 76 
1°... 77 | 46 | 1095 | 76 | 50 
BAS i 1135 | 89 | 85 | 1690 | 87 | 85 
 ORae Bh" 935 | 94 | 89 | 1975 | 85 | 76 
2a 950 | 76 | 54 | 1200 | 74 | 65 
Mi 23905 | 82 | 69 | 4000 | 72 | 45 
ja neg 2310 | 96 | 86 | 2900 | 99 | 94 
Avg... 83 68 84 70 
Max.. 96 89 99 94 
Min.....| 71 | 4 71 | 45 


@ Based on 100 per cent compressive strength equals 
str at 70 per cent flow. 
ifferent masonry cement. 
© Same masonry cements. Different sands. 
4 Different limes. 
* Lime putty instead of hydrate. 


compressive strength is very definite. 
Compared with masonry cement mor- 


tars, initial flow is somewhat more uni- 
form in its effect on strength of 1:1:6 
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cement-lime mortars. The two mortars 
are alike in that they both show a trend 
toward the 28-day strengths being less 
affected by variation in initial flow than 
are the 7-day strengths. 


Flow of Mortars: 


The wide range of strength in masonry 
cement mortars, es shown in Table II, 
was expected on account of the known 
variation in nature and properties of the 
cementitious materials. A range from 
390 to 3050 psi. in the 7-day compres- 
sive strength of 1:1:6 mortars molders 
at a flow of 70 per cent appears greater 
than is reasonably explainable by differ- 
ences in materials. The opinion was 
offered that much (not all) of this vari- 
ation was explained by variation in flow. 

The following question, accordingly, 
was addressed to each of the cooperating 
laboratories: 


State in terms of average, maximum, and 
minimum the flow of mortar from the mason’s 
board as measured in your laboratory. The 
purpose of this question is to provide a rough 
check on flow table readings. Your comments 
and those of masons on the workability of the 
various mixes at the three flows will be appre- 
ciated. 

Laboratories C, F, H, and I reported 
that ‘‘mason’s consistency” is in the 
range of 105 to 120 per cent flow. La- 
boratory D considered that the mason 
would have to bring the 1:1:6 mortar to 
a flow of at least 135 per cent before it 
was workable. Correspondence with 
laboratory A indicates that ‘‘mason’s 
consistency”? was above 135 per cent. 
Laboratories G and N reported lack of 
workability of the low flow mortars. 
Laboratory M reported that the average 
flow of mortars made from 20 different 
masonry cements using sand M1 was 
between 100 and 105 per cent with a 
maximum of 125 and a minimum of 80 
per cent when taken from the mason’s 
board. There is some ev that 
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laboratory B had a flow table which read 
unusually low. 

In summary, the laboratories which 
reported high flows for “‘mason’s con- 
sistency”’ averaged much higher strength 
than those reporting low flows. This is 
consistent with the observed effects of 
flow on strength. Further evidence is 
provided by the range in amount of 
mixing water reported in Table III. 
Means for calibrating flow tables should 
be provided. There is evidence that one 
laboratory’s flow of 105 per cent is an- 


IIl.—COMPARISON OF AMOUNTS OF 
TER ADDED TO BATCHES OF MORTAR MADE 
PROM 314 G. PORTLAND 
DRATED LIME, AND sh 
VOLUME) IN DIFFERENT LABORATORIES. 


70 per cent se) cent | 135 
low 


ow 


r cent 
low 


Compressive 
Strength, 
psi. 


7 | 2 
days | days 
1360 | 2310 
225 355 
} 320 570 
3500 |294| 2250 | 2875 
1475 404) 970 | 1440 
1675 740 1500 


i578) 835 


other laboratory’s 135 per cent and yet 
another’s 70 per cent. 


Flow After Suction: 


Not all of the laboratories reported 
flow after suction. Table IV sum- 
marizes the principal data from the 
survey. All of the masonry cement mor- 
tars tested met the proposed require- 
ment of not less than 65 per cent of 
initial flow (100 to 115 per cent). The 
nature of the lime appears to control 
flow after suction. Five out of 11 hy- 
drates pass and 6 fail on the 65 per cent 
requirement. The one putty mortar 
which was tested passed. Evidence 
that nature of the lime is more impor- 
tant than its quantity in affecting flow 
after suction is provided by the following 


data from laboratory H (these are the 
same mortars whose strengths were re- 


TABLE IV.—FLOW AFTER SUCTION OF MASONRY 
MORTARS, PER CENT OF INITIAL FLOW. 


Cement-Lime-Sand 
Mortars (1:1:6) 


Masonry Cement 
Mortars (1:3) 


Laboratory 10s | 135 


per | per 
cent | cent 
Flow | Flow 


72 | 71 
75 | 61 
95 | 89 


58 
59 


* Different limes. 
Lime putty instead of hydrate. 
© Different masonry cements. 
Same cements, different sands. 


ported in the section on strength of 
cement-lime mortar): 


Flow After Suction, per 
cent of initial flow 
With Lime 


Putty With Hydrate 


43 
43 
37 


The three mortars of 1:1:6 propor- 
tions using lime putty reported by lab- 
oratory L gave water retentions of 80, 
87, and 91 per cent, respectively. Since 
it was stated that initial flows were not 
measured, it must be assumed that these 
values represent “absolute flows.” 

The foregoing data are presented as 
information. Comment and discussion 
are desired. 

Respectfully submitted on behalf of 

W. McBurney. 
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ON 


MANUFACTURED MASONRY UNITS 


Committee C-15 on Manufactured 
Masonry Units held two meetings dur- 
ing the year: in Chicago, Ill., on June 
26, 1941, during the annual meeting of 
the Society, and in Cleveland, Ohio, 
on March 3, 1942. 

Since the 1941 annual meeting, two 
new members have been elected and one 
resignation accepted. The committee 
membership now totals 60, of whom 26 
are classified as producers, 12 as con- 
sumers, and 22 as general interest mem- 
bers. 

Subsequent to the 1941 annual meet- 
ing, Committee C-15 presented to the 
Society through Committee E-10 on 
Standards an extensive revision of the 
Tentative Specifications for Building 
Brick (Made from Clay or Shale) (C 62 - 
40T). The recommendation was ac- 
cepted! by Committee E-10 on August 
25, 1941, and the revised specifications 
now appear in the 1941 Supplement, 
Part II, under the designation C 62 - 
41 T. 

During the year Committee C-15 
recommended that all the standard 
specifications and methods under its 
jurisdiction be submitted to the Amer- 
ican Standards Association for ap- 
proval as American standard which 
approval has since been granted. The 
ASA numbers assigned to these stand- 
ards are indicated below: 


1In submitting this recommendation to Committee 
.-10 on Standards, Committee C-15 reported results of the 
etter ballot vote as follows: Of a total membership of 59, 
6 members returned their ballots, of whom 39 voted af- 
irmatively, 2 negatively, and 5 members marked their 


‘not veting.” 


Standard Specifications 

Structural Clay Load-Bearing Wall Tile (A.S. 
T.M. C 34-41; ASA A74.1-1942), 

Concrete Building Brick (C 55-37; A75.1- 
1942), 

Structural Clay Non-Load-Bearing Tile (C 56 - 
41; A76.1-1942), 

Structural Clay Floor Tile (C 57 - 39; A77.1- 
1942), 

Sand-Lime Building Brick (C 73-39; A78.1- 
1942), 

Hollow Load-Bearing Concrete Masonry Units 
(C 90-39; A79.1-1942), 

Hollow Non-Load-Bearing Concrete Masonry 
Units (C 129 — 39; A80.1-1942), 

Concrete Masonry Units for Construction of 
Catch Basins and Manholes (C 139-39; 
A73.1-1942), 

Solid Load-Bearing Concrete Masonry Units 
(C 145 —- 40; A81.1-1942), and 


Standard Methods of: 

Sampling and Testing Brick (C 67 - 41; A82.1- 
1942), 

Sampling and Testing Structural Clay Tile 
(C 112 — 36; A83.1-1942), and 

Sampling and Testing Concrete Masonry Units 
(C 140 —- 39; A84.1-1942). 


RECOMMENDATIONS AFFECTING _ 


STANDARDS AND TENTATIVE 


STANDARDS 


The committee is recommending the 
publication as tentative of a proposed 
revision of one standard and the adop- 
tion as standard of two tentative 
standards. Explanations of the recom- 
mended actions are given under Activi- 
ties of Subcommittees. Table I lists 
the recommendations and gives the 
results of the submittal of the items to 
letter ballot of the committee. 
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TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE. 


N 
rma-| Nega- |mar 
tive tive Ve 
I. Tentative REVISION OF 
STANDARD 
Methods of Sampling and 
Testing Brick (C 67-41; 
ASA A 82.1 - 1942).......... 31 0 12 
Il. Apoption or TENTATIVE 
STANDARDS AS STANDARD 
Spec. for Sewer Brick (Made 
from Clay or Shale) (C 32 - 
pec. for Paving Br ~ 


es ACTIVITIES OF SUBCOMMITTEES 
Subcommittee II on Clay Building 
Brick (J. W. McBurney, chairman).— 
A proposed Method of Test for Initial 
Rate of Absorption (Suction) of, Brick? 
prepared by this subcommittee as an 
additional test procedure for inclusion 
in the Standard Methods of Sampling 
and Testing Brick (C 67 —41)* is being 
recommended by Committee C-15 for 
publication as a tentative revision of 
this standard. Although the standards 
for brick do not include requirements 
for rate of absorption, this property 
sometimes is referred to in specifications 
for masonry walls. For this reason it 
seemed desirable to have available a 
standard method of testing. 
Subcommittee V on Paving Brick (W. 
F. Kellerman, chairman).—The Speci- 
fications for Paving Brick (C 7 —- 40 T)* 
prepared by this subcommittee have 
been published during the past two years 
as tentative and no unfavorable com- 
ments have been received concerning 
them. A recommendation for the adop- 
tion as standard of these specifications 
has been submitted to letter ballot of 


2 This method was accepted as tentative by the Society 
and epbeate in the 1942 Book of A.S.T.M. Standards} 
Part LI, p. 1098. 

1941 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 18. 

41940 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 183. 


the committee, subject to confirmation 


by the committee at its meeting during | "° f 
the 1942 annual meeting. tong 
Subcommittee VI on Sewer Brick (T. 4 ©O™ 
R. Lawson, chairman). — Substantial W 
agreement has now been attained as to Tha: 
the adequacy of the Tentative Speci- W. 
fications for Sewer Brick (Made from sults 
Clay or Shale) (C 32-39 and they 
are accordingly being recommended for 
adoption as standard. Buil 
Subcommittee VII on Glazed Brick and 
Tile (J. R. Kauffman, chairman).—Dur- 
ing the past two years considerable Bety 
progress has been made by the industry and 
on the standardization of sizes and limits }| PTF 
on dimensional tolerances, and repre- | —— 
sentatives of the industry have co-§ appr 
operated with the subcommittee by 


supplying the information needed in the 
preparation of revisions of the specifica- 
tions for glazed building units. An ex- 
tensive proposed revision of the current 
Tentative Specifications for Glazed 
Building Units (C 126-39 T) has been 
considered by the subcommittee and it 
is expected that this will be recom- 
mended for action during the current 
year. 

Subcommittee VIII on Structural Clay 
Tile (H. C. Plummer, chairman).—The 
Standard Methods of Sampling and 
Testing Structura! Clay Tile (C 112- 
36) and the Standard Definitions of 
Terms Relating to Structural Clay Tile 
(C 43 — 36) have been published without 
revision for six years. Inasmuch as no 
information is available indicating a 
need for revision, it is recommended 
that these standards be continued with- 
out change. 

Working Committee on Tests for Brick 
Prisms (H. C. Plummer, chairman).— 
Tests sponsored by the committee were 


5 1939 Book of A.S.T.M. Standards, Part II, p. 925. 
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reported by W. J. Krefeld® in 1938. As 
no further work on the subject is con- 
templated at present, this Working 
Committee has been discharged. 
Working Committee on Freezing-and- 
Thawing Tests for Masonry Units (J. 
W. Whittemore, chairman).—The re- 
sults of an investigation of the relations 
between properties of clay bricks de- 
fined in the Tentative Specifications for 
Building Brick (C 62—41T) and per- 
formance in freezing-and-thawing tests 
are reported in the paper on “Relations 
Between Results of Laboratory Freezing 
and Thawing and General Physical 
Properties of Certain Soft-Mud Bricks,” 


®W. J. Krefeld, ‘Effect of Shape of Specimen on the 
Apparent Compressive Strength of Brick Masonry,’ 
Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 363 (1938). 


MANUFACTURED Masonry Units 
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by J. W. McBurney which appears as 
an Appendix’ to this report. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 60 members; 41 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


Tentative Revisions of Standard: 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee C-15 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Methods of Sampling and Testing Brick (C 67 — 41), comprising a Method 
of Test for Efflorescence of Brick and 


Chairman. 


Specifications for Hollow Load-Bearing Concrete Masonry Units (C 90 


ity: 
These recommendations were accepted by Committee E-10 on August 24, 
1942. The tentative revision of Standard C 67, was incorporated in the new 
Tentative Method of Test for Initial Rate of Absorption (Suction) and Efflores- 
cence of Brick (C 67 - 42 T) which appears in the 1942 Book of A.S.T.M. Stand- 
ards, Part II, p. 1098; the tentative revision of Standard C90 appears in the 
same book on p. 1440. 
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Committee C-16 on Thermal Insulat- 
ing Materials and its subcommittees 
held meetings on two occasions during 
the past year. One of these was on 
October 16, 17, and 18, 1941, at Nittany 
Lion Inn, State College, Pa., and the 
other on March 5 and 6, 1942, at the 
Hotel Cleveland, Cleveland, Ohio, during 
the spring group meetings of the Society. 
At the latter meeting the subcommittee 
arrangement that had been in force 
since the organization of the committee 
was suspended and a temporary reor- 
ganization effected in order to expedite 
the preparation of war-emergency 
specifications. In making this change 
an effort was made to subdivide the 
work of the committee among a larger 
number of subgroups. These temporary 
emergency subgroups were assigned por- 
tions of the work as follows: 


Block Insulation, 
Structural Insulating Board, 
Pipe Covering, 


On Insulating Cement, 


On Loose-Fill Insulation, and 

bat a On Blanket and Semi-Rigid Types of Insu- 
lation. 


Subcommittee V on Thermal Proper- 
ties Other Than Thermal Conductivity 


onductivity were not included in the 
eorganization. 

It is the intention, as soon as the 
National Emergency has passed, to 
reinstate the previous subcommittee 
tructure in so far as this seems 
At the March meeting of the com- 


nd Subcommittee VI on Thermal 
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mittee the following officers were elected 
for the ensuing term of two years: 

Honorary Chairman, J. H. Walker. 

Chairman, E. T. Cope. 

Vice-Chairman, H. H. Rinehart. 

Secretary, Ray Thomas. 

Advisory Committee, Walter Sinclair, 
H. W. Greider, and B. A. 
Hollenbeck. 

Since the last report, the committee 


has gained eight new members and has 
lost one who has retired because of 
pressure of war work. 


New TENTATIVE STANDARD 

The committee recommends that the 
proposed Tentative Method of Test for 
Thermal Conductivity of Materials by 
Means of the Guarded Hot Plate be 
accepted for publication as tentative as 
appended hereto.' 

This method was developed by the 
Joint £ommittee on Thermal Con- 
ductivity of all Forms of Insulation 
sponsored by the American Society of 
Heating and Ventilating Engineers, the 
American Society of Refrigerating Engi- 
neers, the National Research Council, 
and A.S.T.M. The A.S.T.M. repre- 
sentation on the Joint Committee is 
held through Subcommittee VI of Com- 
mittee C-16. 

Before submitting this new proposed 
tentative method of test to letter ballot 
of the membership of Committee C-16, 
a series of tests was conducted in each of 


six laboratories available to different 
1 This method was accepted as tentative by the Society 


and 5 ne in the 1942 Book of A.S.T.M. Standards, 
Part p. 1131. 
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members of the Joint Committee. Each 
of these laboratories was equipped with 
a guarded hot plate that conformed to 
the specifications agreed on by the joint 
committee and was operated as specified 
in the proposed method of test. Four 
types of material were tested and the 
same specimen of each was tested in 
two or more laboratories. 

The results obtained in all cases were 
in satisfactory agreement. The studies 
carried on in connection with this 
method are discussed in a report pre- 
pared by F. C. Houghten on “Con- 
ductivity Determination by the Guarded 
Hot-Plate Method,” which appears in 
an Appendix to this report. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 45 members; 37 mem- 
bers returned their ballots, of whom 37 
have voted affirmatively, 0 negatively, 
and 0 members marked their ballots 
“not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


As noted earlier in this report, the 
activities of Subcommittee IT on Physical 
Properties of Preformed Block Insula- 
tion, Subcommittee III on Physical 
Properties of Insulating Cements, and 
Subcommittee IV on Physical Proper- 
ties of Blanket, Flexible, Loose-Fill, and 
Miscellaneous Types of Insulation, 
active prior to the Cleveland meeting, 
have been suspended for the duration 
or until such time as reinstatement is 
deemed advisable. This suspends much 
of the study and voluntary research 
work that was being expended on meth- 
ods of testing. The work being done 
was of such excellent quality that it 
should be continued as soon as possible. 

The redistribution of the work of these 
three subcommittees was as follows: 

Subgroup A on Physical Properties of 
Block Insulation (R. H. Jebens, acting 
a —This group is collecting 


ON THERMAL INSULATING MATERIALS. 


for the determination of thermal « con- 


data on test methods from all available 


sources, the best of these will be adopted 
and temporary war emergency purchas- _ 


ing specifications will be prepared for 


presentation to the committee at its next 
meeting, scheduled to be held during 
the annual meeting of the Society in 
June. 

Subgroup B on Structural Insulating 
Board (E. C. Lloyd, chairman) 

Subgroup C on Pipe Covering (Ray 
Thomas, chairman) 

Subgroup D on Insulating Cement — 
(H. H. Rinehart, chairman) 

Subgroup E on Loose Fill Insulation 

Subgroup F on Blanket and Semi- 
Rigid Types of Insulation (R. E. Cryor, 


chairman) 


All the subgroups pursued the same ste 


plan as that outlined for Subgroup A 


and all are expecting tooffer Emergency 


Specifications at the next meeting of 
the committee. 

Subcommittee VI, the A.S.T.M. Group 
of the Joint Committee on Thermal Con- 
ductivity of all Foyms of Insulation 
(F. C. Houghten, chajrman).—This sub- 


committee held two meetings during SENS 


the past year. The Joint Committee 
is sponsored by the A.S.H.V.E., | 
A.S.R.E., N.R.C., and A.S.T.M. The © 
program of testing to 
whether the values of thermal con- 
ductivity of given specimens as obtained 
by different cooperating laboratories 
using the Proposed Tentative Method 
of Test for Thermal Conductivity of 
Materials by Means of the Guarded © 
Hot Plate, would be in satisfactory 
agreement was reported on and the | 
results submitted to the committee. 
These results showed that the proposed © 
method contained the essential elements 
necessary for obtaining satisfactory re- 
sults by its use. 

This subcommittee further started a 
study of the guarded hot box method 


determine 
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ductivity of walls and other fabricated 
heat barriers. 

Subcommitiee VII on Dimensional 
Standards for Preformed Insulation (Ray 
Thomas, chairman).—This subcommit- 
tee has collected and reported on a great 
mass of data and has proposed elimina- 
tion of certain present dimensions now 
in use. These proposals have been sub- 
mitted to the manufacturers for com- 
ment and this whole matter of dimen- 
sional standards may ultimately be 
handled solely within the industry. 

Subcommitiee on Editing (C. B. Brad- 
ley, chairman).—As mentioned in last 
year’s report, this subcommittee rarely 
holds formal meetings but does its work 
by correspondence, suggesting changes 
in form and style of proposed methods 
so that they conform to A.S.T.M. 
standard practice. 
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Subcommitiee for Liaison with 
A.S.T.M. Committee C-8 on Refrac- 
tories (R. H. Heilman, chairman).— 
This subcommittee has held no meetings 
during the past year as no matters 
requiring adjustment between Com- 


mittees C-8 and C-16 have arisen. 


This report has been submitted to 
letter ballot of the committee which 
consists of 45 members; 37 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. H. WALKER, 
Chairman. 


E. T. Cope, 23 


the emergency procedure: 
Emergency Specifications for: 


F. (ES-12), 


1900 F. (ES-13), 


EprroriAL Notre 


85 per cent Magnesia Thermal Insulating Cement (ES-8), 
Long-Fiber Asbestos Thermal Insulating Cement (ES-9), 
a Mineral Wool Thermal Insulating Cement (ES-10), 
ae aa Expanded or Exfoliated Mica Thermal Insulating Cement (ES-11), 
* 3 ~ Fan Diatomaceous Silica Thermal Insulating Cement, for Use from 600 to 


Secretary. 
nadia 


| Subsequent to the annual meeting, Committee C-16 presented to the Society 
ss through Committee E-i0 on Standards the following recommendations under 


Diatomaceous Silica Thermal Insulating Cement, for Use from 1200 to 


Blanket Thermal Insulation for Building Purposes (ES-14), 
Blanket Thermal Insulation for Industrial Purposes (ES-15), 
Blanket Thermal Insulation for Refrigeration Purposes (ES-16), 
inet Preformed Pipe Covering Thermal Insulation (ES-17), 
Preformed Block Thermal Insulation (ES-18), and 
Structural Board Insulation (Thermal Insulation) (ES-19). 
These new emergency specifications were accepted by Committee E-10 on 
August 24, 1942, and assigned the A.S.T.M. serial designations indicated above. 
They appear in the 1942 Book of A.S.T.M. Standards, Part II, pp. 1026 to 
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i aa CONDUCTIVITY DETERMINATION BY THE GUARDED aie 


A report rt on behalf of th of the Joint Committee on Thermal Conductivity of hee A. S. H. V.E 
A.S.T.M., A.S.R.E., and the National Research Council! 


APPENDIX 


PREPARED BY F. C. HouGHTEN? 


In the codification of any testing 
method there is always the question as 
to whether the method and apparatus 
to be used should be limited to a single 
set procedure or design, or whetherthe 
procedure to be followed and the specifi- 
cations of the apparatus to be used 
should be limited only in so far as is 
necessary to obtain the desired result, 
leaving to the individual laboratory as 
much discretion in design and procedure 
as possible. In the development of the 
code* by the Joint Committee on 
Thermal Conductivity! this question 
was given very careful consideration, 
with the result that the committee 
agreed on the latter course, namely, 
that the standard method should outline 
principles in procedure and necessary 
limitation in the design of the apparatus 
to be used, and leave to the discretion 
of the engineer making the test as much 
latitude as possible. 

The reasons for the wide latitude 
permitted were more compelling than is 
usually the case since the test is designed 


1 The a * of the Joint Committee consists of the 
following: F.C. Houghten, ag C.B. H.C. 
Dickinson, i W. Eagles, R H. Heilman, . R. Queer, 
, T. S. Taylor, i B. Wilkes 

The A "M. representatives on the Joint Committee 
comprise eee VI of Committee C-16 on Thermal 
Insulating ae together with Messrs. J. D. Babbitt, 
Ralph Bowman, L K. Jones and H. G. Knode. 

? Director of Research, American Society of Heating 


ineers, Pittsburgh, Pa. 

or Testing Thermal onductivity b Means 
of the me ape ing has been accepted by the Joint 
Committee and option by 
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for use on materials having conductivities 
ranging up to 5.0 Btu. per sq. ft. per hr. 
per deg. Fahr. per in. and over the 
extremely wide temperature range from 
—50 to 1400 F. Further, the test 
procedure is designed for the testing 
of rigid board material, for flexible 
materials including blankets, and for fill 
materials. While a single test proce- 
dure, including the design of the 
apparatus to be used, might conceivably 
be developed, a wide latitude is highly 
desirable. As an example, for the deter- 
mination of conductivities in the low 
and moderate temperature fields many 
materials are available for the con- 
struction of the plate itself, since 
deterioration from heating to high tem- 
perature will not occur, while for testing 
of materials in the upper part of the 
—50 to 1400 F. range few materials 
are available. Again, a guarded hot 
plate that is to be used only for the 
determination of conductivity of insu- 
lating materials having low conductivi- 
ties, say between 0.25 and 0.50, will 
require a low energy transformation 
rate in the heater, while if the plate 
is to be used for testing materials having 
higher conductivity the energy trans- 
formation rate must be greater and the 
wiring of the heater coils different. 
Further, in order to permit experi- 
mentation in the opeminn of the test, 


ty, 
to 
ick 
ers 
ave 
bin 
an. 
: 
| 
gales 
= 
4 
‘ 


it seemed desirable to allow the indi- 
vidual as much latitude as possible. 
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Fic. 1.—Schematic Diagram Showing General 
Features of the Guarded Hot Plate. 


A = Central Heater. 

B = Central surface plates. A and B comprise the cen- 
tral section of heating unit. 

C = Guard heater. 

D = Guard surface plates. C and D 

A, B, C, and 


( the guard 
section of heating unit. comprise the 
heating unit. 

E = Cooling units. 

E, = Cooling unit surface plates. 
F = Differential thermocouples. - 
G 
1 


~ 


= Heating unit surface thermocouples. 
= Cooling unit surface thermocouples. 
= Test specimen. 


To those particularly interested in the 
comparability of the test results, it may 
seem that this wide latitude might defeat 


the real purpose of the code; that is, it 
may appear that two laboratories oper- 
ating under the limitations of the code 
and using variations in the apparatus 
and performance permitted might be 
expected to obtain different results 
for a given material. While the mem- 
bers of the committee had complete 
confidence that the limitations imposed 
would permit no such variations, it 
nevertheless agreed that a series of tests 
(on the same samples of a number of 
types of materials) should be made by 
different laboratories, all operating under 
the code. This paper therefore deals 
with this program and the results 
obtained. , 


THe GUARDED Hot PLATE 


The test procedure does not include 
detailed specifications for the construc- 
tion or operation of any particular 
guarded hot plate for determining con- 
ductivity values. Any plate complying 
with the limitations set forth will be 
satisfactory. For the convenience of 
new workers in the field, arrangements 
have been made for making available 
complete specifications and directions for 
the building and use of three typical 
guarded hot plates complying with the 
requirements of the code and known 
as the National Bureau of Standards 
plate, the National Research Council 
plate, and the Alundum plate. The 
National Bureau of Standards plate and 
the National Research Council plate are 
square and the heated surfaces are of 
metal. The Alundum plate is built with 
the heating coils molded into alundum 
cement so as to give a circular plate 
with alundum cement surfaces. It has 
the obvious advantage of being usable in 
the moderately high-temperature field. 

The general features of the guarded 
hot plate are shown in Fig. 1. Plates 
are usually square, but round plates 
are occasionally used. The term 
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‘guarded hot plate” is applied to the 
entire assembled apparatus, including 
the heating unit and the cooling units. 
The heating unit consists of two sec- 
tions: a central section and a guard 
section. The central section consists 
of a central heater and two central 
surface plates. The surface plates are 
usually made of noncorrosive, highly 
conducting metal; however, the central 
section and the guard section of the 
heating unit may each be molded of 
alundum cement or other materials of 
low conductivity so as to include both 
the heater and the surface plates. The 
guard section consists of one or more 
guard heaters and the guard surface 
plates, except that both the heater and 
the surface plates may be one piece 
when alundum cement or other material 
of low thermal conductivity is used. 

In the hot plate shown in Fig. 1, 
heat is supplied electrically to the heating 
sections, A and C. Since C surrounds 
and “guards” against radial heat flow 
from A, that generated within A is 
permitted to flow only laterally through — 
B—B and thence through the two 
identical samples of material between 
E and B. The requirements for a 
satisfactory test are met when this 
condition is realized within the limits of 
accuracy required: namely, when all of 
the heat generated in A flows uniformly 
and laterally in both directions in 
straight and parallel lines through B, 
thence through the two samples of insu- 
lating materials to the heat absorber E. 

The committee recognized the need of 
basing certain limitations in design 
upon the character of the material to 
be tested and its unit conductance. 
As an example, for nonrigid materials, 
whose surface would conform to the 
surfaces of B and E, and which have 
unit conductances not to exceed 1.0 
Btu. per sq. ft. per hr. per deg. Fahr. 
per in., the temperature of the surfaces 
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of B and E may be assumed to be at the 
temperature of the material under test; 
while for rigid materials not conforming 
readily to the surfaces of B and E, 
and for all materials having a unit 
conductance exceeding 1.0 Btu. per sq. 
ft. per hr. per deg. Fahr. per in., the 
surface temperatures must be deter- 
mined by thermocouples having their 
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junctions immediately in contact with 


the test sample. 


VARIATIONS IN TEST SAMPLES 


Members of the Joint Committee 
were further confident that the varia- 
TABLE I.—INSULATION MATERIALS TESTED AT 

DIFFERENT LABORATORIES BY THE USE OF 

DIFFERENT TYPES OF PLA 


| Labo- 


Material eatery Type of Plate 
B Bureau of Standards, 18 in 
Low-conductivity 8% i 
inorganic fill c National Research Council, 
12 in. square 
B Bureau of Standards, 18 in 
Low-conductivity E Natlonal R h Council, 
inorganic board 12 square 
D Alundum, 9% in. round 
National Research Council, 
12 in. square 
Lew-condectivity E National Research Council, 
organic 12 in. square 
F Bureau of Standards, 18 in. 
square 
Bureau of Standards, 18 in. 
High-conductivit E National Research Council 
inorganic boar board 12 in. square : 
D Alundum, 9% in. round 


tions in conductivity values obtained by 
different laboratories under past prac- 
tices resulted more from the selection 
and treatment of the sample under test 
than for any other reason. The code 
therefore goes to considerable length in 
the selection of the samples, in fixing 
the number of samples of a given ma- 
terial to be tested, and the number of 
individual tests to be made on each of 
these samples, in order to insure that the 
results obtained from the test reasonably 
pegeenent a given material. The code 
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TABLE IL.—DATA RELATING TO TESTS ON LOW 
CONDUCTIVITY INORGANIC FILL INSULATION. 


Test Value | ture of 
est Value | tureo 
Mean Yates af of K, per Test Labo- 
Tem- tivity K \cent of Value} Value ratory 
rature, Obtained Qdtained , K from 
eg. Fahr rom Mean ean est 
from Test Curve Fig. z| Curve, 
per cent 
79.0.... 0.540 100.0 0 B 
100.2 +0.2 ¢ 
0.547 101.3 +1.3 Cc 
104.5 0.565 101.3 +1.3 B 
109.0 0.561 100.0 0 Cc 
109.2 0.553 98.6 —1.4 Cc 
132.8 0.580 100.7 7 B 
137.1 0.568 98.3 —1.7 Cc 
138.5 0.563 97.4 —2.6 Cc 
157.6 0.605 102.4 +2.4 B 
228.0... 0.617. 97.9 —2.1 A 
0.659 103.6 +3.6 B 
320.0 0.650 98.8 —1.2 A 


further specifies at considerable length 
the treatment of the sample and the 
placing of it in the apparatus, including 
the condition of dryness, the tempera- 
ture at which it had been previously 
heated, the weighing, and measuring of 
its thickness. 


‘Test PROGRAM AND RESULTS 
a The program of tests included the 


use of each of the three plates mentioned 


above. Six laboratories participated 
in the program, using two Bureau of 
Standards plates, 18 in. square, two 
National Research Council plates, 12 
in. square, and two Alundum round 
plates, 8$ in. and 9% in. in diameter, 
respectively. The materials tested cov- 
ered a wide range in conductivity and 
maximum temperature to which they 
might be used. The materials tested 
and the type and size of plates used are 
given in Table I. 

In the case of each insulating material 
tested, samples were chosen and heat 
treated to or above the maximum tem- 
perature at which they might be tested. 
These samples were then carefully 
guarded in shipment from one laboratory 
to another, and each laboratory tested 
the sample following all the provisions 
of the test code, including the drying 
of the sample. In each case the material 
was first tested by the laboratory requir- 
ing the largest area or lateral dimensions 
of the sample; the next laboratory 
testing the sample cut it down to the 
size required by its apparatus. For the 
single fill material tested, a sufficient 
amount of the sample was chosen, heat 
treated, and thoroughly mixed; this 
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Fic. 2.—Conductivity-Mean Temperature Curves for Low-Conductivity Inorganic Loose-Fill 
Insulation. 
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TABLE III.—DATA RELATING TO TESTS ON LOW- 
CONDUCTIVITY INORGANIC BOARD 


CONDUCTIVITY BY GUARDED Hot-PLATE METHOD 


amount was then divided into three parts 


INSULATION. for distribution among the three labora- 
Depar tories making the test. 

Mean | Value of per All test results from each individual 
tivity “Obtained” lof Makizg laboratory were kept confidential and 
deg. Fabt.ltrom Test Fig'3 Test sent to the Research Laboratory of the 

per cent American Society of Heating and Ven- 
= tilating Engineers, where the Chairman 
of the Joint Committee compared them 
79.0 0.532 101.9 +1.9 B and plotted the data as, shown in Figs. 
122.4 0.855 102.0 +2.0 B 2 to 5. Each point for the different 
163.0... | 0.572 101.6 +16 D materials plotted in Figs. 2 to 5 repre- 
4 sents a single test at a given mean 
D temperature made by one of the par- 
298.2,..... 0.621 99.8 —0.2 B ticipating laboratories; curves were 
309.0 0.632 100.5 +0.5 D drawn to represent the best fit for all 
364.0...... 0.654 100.3 40.3 D the tests of a given material. 
Tabulated data, Tables II to V, in 
connection with the curve for each ma- 
447.0 0.677 99.0 —1.0 D terial give a comparison of the con- 
$04.9...... 6.709 100.6 +s 4 ductivities found by each individual test 
516.0...... 0.706 99.6 —0.4 D and that of the common curve for the 
material. It will be observed that the 
$69.0... 0.732 99.6 D point showing maximum deviation from 
672.0...... 0.758 108.5 the common curve value was +3.6 
per cent for low-conductivity inorganic 
$0.70 wt 
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TABLE IV.—DATA RELATING TO TESTS ON LOW- 


| Depar- | 
ne Value of | Test Value | ture of 
T n | Conduc- of K,per | Test Labo- 
| tivity K | cent of Value; Value | ratory 
perature, | Obtained| Obtained | of K from) Making 
Fabs from from Mean Mean Test 
Tests | Curve, Fig.4|) Curve, 
per cent | 

31.5 0.345 101.8 +1.8 E 

70.0 0.362 101.1 +1.1 E 

71.0 0.387 | 9.7 | F 

75.1 0.353 98.1 —1.9 F 

80.0 0.362 100.0 0 F 

83.6 0.360 | 98.9 —1.1 F 

8$4.0....| 0.364 100.0 0 F 

93.2....| 0.365 | 98.9 —1.1 F 

93.4....| 0.370 100.3 +0.3 F 

93.7....| 0.366 99.2 —0.8 F 
100.5... 0.368 98.9 —1.1 ¢c 
101.0....| 0.365 98.1 —1.9 | Cc 
124.0....| 0.384 100.3 +0.3 | E 
184.9. . 0.411 99.8 —0.2 | E 


fill, —2.9 per cent for low-conductivity 
inorganic board, —1.9 per cent for low- 
conductivity organic board, and +6.6 
per cent for high-conductivity inorganic 
board, while the average deviations of 
all the individual test points for the four 
representative materials were 1.42, 0.87, 
0.85, and 4.2 per cent, respectively. 
Except for the high-conductivity ma- 
terial, which is recognized as being more 
difficult to test, the check was unusually 
good, while even for the high-conduc- 
tivity material, the deviation from 
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the average for the worst test was only 
+6.7 per cent, while the average devia- 
tion was +4.2 per cent; thus adequately 
justifying the point of view of the 
committee in permitting as much varia- 
tion as was considered to be consistent 
with the requirements of the code, and 
indicating clearly that where the test 
procedure laid down in the code was 
followed the resulting average curve 
drawn gives values accurate to a very 
small percentage. 

The test results plotted in Figs. 2 to 5 
further indicate certain desirable re- 
quirements in the satisfactory testing 
of a given material in order to make it 
possible to draw curves showing the 
conductivity of the material over a wide 
mean temperature range. The four 
test points at mean temperatures of 80, 
90, 92, and 100 F. by Laboratory B 
for high-conductivity inorganic struc- 
tural insulating board indicate the 
desirability of spreading such tests over 
a wider mean temperature range cover- 
ing the entire range from which conduc- 
tivity is to be predicted; that is, the 
small percentage variation in the con- 
ductivity indicated by different tests 
when made over a narrow range in mean 
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TABLE V.—DATA RELATING TO TESTS ON HIGH- 
CONDUCTIVITY INORGANIC 
STRUCTURAL BOARD. 


Test Value 
K, per 


Depar- 
ture of | 
of K, Test | Labo- 
cent of Value} Value ratory 
tain lof K from| Making 
from Mean | Mean Test 
Curve, Fig.4.| Curve, 
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temperature may so fall as to indicate a 
conductivity-mean temperature curve 
that, if extrapolated, would give highly 
erroneous results. 

The test results also show the fact 
assumed by the committee, that the 
variations obtained by tests either by 
the same laboratory or by different 
laboratories for a given material, will 
depend more upon choice and treatment 
of the sample than upon the procedure 
of the test and the apparatus used. It 
is probable that the differences between 
carefully selected samples of each of the 
four materials would be as great as 
variation in individual values obtained 
for the same sample tested in the differ- 
ent laboratories; or, in other words, the 
results show that the code proposed is 
probably more accurate in giving com- 
parable results than the manufacturer’s 
control in manufacturing. 
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Mr. E. T. Cope! (presented in written 
form).—Satisfactory agreement between 
the values obtained by several investi- 
gators when testing a given specimen of 
a material is the strongest evidence ob- 
tainable to confirm the correctness of the 
procedure followed. This applies to 
Mr. Houghten’s paper. The fact that it 
was not found necessary to make any 
change in the Proposed Tentative 
Method of Test for Thermal Conduc- 
tivity by Means of the Guarded Hot 
Plate as a result of the tests reported on 
in the paper confirms the wisdom of the 
choice of approach emphasized by Mr. 
Houghten. Some of those interested in 
the preparation of this test method felt 
that a specific design of hot plate was 
the best solution of the problem. Had 
the field been virgin, this would have 
been the logical procedure. However, 
there were already several experimenters 
in this country who were obtaining re- 
sults that were in good agreement but 
whose guarded hot plates differed some- 
what indesign. Obviously some of these 
devices would not have conformed to a 
specific design. The tests show that a 
specific design was not warranted. 

The Joint Committee on Thermal 

1 Chairman, Committee C-16 on Thermal Insulating 


Materials; Research Dept., The Detroit Edison Co., 
Detroit, Mich. 


Conductivity of All Forms of Insulation, 
by pursuing the course it has followed, 
placing the emphasis on preparation of 
specimens and on the operation of the 
test, has avoided the pitfalls of contro- 
versy and has produced a test procedure 
that has been shown by the tests to 
yield results that are in satisfactory 
agreement. 

The consumer group is greatly inter- 
ested in this test procedure. In the 
minds of some insulation men among 
this group, thermal conductivity is the 
most important characteristic of heat 
insulation. While the writer cannot go 
all the way with these engineers in this 
particular, still when he uses values of 
thermal conductivity he wants to be sure 
what degree of confidence can be placed 
in them. This is the demand of all 
consumer engineers when heat insulation 
is considered. 

The joint committee has produced a 
method of test embodied in the proposed 
tentative method that should inspire 
confidence because it has gone further 
than the preparing of a code—it has 
proved that the code works. The com- 
mittee is to be congratulated upon the 
successful completion and verification of 
this task. 
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Due to the fact that some members of 
this committee have been devoting 
practically all of their time to emergency 
work, no meetings of Committee C-18 
on Natural Building Stones were held 
during the past year. There was con- 
siderable activity in revising definitions 
for various types of stone, formulating 
test procedures, and preparing specifica- 
tions for surface finishes. 

There have been two resignations in 
the producer group. The committee 
now consists of 21 members, classified as 
follows: 8 producers, 7 consumers, and 
6 general interest members. 

Three members of this committee 
were asked to attend a conference at the 
National Museum on December 19, 
1941, the purpose of which was to offer 
suggestions in regard to a suitable dis- 
position of the building stone collection. 
Excessive loads on the floors and demand 
for more space made it necessary for 
the Museum to discard some of the 
heavy displays. A suggestion by some 
of the members of this committee, that 
the stone collection be turned over to 
the National Bureau of Standards for 
research purposes, was accepted, and 
the collection has been moved to storage 
until conditions will permit the con- 
struction of an exposure-test wall. 
Since the collection contains representa- 
tive samples from practically all of the 
important building stone deposits of 
this country and foreign countries, it is 
expected that the test will supply con- 
siderable information on the durability 
of various stones. This committee is 
cooperating in the plans for the test and 
will follow the results with great interest. 
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REPORT OF COMMITTEE C-18 
ON 

NATURAL BUILDING STONES 


Subsequent to the annual meeting, 
Committee C-18 presented to the So- 
ciety, through Committee E-10 on 
Standards, a new Proposed Method of 
Test for Compressive Strength of 
Natural Building Stone. This method 
was accepted’ by Committee E-10 for 
publication as tentative on October 23, 
1941, and appears in the 1941 Supple- 
ment to Book of A.S.T.M. Standards, 
Part II, p. 275, bearing the A.S.T.M. 
serial designation C 170-41 T. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IT on Nomenclature and 
Definitions (L. W. Currier, chairman).— 
One meeting of this subcommittee was 
held since the last report was presented. 
Definitions were formulated for granite, 
sandstone, limestone, brownstone, mar- 
ble, and dolomite. It was not found 
possible to formulate a restrictive defini- 
tion for granite that would include all 
of the products now marketed as 
“granite,” so it was decided to define 
separately the terms, commercial 
granite and black granite. A similar 
difficulty has been found in defining the 
term marble due to the fact that serpen- 
tine and travertine are commonly 
known in the trade as marble. The 
definitions of the above terms have 
been submitted to the members of the 
entire committee for comment, and a 
few criticisms were received with respect 
to the definitions of granite and marble. 
Further attention is being given to 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee C-18 reported results of the 
a ballot vote as follows: a total membership of 

19 members returned their ballots, of whom 17 voted 
pte mg 0 negatively, and 2 members marked their 
ballots “‘not voting.” 
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these terms in the hope of making the 
definitions generally acceptable. 

Since some of the limestones possess 
certain characteristics of marble, it is 
difficult to establish a satisfactory de- 
marcation between the two types. The 
commonly accepted distinction is that 
marble will take a polish while limestone 
will not. This criterion is not an 
entirely satisfactory means of distin- 
guishing the two materials, because 
some of the limestones will take a low 
grade polish almost equal to that of 
some of the marbles. For this reason 
some attention has been given methods 
of evaluating different degrees of polish. 
Through the generous cooperation of 
R. J. Shank and Mr. Schwartz, of 
Ohio State University, measurements 
were obtained on nine polished samples 
of stone of various colors and degrees of 
polish. The apparatus was designed for 
measuring the smoothness of finish on 
metals, and the results are based on 
surface reflectance. Due to the trans- 
lucency of many marbles, there is a 
variable amount of subsurface reflection, 
depending largely on the color, and this 
makes the results on marbles rather un- 
certain. Two other methods were tried 
on a few samples to get a comparsion 

tween the sharpness of image and the 
specular reflectance tests. The sharp- 
ness of image method seems to afford a 
satisfactory means of evaluating polish 
on stone, but a large number of measure- 
ments on various materials would be 
‘hhecessary to establish suitable limits. 

Subcommittee III on Test Procedures 
(D. W. Kessler, chairman).—The test 
_ procedure for determining compressive 
_ strength of stone was revised to meet 
certain objections and wer by 


October 23, 1941, this menetell Method 
of Test for Compressive Strength of 
Natural Building Stone was accepted 
by Committee E-10 for publication as 
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tentative and issued under the designa- 
tion C 170-41 T, as mentioned earlier 
in this report. 

This subcommittee has also devoted 
some time to the study of hardness tests 
to determine a suitable procedure for a 
hardness test method. 

Subcommittee IV on Quality Specifica- 
tions (W. C. Clark, chairman).—This 
subcommittee has held no meeting dur- 
ing the past year, but so far as possible 
is cooperating in an investigation at the 
National Bureau of Standards to deter- 
mine a method to distinguish slates of 
the fading and nonfading varieties. The 
outcome of this investigation will prob- 
ably have a bearing on the future 
operations of this subcommittee with 
respect to specifications for roofing slate, 
and the results are being followed with 
interest. 

Subcommittee V on Surface Finishes 
(H. L. Smith, chairman).—This sub- 
committee has made further studies of 
surface finishes on various types of 
stones. The granite industry has sup- 
plied specifications for nine types of 
finish on their product and all of these 
types are being studied looking toward 
their inclusion in an A.S.T.M. standard. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 

This report has to 
letter ballot of the committee which 
consists of 21 members; 17 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


Watton C. CLARK, 


Chairman. 
D. W. KessteR, 
Secretary. | 
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REPORT OF COMMITTEE D-i 


PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: on June 25, 
1941, in Chicago, Ill., during the annual 
meeting of the Society, and on March 6, 
1942, in Cleveland, Ohio, during the 
spring group meetings of the Society. 

Committee D-1 at the last two meet- 
ings arranged for the presentation of 
talks by J. B. Davis and M. Rea Paul 
on the activities of the War Production 
Board in the protective coating field, 
and also a talk by John Iliff on the 
studies being conducted by Subcom- 
mittee XXTX on Painting of Structural 
Iron and Steel, of Committee D-1. 

During the past year two new sub- 
committees have been appointed, Sub- 
committee III on Bituminous Emul- 
sions with E. F. Hickson as chairman, 
and Subcommittee IV on Traffic Paints 
with Anthony Skett as chairman. Sub- 
committee XXVIII on Specifications 
for Spar Varnish has been discontinued. 

Clinton Grove has been appointed as 
the representative of Committee D-1 
on Subcommittee XIII on Hydrogen 
Ion Determination, of Committee E-1 
on Methods of Testing. 

During the year, Committee D-1 has 
recommended submittal by the Society 
of four of its standards covering shellac 
to the American Standards Association 
for approval as American standard. 
Thirty-five standards under the jurisdic- 
tion of Committee D-1 have been ap- 
proved by the American Standards 
Association as American standards. 


Since the last annual meeting, 28 new 
members have been elected, 8 resigna- 
tions have been accepted, and 2 deaths 
reported, leaving a total membership 
of 284. 


Of the one adviser and sixteen sub- | 
two furnished reports of — 
progress and eleven submitted detailed © 


committees, 


reports affecting standards, which have 


resulted in the committee making the — 
recommendations given below to be — 


acted upon at the annual meeting. 
In this report, recommendations af- 


fecting standards and tentative stand- _ 


ards are noted in brief form below, 
together with the results of the letter 
ballot. 


tees directly responsible for them. 


EMERGENCY PROVISION AND 
STANDARD 

As mentioned later in this report, the 
committee submitted, under the new 
emergency procedure, an Emergency 
Alternate Provision in the Standard 
Specifications for Basic Sulfate White 
Lead (D 82-41) as well as an Emer- 
gency Method for Conducting Salt Spray 
Tests on Organic Protective Coatings. 
These two recommendations were ap- 
proved by Committee E-10 on March 
27 and April 6, 1942, respectively. 
Emergency Provision EA 
issued in the form of a pink sticker for 
attachment to the standard.! 
gency method under the designation — 
ES -3 was also sedate in separate 
form. 


These recommendations are ex- 
plained in the reports of the subcommit- — 


D 82 was | 


The emer- | 


| 


ty 


I. New TENTATIVE STANDARDS 
The committee submits for publica- 

tion as tentative the following two new 

specifications and three methods of test: 


Specifications for:* 

C. P. Toluidine Toner, proposed by Subcom- 
mittee XV, 

Chrome Yellow and Chrome Orange®, to replace 
immediately the Standard Specifications 
D 211-41 which are recommended for with- 
drawal, proposed by Subcommittee XV. 


Methods of? 


Test for Abrasion Resistance of Organic Coat- 
ings with the Air Blast Abrasion Tester, 
proposed by Subcommitte XXV, 

Test for Spectral Characteristics and Color of 
Objects and Materials, to replace imme- 
diately the present Standard D 307-39 
which is recommended for withdrawal, pro- 
posed by Subcommittee XVIII, and 

Test for Consistency of Exterior House Paints 
and Enamel-Type Paints, to replace the 
present Standard D 562 -41 which is recom- 
mended for withdrawal, proposed by Sub- 
committee VIII. 


II. Revisions OF TENTATIVE 
STANDARDS 
The committee recommends that the 
following tentative method of test and 
definitions be revised as referred to in 
the reports of the subcommittee and 
continued as tentative: 


Tentative Methods of? 


Sampling and Testing Aluminum Powder and 
Paste (D 480-417), proposed by Subcom- 
mittee VIII, and 


Tentative Definitions of :* 


Terms Relating to Paint, Varnish, Lacquer, and 
Related Products (D 16-41 T), proposed by 
Subcommittee VI. 


III. REvisIon OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption, revisions in the fol- 


* These specifications and methods were accepted as 
tentative by the Society and anpeet in the 1942 Book of 
A.S.T.M. Standards, Part II, pp. 1343, 1341, 1368, 1374, 


1372, 
Su ~y to Book of A.S.T.M. Standards, 
pp. 378, 406 


tant 


lowing standard, and accordingly asks 
for a nine-tenths affirmative vote at the 
annual meeting in order that - these 
modifications may be referred to letter 
ballot of the Society: 
Standard Methods of 


Sampling and Testing Lacquer Solvents and 


Diluents (D 268 - 41), proposed by Subcom- 
mittee XXV. 


IV. OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard, and 
that the one so indicated be revised as 
referred to in the rept of the sub- 
committee: 


Tentative Specifications for* 


Barium Sulfate Pigments (D 602 -41T), pro- 
posed by Subcommittee XV, 

Mica Pigment (D607-41T), proposed by 
Subcommittee XV, 

Diatomaceous Silica Pigment (D 604-41 T), 
proposed by Subcommittee XV, 

Aluminum Silicate Pigment (D 
proposed by Subcommittee XV, 

Lead Titanate (D606-41T), proposed by 
Subcommittee XV, and 

Magnesium Silicate Pigment (D 605-41 T), 
revised as proposed by Subcommittee XV. 


V. WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the following standards for the 
reasons referred to in the reports of the 
subcommittees: 


Standard Specifications for Chrome Yellow 
(D 211 — 41),® proposed by Subcommittee XV, 


Standard Methods of Test for: 


Spectral Apparent Reflectivity of Paints (D 307 
— 39),7 proposed by Subcommittee XXV, and 

Consistency of Enamel Type Paints (D 562 - 
41),° proposed by Subcommittee VIII. 


41941 < =o to Book of A.S.T.M. Standards, 


Part Il, p. 
Ibid., = "313, 374, 372, 375, 376. 
6 Ibid., pp. 190 
7 1939 ‘Book of 4's ST. M. Standards, Part II, p. 815. 
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These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 222 voting 
members, 88 members returned their 
ballots, with the results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 


I. New Tentative STANDARDS 


Spec. in C. P. Toluidine 
Tone 0 41 
Spec. tor Chrome Yellow and 
Chrome Orange, = replace 
Standard D 211 - 2 0 
Test for Abrasion Bi: ‘ 
of Organic Coatings with 
the Air Blast Abrasion Tester.| 54 0 
Test for Spectral Characteris- 
tics and Color of Objects 
and Materials, ,4 replace 
Standard D 307 - 51 0 37 
Test of Exte- 
rior House Paints and En- 
amel Type 4 
Standard D 562 - 41.. : 56 0 32 


II. REVISIONS OF 
STANDARDS 
num Powder Paste 

(D 480 - 41 T). 52 0 36 
Terms Relating to Paint, Var- 
nish, Lacquer, and Related 
Products (D16-41T)......\ 66 0 22 


III. Revision oF STANDARD, 
IMMEDIATE ADOPTION 
Sampling and Testing Lac- 
quer Solvents and 
(D 268 - 41) 55 0 33 


IV. Aporption oF TENTATIVE 
STANDARDS AS STANDARD 


Spec. for Barium Sulfate 
Pigments 602 41 T) | 56 0 32 
pec. for Mica Pigment (D 

607 - 41 T) 52 0 36 
Spec. for Diatomaceous Silica 

Pigment (D 604 - 41 T) 55 0 33 
Spec. for Aluminum Silicate 

Pigment (D 603-41 T)...... 53 0 35 
Spec. for Titanate (D 

Spec. for Silicate 

Pigment ws 605 - 41 

revised. . he 54 0 34 

STANDARDS 

Spec. for Chrome Yellow 

PD 211 - 41; ASA K 27-1941)| 51 0 37 
Test for Spectral Apparent 

Reflectivity of Paints (D 

51 0 37 
Test fer. Consistency of En- 

amel Type Paints (D 562 - 

ACTIVITIES OF SUBCOMMITTEES 


Underground Pipe Protection (F. N. 


Speller, adviser).—The American Gas 
Association and the American Petroleum 


Institute are considering a new program 
for an investigation of underground pipe 


protection. 
Subcommittee II on Drying Oils 
(Francis Scofield, chairman).—This 


subcommittee is investigating the 
demand for specifications covering alkali 
refined linseed oil for varnish making 
and for the so-called “‘synthetic’”’ oils. 

Subcommittee VI on Definitions (C. 
H. Rose, chairman).—This subcommit- 
tee recommends that the Tentative 
Definitions of Terms Relating to Paint, 
Varnish, Lacquer, and Related Products 
(D 16 —- 41 T), be revised by the addition 
of the following definitions: 


Lacquer.—A liquid composition containing 
cellulose esters or ethers as the basic film-forming 
ingredients. Lacquer dries rapidly by solvent 
evaporation. 

Sanitary or Tin Plate Lacquers.—Usually 
varnish coatings for application on the interior 
of metal food containers. 

Putty—A stiff, dough-like material consist- 
ing of pigment and vehicle, used for setting 
window panes and filling imperfections in wood 
or metal surfaces. 

Bituminous Varnish.—A dark colored varnish 
containing bituminous ingredients. The var- 
nish may be either of the oil or spirit type. 

Glaze.—A very thin coating of a paint product 
usually a semi-transpfrent coating tinted with 
Van Dyke brown, burnt sienna or a similar 
pigment; applied on a previously painted sur- 
face to produce a decorative effect. 

Surfacer—A pigmented composition for 
filling minor irregularities to obtain a smooth 
uniform surface preparatory to applying finish 
coats; usually applied over a primer and sand- 
papered for smoothness. 


Subcommitiee VII on 
Tests for Protective Coatings (H. A. 


Nelson, chairman).—This subcommittee __ 
has recommended that the Tentative 


Method of Salt Spray Testing of Non- | 
‘Ferrous Metals (B 117 —- 41 T) be estab- % 


lished as an emergency method for 
conducting salt spray tests on organic ay, 


protective coatings with certain minor | 
changes. 


Accelerated 


This was established as an a8 
Emergency Method for Conducting Salt _ 
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Spray Tests on Organic Protective 
Coatings (A.S.T.M. Designation: 


ES — 3) under date of April 6, 1942. 

The subcommittee has under con- 
sideration ‘‘Proposed Recommended 
Practice for Characteristics of Standard 
Carbon-Arc Accelerated Weathering 
Unit,” prepared by Technical Com- 
mittee X on Conditioning and Weather- 
ing, of Committee E-1.° 

Considerable progress is reported by 
the subcommittee in the work of its 
subgroups. 

Group 1 on House Paints (Robert W. 
Matlack, chairman) has continued its 
program of cooperative tests for study- 
ing laboratory weathering cycles de- 
signed for determining color or tint 
retention. In previous work a testing 
cycle had given promising results on a 
narrow range of tinted white bases. 
This year the same cycle was studied by 
using a broader range of six different 
white bases with two tints. Exposure 
tests were made in eleven locations to 
establish an average standard of outdoor 
failure. Correlation satisfactory for this 
purpose was obtained. However, the 
degrees of correlation obtained with 
accelerated tests m&ade by eleven co- 
operators were not sufficient to enable 
the subcommittee to propose a standard 
accelerated testing procedure for tint 
retention of house paints. Group 1 also 
is preparing a series of methods for 
evaluating paint failure using pictorial 
standards. 

Group 6 on Metal Protective Finish- 
ing Systems (J. C. Moore, chairman) 
continues to be occupied with a co- 
operative test program with paints used 
by Subcommittee XXIX. Group 6 is 
preparing emergency test methods for 
immersion testing and for high humidity 
(cook box) testing. 

Subcommittee VIII on Methods of 
Analysis of Paint Materials (E. F. Hick- 


See Editorial Note, p. 462, 
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son, chairman).—The subcommittee rec- 
ommends that the present Method of 
Test for Consistency of Enamel Type 
Paints (D 562-41) be withdrawn and 
superseded by a proposed new Tentative 
Method of Test for Consistency of 
Exterior House Paints and Enamel- 
Type Paints. The proposed method is 
generally similar to the present method 
except that the paddle-type rotor is used 
in place of the fork-type rotor. 

This subcommittee recommends that 
Section 4 of the Tentative Methods of 
Sampling and Testing Aluminum Pow- 
der and Paste (D 480-41 T) be with- 
drawn and replaced by a method of test 
for the leafing properties of aluminum 
pigments, as appended hereto,” which 
gave good results in cooperative tests 
conducted by the subcommittee. 

The subcommittee reports progress in 
connection with methods of test for 
certain extender pigments. 

Subcommittee IX on Varnish (W. T 
Pearce, chairman).—This subcommittee 
recommends that the Tentative Method 
of Test for Phthalic Anhydride Content 
of Alkyd Resin Solutions (D 563 — 40 T) 
which has been tentative for two years 
be continued in its present status because 
work is in progress which may result in 
an early revision. Progress was re- 
ported in studying methods for the 
determination on durability of varnishes, 
the measurement of color of dry varnish 
films, the measurement of drying time of 
varnishes, and the testing of alkyd 
resin solutions. 

Subcommittee XV on Specifications for 
Pigments Dry and in Oil When Marketed 
in That Form (C. L. Crockett, chair- 
man).—This subcommittee recommends 
that the following tentative specifica- 
tions be adopted as standard without 

* This revised method was accepted as tentative by 
the Society and a s in its latest revised form in the 
1942 Book of A.S.T.M. Standards, Part II, p. 1372. 

10 These revised methods were accept as tentative 


by the Society and a r in their latest revised form in 
. Standards, Part II, p. 1345 
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change: Barium Sulfate Pigments 
(D 602-41 T), Mica Pigment (D 607 - 
41T), Diatomaceous Silica Pigment 
(D 604-41 T), Aluminum Silicate Pig- 
ment (D603-41T), Lead Titanate 
(D 606 - 41 T). 

The subcommittee also recommends 
that the Tentative Specifications for 
Magnesium Silicate Pigment (D 605 — 
41 T) be adopted as standard with the 
following revision in scope: 

Section 1.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


1. These specifications cover the magnesium 
silicate pigments available commercially [known 
as talc] in both fibrous and granular form. 


It has been realized for some time by 
many producers, and consumers that 
the present Specifications for Chrome 
Yellow, (D 211-41) are too loosely 
drawn and are not sufficiently specific 
in their requirements to properly cover 
the various types and shades of lead 
chromate pigments now available. The 
subcommittee, therefore, recommends 
for publication as tentative, revised 
Specifications for Chrome Yellow and 
Chrome Orange" to replace immediately 
the Standard Specifications for Chrome 
Yellow (D 211-41), which are accord- 
ingly recommended for withdrawal. 

The subcommittee, recognizing that 
there is a need for a specification for 
toluidine toner, has prepared proposed 
Specifications for C. P. Toluidine Toner™ 
and recommends that they be published 
as tentative. 

The subcommittee has recommended 
an emergency alternate provision in the 
Standard Specifications for Basic Sulfate 
White Lead (D 82-41) modifying the 
requirements on the content of lead 


11 These revised specifications were accepted as tenta- 
tive by the Society and one in their latest revised form 
in the 1942 Book of A.S.T.M. Standards, Part II, p. 1341. 

12 These specifications were accepted as tentative by 
the Society and appear in the 1942 Book of A.S.T.M. 
Standards, Part II, p. 1343. 
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oxide which, it is estimated, will increase 
available production about 25 per cent. 
This Emergency Alternate Provision 
was approved by Committee E-10 on 
March 27, 1942, and issued under the 
designation EA 82.! 

Subcommittee X VIII on Physical Prop- 
erties of Materials (M. Rea Paul, chair- 
man).—This subcommittee recommends 
for publication the proposed Tentative 
Method of Test for Spectral Charac- 
teristics and Color of Objects and Mate- 
rials’ which represents a revision and 
expansion of and is intended to replace 
the Standard Method of Test for 
Spectral Apparent Reflectivity of Paints 
(D 307 — 39). 

Subcommittee XXV on Cellulose Ester 
Coatings (R. M. Carter, chairman).— 
This subcommittee recommends the 
following changes in the Standard Meth- 
ods of Sampling and Testing Lacquer 
Solvents and Diluents (D 268 — 41)* and 
since these changes are made for con- 
venience and manipulation and in no 
way interfere with the accuracy of the 
method, the revision is presented for 
immediate adoption: 

Section 11.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


11. (a) Weigh 1 to 2 g. of the sample in an 
ampoule by first weighing the empty ampoule, 
warming and filling, and then sealing-off and 
reweighing. Place the ampoule in a 200-ml. 
Erlenmeyer flask which contains approximately 
one and one-half times the theoretical quantity 
of 0.5 N |alcoholic] agueous KOH required for 
complete saponification. If the sample is in- 
soluble in aqueous KOH, add sufficient water- 
soluble alcohol, free from saponifiable material, to 
effect solution. Break the ampoule with a stir- 
ring rod and connect the flask to a reflux con- 
denser. Heat the flask on a steam bath for 1 to 
4 hr., depending on the ester being tested. 
During the heating, shake the set-up and con- 
tents frequently, taking the usual precautions to 
lose none of the contents. After the apparatus 


18 This method was accepted as tentative by the So- 
ciety and appears in the 1942 Book of A.S.T.M. Standards, 


Part II, p. 1374. 


4 
A 
‘3 
| 
} 
| 
| 


f 


has — rinse ial condenser with distilled 
water and add three drops of phenolphthalein 
to the contents of the flask as an indicator. 
Titrate the contents of the flask with 0.5 N HCl. 
Run two blanks along with the sample [with 
alcoholic KOH] using aqueous KOH and the 
same amount of alcohol as was used with the 
sample {along with the sample]. These blanks 
should check to the first decimal point. Report 
the result as percentage of ester by weight, 
allowing in the calculations for acidity or 
alkalinity as determined in Sections 9 and 10. 
(b) Optional Method.—Weigh 1 to 2 g. of the 
sample in an ampoule by first weighing the 
empty ampoule, warming and filling, and then 
sealing-off and reweighing (Note). Place the 
ampoule in a pressure bottle of approximately 
325-ml. capacity (the spring top magnesium- 
citrate bottle is satisfactory) which contains one 
and one-half times the theoretical quantity of 
0.5 N [alcoholic] agweous KOH required for com- 
plete saponification. If the sample is insoluble in 
aqueous KOH, add sufficient water-soluble alcohol, 
free from saponifiable material, to effect solution. 
Break the ampoule with a glass rod, subsequently 
washing the liquid adhering to the rod back into 
the bottle. After thorough agitation, heat the 
bottle and contents on a steam bath for 1 to 4 
hr., depending on the ester being tested. After 
the proper heating, allow the bottle to cool, then 
open the bottle, and rinse the under side of the 
stopper and the sides of the neck with distilled 
water. Add three drops of the phenolphthalein 
solution to the contents of the flask as an indi- 
cator and titrate with 0.5 N HCl. Run two 
blanks [with alcoholic KOH] along with the 
sample using aqueous KOH and the same amount 
of alcohol as was used with the sample [along with 
the sample]. These blanks should check, on 
titration, to the first decimal point. Report the 
result as percentage of ester by weight, making 
allowance in the calculations for acidity or 
alkalinity as determined in Sections 9 and 10. 


The subcommittee recommends for 
publication as tentative a Method of 
Test for Abrasion Resistance of Organic 
Coatings with the Air Blast Abrasion 
Tester." 

The subcommittee recommends that 
Committee D-1 request the Section on 
Thermometers, of Committee E-1, to 
establish specifications for thermometers 
to be used in the testing of low-boiling 
lacquer liquids by methods outlined in 
Standard D 268 — 41. 


4 This method was accepted as tentative by the So- 
ciety and appears in the 1942 Book of A.S.T.M. Standards, 
Part II, p. 1368. 


oF COMMITTEE 1 


lice-Chairman, E. W. Fasig. 
S 


The recommends 
the following standard specifications 
which have stood for six years without 
revision be continued as_ standard: 
Specifications for Acetone (D 329 — 33), 
Benzene (D 361-36), Ethyl Acetate 
(D 302 —- 33), Ethylene Glycol Mono- 
ethyl Ether (D 331-35), Acetate Ester 
of Ethylene Glycol Monoethyl Ether 
(D 343 — 35), Ethylene Glycol Mono- 
butyl Ether (D 330-35), Toluene 
(D 362-36),  Tricresyl Phosphate 
(D 363 — 36), Xylene (D 364 — 36), and 
Nitrocellulose (D 301 — 33). 

Subcommittee XXIX on Painting of 
Structural Iron and Steel (A. J. Eickhoff, 
chairman).—This subcommittee is con- 
tinuing its exposure tests covering an 
investigation of several methods of 
surface preparation of steel for painting 
which were described in the 1941 
Report." 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 


H. E. Smith. 


| 

ecretary, M. Rea Paul. / 

C. H. Rose was appointed Assistant 

Secretary to Committee D-1 on June 23, 
1942. 


This report has been submitted to 
letter ballot of the committee which 
consists of 222 voting members; 88 
members returned their ballots, of whom 
56 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
EY Suara, 


Chairman. 
M. REA PaUvt, | 
Secretary. 
C. ten 
Ass’t. Secretary. 


( 8 Proceedings, Am. Soc. Testing Mats., Vol. 41, p. 322 
1941). 
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EDITORIAL NOTE 


Subsequent to the annual meeting, Committee D-1 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


New Tentative Specifications for: 
Isopropyl Acetate (D 657 42 T), 


New Tentative Methods of: 


Evaluating Degree of Chalking of Exterior Paints of the Linseed-Oil 
Type (D 659-42 T), 
Bie Evaluating Degree of Checking of Exterior Paints of the Linseed-Oil 
Mtl Type (D 660 - 42 T), 
_ Evaluating Degree of Cracking of Exterior Paints of the Linseed-Oil Type 
Pit (D 661 42 T), 


_ Evaluating Degree of Erosion of Exterior Paints of the Linseed-Oil Type 
(D 662 - 42 T), 


Reversion of Standard to Tentative: 
Standard Specifications for Basic Sulfate White Lead (D 82 41), as revised, 
replacing the Emergency Alternate Provisions EA - D 82, and 


Tentative Revision of Standard Specifications for: 
Zinc Oxide (D 79 41). aus) 


These recommendations were accepted by Committee E-10 on August 24, Nhs 4 
1942, and assigned the A.S.T.M. serial designations indicated above. The ; sk fa 
new and revised tentative standards as well as the tentative revision appear —t™S 
in the 1942 Book of A.S.T.M. Standards, Part II, pp. 1367, 1397, 1399,1402, 
1405, 1339, and 1444. 


On September 16, 1942, Committee E-10 accepted Emergency Alternate Pro- BY oe o> 
visions in the Standard Specifications for Mica Pigment (D 607-42) whichwere 
issued under the designation EA-D 607. They were published in ASTM a 
BULLETIN, No. 118, October, 1942, p. 55, and have been issuedintheformofa == 
pink sticker for attachment to the standard. 
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In 1940, Group I on Accelerated Tests 
for Fading (C. H. Rose, chairman), of 
Subcommittee VII, initiated a coopera- 
tive study to determine to what extent 
selected accelerated tests will foretell the 
fading characteristics of colored house 
paints. The paints were tested at eleven 
exterior locations and were also subjected 
to accelerated weathering tests by ten 
cooperators. Sections were cut as sched- 
uled from the test panels during the 
exposure period and were returned to 
John Iliff for inspection. The returned 
panels were examined on February 23, 
1942, by Messrs. John Iliff, H. A. Nelson 
and C. H. Rose. This examination 
and the conclusions which may be 
drawn therefrom are described in detail 
in this report which was prepared by 
Mr. Iliff. $ 


Outdoor Exposure Tests! 


The outdoor exposure tests were made 
in accordance with general directions 
sent to the cooperators on August 15, 
1940, and which are summarized briefly 
in thisreport. Arrangements were made 
to have the exterior panels exposed 
during the week of September 2, 1940, 
and sections for inspection cut from the 
exposed panels after 1, 2, 3, 6, 9, 12, and 
18 months. 

The following eleven cooperators par- 
ticipated in the exterior exposure tests: 


No. Location Cooperator 
1 Cincinnati, Eagle-Picher F. L. Chin- 
Ohio Co. ery 
2 Washington, ‘National Bu- E. F Hick- 
mC. reau of son 
Standards 
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No. Location Cooperator 
3 Miami, Fla. E.I.duPont D.H.Daw- 
deNemours son 
and Co. 
4 Amarillo, E.I.duPont D.H.Daw- 
Texas deNemours son 
and Co. 
5 Wilmington, E.I duPont D.H.Daw- 
Del. deNemours son 
and Co. 
6 Palmerton, New Jersey F. C. ited 
a. Zinc Co. Schmutz 
7 Columbus, American A. C. Eide 
Ohio _ Sales 
8 Buffalo,N.Y. Prattand W. H. Lutz 
Lambert 
9 Pittsburgh St. Joseph H. E. Out- 
Pa. Co. cault 
10 Sayville, National C. H. Rose 
N. Y. Lead Co. 
11 Denver, Colo. E.I.duPont J. W. Iliff 
deNemours 
and Co. 


Twelve tinted paints were tested; six 
gray and six blue. The paints contained 
six different bases of white pigments and 
each was selected to give various degrees 
of tint retention. The blue paints were 
tinted with Prussian blue and the gray 
paint with lampblack. 

The gray paints are identified by the 
letters A to F, inclusive; the blue paints 
H to M, inclusive. 

The panels for the exterior tests were 
prepared by the National Lead Co. and 
were distributed to the cooperators. 
The panels were standard 6 in. cedar 
siding, 24 in. long. The test paints were 
applied over two undercoats. All the 
panels were’ painted at the same time 
and each handled in the same manner 
throughout the painting. Each panel 
was back primed with two coats of 
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The panels in these exposure tests 
were placed in a vertical position facing 
approximately south at the eleven test 
locations in the United States and fas- 
tened down in such a way that at inter- 
vals the panels could be removed and 
sections 2} in. in width cut off by sawing 
the panel crosswise. Before cutting a 
section to be removed it was marked on 
the face with pencil with the proper 
identification marks and the date of cut- 
ting. After cutting, the sawed edge 
of the test panel was coated with paint. 

The cooperators were not required to 
inspect the panels. However, if at a 
particular time any section was sawed 
off it was found not to be representative 
of the rest of the panel this was indi- 
cated by pencil marks on the face of the 
section and a report made to Mr. Iliff, 
to whom the sections were forwarded 
for inspection. 


Accelerated Weathering Tests: 


The following ten cooperators par- 
ticipated in the accelerated weathering 
tests: 


No. Name Company 
12 E.J. Ritchie Eagle-Picher N 
Lead Co. 
13 C.G. Ollinger National Car- N 
bon Co., Inc. 
14 D.H.Daw-- E.I duPont N 
son deNemours 
and Co. 
15 E. F. Hick- National Bureau N 
son of Standards 
16 J. W. Iliff E I. duPont N 
deNemours 
and Co. 
17 C.H. Rose National Lead A 
Co. 
18 J.H.Calbeck American Zinc A 
Sales Co. 
19 G.G.Sward National Paint, Special 
Varnish and 
Lacquer Assn. 
20 C.W.Jame- Atlas Electric A 
son Devices Co. 
21 R. Tithering- Passive Defense N 
ton Project 


N—National Carbon Co. Apparatus. 
A—Atlas Electric Device Co. Apparatus. mn 
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The same twelve paints were tested 
in the accelerated weathering tests. 
The gray paints were identified by the 
letters A to F, inclusive; the blue paints 
H to M, inclusive. 

Each cooperator prepared the panels 
for his test. The panels were made of 
wood, preferably cedar, and of a size and 
type regularly used by each respective 
cooperator. The panels were painted 


TABLE I. SEATED 


ERING MACH 
SCHEDULE? 
| Hours of 
Light 
Monday 9:00 A.M.......| Trim lamp 8 
5:00 P.M.......| Trim lamp | Approx, 10 
Tuesday 9:00 A.M.......| Ice water 
th for 2 
hr. 
11:00 A.M.......| Inspection 
5:00 P.M.......| Trim lamp Approx. 10 
Wednesday 9:00 A.M.......| Trim lamp ~ 
5:00 P.M.......| Trim lamp | Approx. 10 — 
Thursday 9:00 A.M. Trim lamp 8 
5:00 P.M.......| Trim lamp | Approx. bed 
Friday 9:00 A.M.......| Ice water 
bath for Jen 
11:00 A.M.......| Inspection 
:00 P.M.......| Trim lamp | Approx. 10 


* This schedule for National Carbon Co. machines. 
Other machines were run in the manner usually used by the 
= tive cooperators with ice water bath, and inspection 

rest periods as in the above schedule. 

* conditions for operating the National 
X-1A accelerated weathering unit: 

The arc to be operated at 60 amp. at 50 v., using Sun- 
shine carbons, with Corex D filters. 

The unit to be operated with one water spray, and an 
sneprees drum. e panel carriage to make one rotation 
in 2 hr. 

Panels are changed from top to bottom rack (or vice 
versa) at each inspection to equalize for any differences in 
temperature or radiated energy between the two positions. 


front, back and edges with two coats of 
paint, one coat primer, one coat test 
paint. A total of thirty-six panels were eon , 
prepared by each cooperator, three with © A “4 
each paint. 
The priming coat was allowed to dry es 
for one week before repainting. The 3 
finish coat was allowed to dry for one 
week before testing. 
The panels were exposed to the condi- _ 
tions of an accelerated weathering similar 
to that shown in TableI. This schedule 
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Machine. Cooperators using other ma- 
chines selected their own schedule but 
were required to include an ice water 
bath, inspection and rest periods as 
called for in the schedule in Table I. 

The test panels were cut into thirds 
as the exposure test progressed so that 
a third of a panel could be removed from 
the test each week. The sawed edge of 
the panel returned for test was given a 
coat of spar varnish. 

The cooperators were not required 
to inspect the panels. However, if at a 
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Reports were received from the eleven 
exterior exposure stations up to and 
including the 12 month’s exposure 
period. Only a portion of the eighteenth 
month’s exposure sections were received 
and these were examined to a sufficient 
extent to show that no reversal of conclu- 
sions would be caused through the use 
of this additional information. 

The sections from each of the panels 
at the exposure stations over the 12 
month period were arranged according 
to paint and in proper chronological 


TABLE II.—ORDER OF FADING AT EXTERIOR TEST LOCATIONS, AND NUMBER OF MONTHS FOR FIRST 
FADING BREAK“ 


Cooperator ......... 1 2 3 4 5 6 7 8 9 10 11 
Cincin-| Wash- Ama- Wil- | Colum- | Pitts- | Say- 
Miami . |Palmer- Buffalo Denver 
Order of Failure | nati, | ington, b’| illo, | Ming bus, |"v"*°:| burgh | ville, tg 
Ohio | D.C."| | Texas] ton, Pa) | N-Y-| pas | Ny. | 
Tinted Gray Paints: | 
1 (least) |A12+ | B9- |B A9+ |A12 A12+ | A12 D9 A12 | B12+ 
2 F 9 F 12 E9— |E F9 F 9+ 9 F 9 A6é Fi12 | E12+ 
BO Bi2 Cc BO E 9 E 9 E 9 F6 Bi2— | C12 
|E 9 E12 F 6 F E9 Bo |cC9 Cc 9 C6 E12— | Fi2 
| A |D9 |B9 | E6 C 9+/D 9 
6 (most) ......... C 6+|/D9 | D6—- D9 |D9 |B9 |D9+\A9 


1 (least) Mo |M9 6 
2 13 K 9 6— | M6 

K9 q 9 |Mo-|K6 | 
|H 6+ 9—-|H3-|H6 | 


6 M9 K 9 M9 Ke M6 M 6 
6 9 9 

6 9-|Ho-|I9 |He |H6 
6 |H 9-|\H 6 |I 6+ |M9-|I 6 }I 6 


@ The numbers which follow he letters designating "4 different paints indicate the month after beginning of the test 


at which the first break in fading of that paint was no’ 
Climate not typical of that of more populated areas 


© Strong hydrogen sulfide gas attack evident, held up ‘chalking. 


at 6 months. 


particular time any section was sawed 
off it was found not to be representative 
of the rest of the panel, this was indi- 
cated by pencil marks on the face of the 
section and a report made to Mr. Iliff, 
to whom the sections were forwarded 
for inspection. 


Summary of Test Results: 


The method used for an evaluation of 
the accelerated weathering results in 
comparison with the exterior exposure 
performance was as follows: 

The first step was to set up a “‘stand- 
ard” for outdoor performance. 


In the case of the gray paints gas attack was evident 


order. Thus a group of sections was 
available over the 12 month period for 
each paint and from each exposure sta- 
tion. 

The order of failure at each exposure 
station was established by arranging the 
groups of sections from the test panels. 
The results of this arrangement are 
shown in Table II. 

It will be seen that quite close agree- 
ment was obtained between seven of the 
eleven exposure stations. All of these 


exposure stations, namely, Cincinnati, 
Ohio; Washington, D. C.; Wilmington, 
Del.; 


Palmerton, Pa.; Columbus, Ohio; 
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on Buffalo, N. Y.; and Sayville, N. Y.; shows a relatively well established posi- 
ad are in the part of the country where the _ tion of paint items. 
re heaviest population concentration exists For the sake of verification, the month 
th and where the climate may be consid- of the first break in fading is also in- 
ed ered comparable or “average.” Miami, cluded in Table II. 
nt Fla.; Amarillo, Tex.; and Denver, Colo., The second step was to determine the 
lu- did not give as close duplication as the relative performance of the accelerated 
ase other seven locations. This is to be tests and the “standards.” : 
expected because the climate in these The accelerated weathering results 
els three places is considerably different from each of the cooperators was also 
12 from that of the Middle West and East- arranged in the same manner as shown 
ing ern seaboard represented by the seven in Table III. Similarly, the time in 
cal “average” locations mentioned. The weeks for the first break in fading was 
TABLE III.—COMPARISON OF “AVERAGE STANDARD” IN OUTDOOR EXPOSURE TESTS WITH RESULTS 
RST OF ACCELERATED WEATHERING TESTS, AND NUMBER OF WEEKS FOR 
FIRST FADING BREAK? 
1 Cooperator ........... 12 | 13 | # | 1s | 16 | a7 | 18 | 19 20 21 
A 
aver, Average “Posh 
“Standard”’| tion of 
Standard’ = = 
12+ A E3 |E3 |E4 |C2 |E3 |Fs |E7 |AandC 1 |A6 |E2 |B3 
12 tee eroded 1 |C5 | Bi+/F3 
12 P3 iC3 iBs |i C4 through 1 | ES |Ci {C2 
4 C3 |B3 |B3 |F2 |F2 |c4a |F4+ 1 |B4 |D1i |F2 
9 D2 |D3 |F3 |D2 |D2 |D3 |D4 | Toofast 1 |F4 |Fi |D2 
D 5.7......,A2— | A3— | A2 A2— |A2 A3 A3+ torate 1— |D3 |A2— 
6 
° Tinted Blue 
Paints: 
M K3 |K3 |J4-|K2 |K3 |K4 [KS _ | Too fast K4+/|J 2- 
3- 3— | H4— |M3 4 4 |Hi |M3 
4.6.. M 2+ | M2+ | M3 1 |M3 M3 M4 |Mi }H3 
test 12 |13 |124+/13 {13 L3 |I1 |13 
L ‘| 6.. Li-|L1 |L2 |L2 |Li- I3 |L1-|L2 
vident ® The numbers which follow the letters designating the different paints indicate the number of weeks from beginning 
of the test at which the first break in fading of that paint was noted. 
was fourth exception is that of Pittsburgh, also included as a verification of this — 
1 for Pa. While located within the area cov- established order of failure. 
 sta- ered by the seven “standard” stations, It will be seen that fairly close agree- — 
so much hydrogen sulfide darkening was ment between individual accelerated 
ysure apparently obtained with some of the results was obtained with most of the _ 
g the paints that the results were upset. cooperators. The exception to thiswas 
nels. Consequently, it was also excluded in a special cycle by cooperator 20 with the 
are establishing a standard. heading “20 ARVBW” in Table III. “3 
The standard order of paint perform- It is obvious from a comparison with 
gree- ance is shown in the left-hand column the so-called ‘“‘standard”’ of the acceler- 
f the of Table III. This order was estab- atedt — -esults, particularly in the case 
these lished by averaging the results of the of the gray paints, that no agreement ae: 
nati seven “average” stations. The results between the accelerated weathering fad- 
ton of this average are shown in column two, ing results and exterior exposure was — 


“average position of standard,” which 


obtained. _ Second, the rate of acceler- 
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erated eileen failure for fading 1. None of the accelerated weathering 
purposes was probably entirely too fast cycles used in these tests can be used to 
in practically all of the cycles used. predict fading performance of house 
Whether a slower cycle might give more paints with various white base composi- 
favorable results is, of course, unknown. theme 

The special cycle of cooperator 20 was 2. All of the accelerated weathering 
closer in agrecment with reqpect to the cycles tested were too severe and the 
points then others rate of failure was so rapid that a dis- 


that paints A and D were put in the ***! 
proper position, and paints E and B tinction between the performance of 


remained in the middle, but paints C individual paints was often not picked 


i? and F were reversed. On the other up between weekly examinations of the - 
hand, this cycle was relatively worse exposure panels. n 
than the other cycles with respect to the al 
blue paint. Respectfully submitted on behalf of M 
Conclusions: the subcommittee, O 

The following conclusions may be — H. A. NELSON, 
drawn from these tests: ag if. Chairman. 
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Committee D-2 on Petroleum Prod- 
ucts and Lubricants held three regular 
meetings during the past year (in June 
at Chicago, Ill., in January at Detroit, 
Mich., and in March at Cleveland, 
Ohio). 

During the year, Section VI on Acid 
Heat, of Technical Committee A on 
Gasoline, has been discontinued, and a 
special subcommittee on coordination of 
test methods has been organized. 

Table I shows the changes in status 
during the year of American standards 
for petroleum products, approved by 
the American Standards Association on 
the recommendation of Sectional Com- 
mittee Zi1 on Petroleum Products and 
Lubricants. 

The voting membership of Committee 
D-2 now consists of 36 producers, 25 
consumers, and 12 general interest 
members. 

Subcommittee III on Paraffin Wax 
(L. C. Beard, Jr., chairman) has con- 
ducted cooperative tests on a new 
Method of Test for Oil Content of 
Paraffin Wax and recommends that the 
method which appears in Appendix I 
be published as information only. The 
results of the cooperative tests are 
shown in Table IT. 

Subcommittee VI on Color (H. M. 
Hancock, chairman) has prepared a Pro- 
posed Method of Test for Color of 
Lubricating Oil by Means of Photo- 
electric Colorimeter, appearing in Ap- 
pendix II, which is presented for publica- 

tion as information. Studies made by 
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the subcommittee in the preparation of __ 
this method are briefly discussed in its — 
report appended hereto. 

Subcommittee XIII on Neutralization _— 
Number and Saponification (H.P.Fergu- 
son, chairman) has continued its studies 


TABLE I. 
ASTM ASA 
Title Designation} Number 
New American STANDARDS 
Test for Distillation of Plant 
D 447 - 41 | Z11.43~—1941 
Test for Vapor Pressure of 4 
Petroleum Products (Reid 
D 323-41 | Z11.44—1941 
~~ for Calculating Vis- 
D 567 - 41 | Z11.45—1941 
Meth for Conversion of 
Kinematic Viscosity to 
Saybolt Universal Vis- 
D 446 - 39 | Z11.46—1941 
REVISIONS OF AMERICAN 
Test for Carbon Residue of 
Petroleum Products (Con- 
radson Carbon Residue)....| D 189 -41 | Z11.25—1941 t.. 
Test for Distillation of Crude alt, Sad > 
D 285-41 | Z11.32—1944 
Test for Distillation of Gas ae 4 
Oil, and Similar Distillate tas 
Fuel Oils wens D 158-41 | Z11.26—1941 
WITHDRAWAL OF APPROVAL 
AS AMERICAN STANDARD cea 
Method of Test for Knock ae 
Characteristics of Motor 


and is that the 

methods published as information in _ 
the 1941 report, be published with 
minor revisions as tentative standards. — 
These methods as appended hereto? , 
replace the present Tentative 


Am. Soc. Testing Mats., Vol. 41, pp.342, 
348 
euniene methods were accepted as tentative 
and appear in the 1942 Book of A.S.T.M. 
art p. 954 and 958. 


ing REPORT OF COMMITTEE D-2 
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ked 
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of Test for Ne Neutralization Number of 
Petroleum Products and Lubricants 
(D 188-41 T) which are to be with- 
drawn. 

The subcommittee also completed a 
revision of the Tentative Method of 
Test for Saponification Number (D 94 - 
41 T) that includes a statement on repro- 
ducibility of the method as applied to 
fats and fatty oils, based upon cooper- 

TABLE II.—OIL CONTENT OF PARAFFIN WAX. 


Oil Content, per cent 
| 
De-oiled 
ae Wax plus 
nis Laboratory Crude ReGned Approxi- 
le mately 1 
Wax ax | per cent 
ressed 
Distillate 
A 3.61 0.67 1.14 
3.58 0.60 1.10 
B 3.95 0.60 1.24 
3.81 0.65 1.18 
4.14 0.997 1.30 
4.09 0.94? 1.35 
D 3.90 0.74 1.90 
4.01 0.66 1.797 
E 4.26% 0.79 1.31 
4.34° 0.86 1.47 
F 3.67 0.51 1.48 
3.81 0.56 1.43 
G 3.71 0.69 1.22 
3.67 0.73 1.07 
Avg. Devi iation from 
Average 0.16 0.08 0.12 
Max. Deviation from 
0.31 0.19 0.21 


* Not used in calculating averages. 


ative work summarized in Table III. 
The revised method is appended hereto.’ 

Technical Committee A on Gasoline 
(C. B. Veal, chairman) is proposing, in 
addition to several recommendations on 
standards covered later in this report, 
that the Proposed Method of Test for 
Potential Gum in Aviation Gasoline, 
published as information in the 1941 
report,‘ be revised editorially and pub- 
lished again as information as it appears 
in Appendix ITI. 


* This revised method was accepted as tentative by 
the Society and eat in its latest revised form in the 
1942 Book of A.S Part III, p. 972. 

4 Proceedings, Am. Soc. Testing Mats., Vol. 41, p. 351 
(1941). 
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Technical Committee B on Lubricants 
(H. C. Mougey, chairman) is recom- 
mending that the Proposed Method of 
Test for Oxidation Characteristics of 
Heavy-Duty Crankcase Oils appearing in 
Appendix IV be published as informa- 
tion. This method involves the use of a 
Chevrolet engine with suitable loading 
and accessory equipment. The experi- 
mental background is covered in two 
papers by H. C. Mougey and J. A. 
Moller.® 

Technical Committee C on Turbine Oils 
(F. C. Linn, chairman) developed the 


proposed Tentative Method of Test for 


TABLE III.—SUMMARY OF COOPERATIVE TESTS 
ON SAPONIFICATION NUMBERS OF FATS AND 
FATTY OILS 


— 
° | 
= Zz iS 
A 118.0/211.5 |193.0%/192.5 |191.0%/141.3/144.6 
B 116.3|212.9 |190.4 /192.0 |188.2 |140.9).. 
Cc 113.6}209.0 |190.7 |195.0%|189.3 |136.0/147.3 
D 117.2]196.4%| 189.5 |188.7°)185.8 |135.6 166.7° 
E 112.0/211.8 189.4 |190.4 (186.6 |137.7/145.4 
F 191.3 |193.2 |186.4 |139.6)..... 
G 114.1]215.9 |191.1 |192.7 |185.7 |136.7/148.5 
H 112.0|211.7 |191.5 |190.6 |187.2 |137.6|145.5_ 
|190.6 |191.9 |187.0 |138.2|146.3 
vg. evia- 
tion. ....| 2.1] 1.5] 0.7| 0.9] 1.0] 1.8] 1.3 
Max. De- 
viation...| 3.3} 3.8| 1.2| 1.5] 2.3] 3.1) 2.2 


* Results omitted from average. 

> Fatty oils which have been saponified with sulfur. 
Materials of this type are being used as additives in crank- 
case oils, and the committee desired to determine whether 
reproducible results could be obtained on oils containin ing 
these additives. These products are, however, exclud 
om the scope of the revised Tentative Method of Test 
for Saponification Number of Petroleum Products by Color- 
Indicator Titration (D 94 -42 T.).* 


Rust-Preventing Characteristics of 
Steam Turbine Oil in the Presence of 
Water. The report of this subcom- 
mittee is appended hereto. 


I. NEw TENTATIVE STANDARDS 


The committee recommends that the 
following four methods be accepted for 
publication as tentative: 


5H. C. Mougey and J. A. Moller, “The Testing of 
Heavy-Duty Motor Oils,’’ Procecdings, Am. Petroleum 
Inst., Vol. 22, Part III, pp. 100 to 121 (1941); and Soc. 
Automotive Engrs., Annual Meeting, January, — 

* This me’ was accepted as tentative b 
ciety and appears in the 1942 Book of A.S.T.M. Sow th ag 
Part III, p. 969. 
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nts Test for Neutralization Number of Petroleum __ inch of travel of the pointers along the arc of the 
m- Products by Color-Indicator Titration? largely scale throughout the range of 100 to 180 psi. 
f as published as information in the 1941 report and having divisions on the chart or scale not — 
of the committee,! greater than 5 psi. 
of Test for Neutralization Number of Petroleum 
rin Products by Electrometric Titration, essentially read as follows: 
na- as published as information in the 1941 report A pressure gage with a of 
fa of the committee,’ ; vay 200 psi. shall be used. It may be of either the __ og 7 
z Test for Rust-Preventing Characteristics of indicating or the recording type. The scale 
ing Steam-Turbine Oil in Presence of the Water,'and for the range 100 to 180 psi. shall average Be. 
erl- Method for Conversion of Kinematic Vis- east 1 inch per 50-lb. pressure differential, - 
“WO cosity to Saybolt Furol Viscosity,’ as published measured along the arc of the scale. Intervals — 
A. for information in the 1941 report of the com- of division shall be 5 psi. or less. The accuracy __ 
mittee.® P shall be 1 per cent of the total scale interval. 7 
II. Revisions OF TENTATIVE ——Section 3 (b).—Change the last sen-— 
the STANDARDS tence from its present form: namely, — 
for 


The committee recommends revision 
SSTS of five tentative standards as follows: 


ND 
adi Tentative Method of Test for Gum Sta- 

re bility of Gasoline (D 525 — 41 T):* 

. 
ae The following minor changes are rec- 
38 ommended by Technical Committee A 
om on Gasoline (C. B. Veal, chairman): 

Title.—Change “gum” to read “oxi- 
47.3 ” 

dation. 

mn Section 1.—In the first sentence omit 
the word “gum.” 

46.3 Note 4.—Change from its present form 

1.3 to read as follows: 

2.2 Nore 4.—For convenience in handling, it is 
at suggested that a tire valve and stem be at- 
sulfur. tached to a three-way pressure cock which in 
a turn is attached to the needle valve and that 
ainin oxygen be introduced through a suitable high- 
on pressure air hose and fitting. It is considered 
Color- safer practice to release the gas in the bomb 

through the third unobstructed port of the three- 
of way cock rather than through the small orifice 
e of of the tire valve. The needle valve must not 
: be eliminated, as it is necessary to insure against 
teal leaks at this point during the test. 

Section 2 (d).—Change the first sen- 

5 tence from its present form: namely, 
t the A 200-psi. maximum pressure gage of either 
for the indicating or recording type shall be used 
having a precision of not more than 50 psi. per 
toe of 7 This method was accepted as tentative by the So- 
omy in the 1942 Book of A.S.T.M. Standards, 

ar 

Proceedints, Am. Soc. Testing Mats., Vol. 41, p. 341 
1941 Supplement to Book of 


Close the bomb (Note 6), introduce a 
until a pressure of 125 psi. is obtained, and then, 
after 10 + 2 min., adjust the pressure to a 
100 to 102 psi. 


to read as follows: 


Close the bomb and introduce oxygen until a cae: 
pressure of about 100 to 102 psi. is obtained. _ 

Allow the gas in tke bomb to escape in orderto 
flush out the air originally present. Introduce 
oxygen again until a pressure of 100 to 102 psi. 
is obtained and observe for.leaks. If there are 
no leaks, the test may be continued. fe 


Note 6.—Change from its present 
form to read as follows: rf 


Nore 6.—An initial rapid drop in pressure, 
generally not over 6 psi.. may be observed 
because of the solution of oxygen in the sample. we iy 
If, after a few minutes, the rate of pressure drop 


Section 4.—Correct the definition of — 
IP, to read as follows by the addition of 
the italicized words: 


IP, = Induction period at the average tem- 
perature of the test. 


leaks may be assumed. beet 


Tentative Method of Test for Knock 
Characteristics of Aviation Fuels 
(D 614-41 T):"° 


The following minor changes are 
recommended by Technical Committee 
A on Gasoline (C. B. Veal, chairman), 


1941 to Book of ASTM. Standards, 
Part III, p. 29 ik 


= 


largely to sien the method into con- 
formity where possible with the pro- 
posed revision of the Tentative Method 
of Test for Knock Characteristics of 
Motor Fuels (D 357 - 41 T): 


Footnote 2.-Change the second sen- 
tence of the second paragraph to read 
as follows by tue addition of the 
italicized words and the omission of 
those in brackets: 


Based on tests of a variety of aviation fuels in 
current aircraft engines and on service ex- 
perience, this method [satisfactorily] rates such 
fuels [for purposes of procurement and use under 
normal operating conditions] «under conditions 
approximating best power, but is not intended to 
correlate with full-rich take-off conditions. 


Section 4 (b).—In the first sentence, 
delete the word “leaded” in the phrase 
“leaded secondary reference fuels;”’ 
also delete the word “unleaded” in 
footnote 5. 

Section 5 (c).—Omit this paragraph, 
relettering the subsequent paragraphs 
accordingly. 

Section 5 (g).—Reletter as Paragraph 
(h) and add a new paragraph to read as 
follows: 


(g) Adjustment of Micrometer—When the 
clearance volume to the top face of the thermal- 
plug hole is 140 + 0.5 ml., as measured by the 
“tilt” method (see Appendix), with the piston at 
top dead center, the micrometer shall be set to 
read 0.500 in. 


Section 5 (i).—In the second sentence 
add the reference “(Appendix)” after 
the words ‘‘compression ratio.” 

Add the following as Note 1 at the 
end of the first paragraph, with refer- 
ence at the end of the first sentence: 


Nore 1.—For routine purposes a blend of 
certified secondary reference fuels may be used 
instead of the blend of primary reference fuels. 


Section 5 (k).—Change the require- 
ments for the breaker-point gap from 
“0.015 in.” to read “0.020 in.” 

Section 5 (m).—Change from its 
present form to read as follows: 
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(m) Valve Sian —Hot and running 
clearances shall be 0.008 in. intake and 0.006 in. 
exhaust with the engine running under standard 
operating conditions on a reference fuel of 87 
octane number. 

Norte 2.—The valves may be adjusted with 
the engine stopped, either hot or cold, if ap- 
propriate allowances are made so that the hot 
and running clearances will be as specified. 


Section 5 (q).—At the end of this 
paragraph add the reference ‘‘See Section 
AS (a)” and add a new paragraph to 
read as follows: 


When air of the above humidity prevails in 
the engine room through the operation of 
natural factors or the use of air conditioning, it 
may be used without further conditioning. Its 
humidity shall be determined by use of the type 
of sling psychrometer currently approved by the 
U. S. Weather Bureau. 


Section 12.—Add a new section on 
reproducibility of results identical with 
Section 14 of proposed revised Method 
D 357 to read as follows: 


12. Reproducibility of Results——Results ob- 
tained by this procedure with different C.F.R. 
engines and in different laboratories should 
differ by not more than two octane numbers. 
Differences as small as 0.2 octane number be- 
tween two test samples of similar characteristics, 
may be detected by direct comparison using the 
procedure described in Section 10. 


Section Al.—Change the limitation 
on atmospheric pressures to read “‘not 
less than 26.0 in. (660 mm.) of 
mercury:”’ 

Section A2.—Insert the word “mini- 
mum” after “exhaust pipe.” 

Section A4 (e).—Add the following 
note at the end of this section: 


Nore.—The recommended method consists 

of the following steps: 

1. Remove the intake and exhaust push rods. 

2. Swing the intake and exhaust rocker arms 
to a vertical position. 

3. Mount a dial indicator on the rocker-arm 
support bracket with the indicating 
plunger directly over and pointing at the 
intake tappet. 

4. Place a piece of drill rod between the 
intake tappet and the indicating plunger. 
This rod should be approximately 3 in. in 
diameter, have a Pic end where it 
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rests in the tappet and an indentation on 
the other end in which the indicating 
plunger will rest. 

5. Set dial gage position so its plunger is 
approximately in the middle of its travel 
when the tappet is on the base circle of 
the cam. Then set the dial indicator at 
zero. 

6. Rotate the flywheel in its running direction 
until the indicator shows that the cam is 
lifting the tappet. Mark the flywheel 
directly under the t.d.c. pointer at the 
angle where the tappet has been lifted 
0.010 in. Repeat this operation two or 
three times to make sure of the angle at 
which this 0.010-in. lift is obtained. This 
is the point at which the effective valve 
opening starts. The part of the cam 
below the 0.010-in. lift is the quieting 
ramp and does not contribute to the 
effective valve opening. 

7. This mark should be at the timing line 
on the flywheel marked “I.0. 0.010” 
which is 10 deg. a.t.d.c. 

8. If the cam timing is not within ? in. of 
the mark on the flywheel, the camshaft 
will need retiming either by shifting the 
cam gear with respect to the crankshaft 
gear or by relocating the cam gear on its 
shaft by using one of the other two key- 
ways provided. Shifting the timing one 
full gear tooth will make 1.48-in. change 
on the flywheel. The extra keyways 
provided on the camshaft permit adjust- 
ing the timing in 0.37 in. and 0.74 in. 
increments. 


Section A4 (f).— 
follows: 


(f) Valve Clearances—Hot and running 
clearances shall be 0.008 in. intake and 0.006 in. 
exhaust with the engine running under standard 
operating conditions on a reference fuel of 
87 octane number. To avoid possible change in 
clearances throughout the compression-ratio 
range, set the top linkage of the rocker-arm 
carrier and the rocker arms in a horizontal 
plane at 0.500-in. micrometer setting with valves 
closed. 


Change to read as 


Section A4 (i).—Insert new para- 
graph as follows: 
Micrometer—A suitably mounted microme- 


ter for measuring the height of the cylinder 
with respect to the crankcase. 


Section A6 (c).—Change the spark 
plug type to RJ-11-64A. ean? 


Section A7.—Change to “‘A7 (a)” and 
add a new Paragraph (bd) reading as 
follows: 

(b) Ethylene glycol shall be used as coolant. 
A maximum of 1 per cent by weight or by 
volume of a suitable corrosion inhibitor may be 
added to the ethylene glycol.* 


_ * Suggested corrosion inhibitors are sodium nitrite or 
triethanolamine phosphate. 


Section A13(e).—Delete the second 
sentence. 

Appendix.—Insert a new Appendix 
identical with that being added in the 
proposed revision of Tentative Method 
D 357 — 41 T. 


Tentative Method of Test for Knock 
Characteristics of Motor Fuels 
(D 357 — 41 T)" 

A revision of this method involving 
the addition of knock-intensity guide 
tables and editorial rearrangement is 
recommended by Technical Committee 
A on Gasoline (C. B. Veal, chairman). 
The revised method is appended hereto.” 


Tentative Method of Test for Kinematic 

Viscosity (D 445 — 39 T): 

The following changes are recom- 
mended by Subcommittee V on Vis- 
cosity (J. C. Geniesse, chairman): 

Section 2.—At the end of the section 
add the following four sentences and 
accompanying footnote: 

Various types of apparatus have been used. 
Three types are shown in the Appendix. Others 
are satisfactory. For very dark or black oils it 
may be necessary to use the reversed-flow type.* 


Some operators use the latter type for both light 
and dark oils. 


@M.R. Cannon and M. R. Fenske, “‘Viscosity Measure- 
ment,” Industrial and Engineering Chemisiry, Analytical 
Edition, Vol. 13, p. 299 (1941). 

Fig. 1.—Substitute a new sketch for 
the Ubbelohde viscosimeter with one 
capillary tube to portray the position 
of the various bulbs and tubes more 
accurately, as shown in the accom- 
panying Fig. 1. 

1 1941 Septet to Book of A.S.T.M. Standards, 
Part III, p. 28 

2 This ee method was accepted as tentative ty 
the Society and as in the 1942 Book of A.S.T. 


Standards, Part III, p. 935. 
13 1939 of A.S.T.M. Standards, Part III, p. 647. 
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Table I —Change the inside diameters Supplementary dimensions (not mandatory) to 


of tubes 1, 2, 3, and 4 to read as follows: insure fitting the majority of holders now in 
use: 


Fitz- Outside diameter of tube 1, mm. “oe ek 

Ubbelohde |Simons’ diameter “of tube 

Viscosimeter | Modifi- 2, mm 7 
cation of tube 


3, mm 
8 to 10 8 to 12 Tubes 1, 2, and 3 shall be spaced so ‘they will fit team 
3to 6 4 to ina template ‘made as follows: 
Lay off an isosceles triangle with the base 18.0 mm. in 
3to 5 4to length and the apex 16.5 mm. from each end of the base 
Drilla — hole (for tube 1) centered with the right end 
4.5 to 6.5%| 4 to of the a {-in. hole (for tube 2) centered with the 
left end of the base, and a yy-in. hole (for tube 3) centered 
3to 5 4 to with the apex of the triangle. Make an identifying mark 
| 4.5 to 6.5 |4to on the top surface of the template to insure against its 
series 5,mm..| 7 to 10 4 to being applied upside down. 


* These dimensional limits are important only for a Table IT —Add the dimensions for 
few of the tube adjacent to its 


_ capillary tube No. 5 of the Ubbelohde 
Oo Viscosimeter as follows: 
See Approxi-| Approximate Viscosity Range 
2 ah Capillary Calibra- 


Diameter 
tion Saybolt 
Constant, | Centistokes Universal 


Seconds 

8000 to 100 000 37 000 to 460 000 
—Change the inside diame- 
ahiaesT ter of tube 2 by the addition of the 
pany: _ italicized words and figures to read as 


4 follows: 


diameter) of tube 2, 400 and 
series, mm. 


of tube 2, 50 to 300 


This proposed change is to prevent 

‘ _ blocking off the tubes with oils of high 
viscosity. 

Add the following dimension to the 

table for convenience in making 

replacements: 

Distance between center lines of tubes > 
1 and 2,* mm 25+ 2 


Fic. 1.—Ubbelohde Viscosimeter with One Capil- 
lary Tube. 


This rearrangement corrects an error ® This dimension is not mandatory. It is included 
Fi ‘ F as a guide in making replacements im a holder to which 
in the diameter of tube 4, and specifies __ it applies. 
a larger diameter for tube 3, series 4 and 
5, of the Ubbelohde viscosimeter to pre- 
vent blocking off this tube when oil of 
high viscosity is being tested. Subcommittee XIII on Neutralization 
Add the following supplementary di- Number and Saponification (H. P. 
i nveni i 
‘+1941 Supplement to Book of A.S.T.M. Standards, 
replacements: Part III, p. 305. 


Tentative Method of Test for Saponijica- 
tion Number (D 94-41 T):"4 
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; included 
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Ferguson, chairman) recommends 
changes in the title and in the statement 
of scope of this method, also the addition 
of a definition and a brief summary of 
the principle of the method, together 
with other changes referred to earlier in 
this report. The revised method is ap- 
pended hereto.® 


III. Revisions OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions in four stand- 
ard methods of test, as set forth below, 
and accordingly asks for a nine-tenths 
affirmative vote at the annual meeting 
in order that these modifications may be 
referred to letter ballot of the Society: 


Standard Method of Test for Gum Content 
of Gasoline (D 381 — 36): 


The following minor change is recom- 
mended by Technical Committee A on 
Gasoline (C. B. Veal, chairman): 

Section 3 (a).—Change the fourth sen- 
tence from its present form: namely, 

If the air in the balance to be used is dried 
with a desiccant then this same desiccant shall 


be used in the desiccator; otherwise no drying 
agent shall be used in the desiccator. 


to read as follows: 


Do not use a drying agent in either the bal- 
ance case or in the desiccator. 


Standard Method of Test for Flash Point 
by Means of the Pensky-Martens 
Closed Tester (D 93 — 40) :¥* 


The following minor change is rec- 
ommended by Subcommittee XII on 
Flash Point (J. B. Terry, chairman): 

Section 2.—At the end of Para- 
graph (a) add a sentence to read as 
follows: 


5 1939 Book of A.S.T.M. Standards, Part III, p. 167. 
$.T.M. Standards, 


On PETROLEUM PrRopUCTS AND LUBRICANTS 


There may be a fillet approximately ,; in. 
(0.397 cm.) in radius inside the bottom of the 
cup. 


This fillet facilitates cleaning the cup. 


Standard Method of Test for Melting 
Point of Paraffin Wax (D 87 —37):" 


The following change is recommended 
by Subcommittee III on Paraffin Wax 
(L. C. Beard, Jr., chairman) to make the 
method applicable to the determination 
of melting point of waxes that do not 
give four consecutive 30-sec. readings 
within a range of 0.2 F.: 

Section 4 (e).—Change the third sen- 
tence to read as follows by the addition 
of the italicized number and the omission 
of the number in brackets: 


The melting point thermometer reading, es- 
timated to 0.1 F. shall be observed and recorded 
every [30] 15 sec. 


Section 4 (f).—Change the first and 
second sentences to read as follows by 
the addition of the italicized number 
and word and the omission of those in 
brackets: 


The melting point thermometer reading, es- 
timated to 0.1 F., shall be observed and re- 
corded every [30] 15 sec., for at least 3 min. 
after the temperature again begins to fall after 
remaining almost constant. 
temperature readings shall then be inspected 


The record of 


and the average of the first [four] five readings 4 tot, 
that lie within a range of 0.2 F. shall be con- 


sidered as the uncorrected melting point. 


Standard Method of Test for Vapor 


Pressure of Petroleum Products (Reid 


Method) (D 323 — 41):8 


The following changes are recom- 
mended by Subcommittee XXII on 
Natural Gasoline (G. G. Oberfell, 


chairman) to clarify the description of — 


the apparatus and to provide against a iy 


30600 
the possibility of error when the air 
chamber and gasoline chamber are 
connected: 

Section 2 (a), (6), (c), and (d).— 
Change from the present form to read 
as follows: 


2 a 


2 (a) Air Chamber.—The upper section or air 
chamber, shown in Fig. 1 (c) (the accompanying 
Fig. 2) shall be a cylindrical vessel 275 + 7s in. in 
diameter and 10 + } in. in length, inside dimen- 
sions, with the inner surfaces of the ends slightly 
sloped to provide complete drainage from either 
end when held in a vertical position. On one end 


Mole 


Coupling ~. 
= 
Mite 
(d) Gage 
e 
(a) Gasoline Chamber Coupling 
with One Opening <a 
Mole-—.~ 
Coupling 
Bucs 
Vent 
—-Hole 


(b) Gasoline Chamber 


with Two Openings (c) Air Chamber 


Fic. 2.—Vapor-Pressure Bomb. 


of the air chamber, a suitable gage coupling with 
internal diameter not less than 34 in. shall be 
provided to receive the }-in. gage connection. 
In the other end of the air chamber an opening 
approximately 4 in. in diameter shall be provided 
- for coupling with the gasoline chamber. Care 
shall be taken that the connections to the end 
openings do not prevent the chamber from 
draining completely. 

(b) Gasoline Chamber.—The lower section, 
or gasoline chamber, shown in Fig. 1 (a), shall 
be a cylindrical vessel of the same inside diame- 
ter as the air chamber and of such volume as to 
fulfill the requirements of Paragraph (e). In 
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one end of the gasoline chamber an opening 
approximately 4 in. in diameter shall be provided 
for coupling with the air chamber. The inner 
surface of the end containing the coupling 
member shall be sloped to provide complete 
drainage when inverted. The other end of the 
gasoline chamber shall be completely closed. 
(c) Gasoline Chamber for Sampling from 
Closed Vessels.—For this use the lower section, 
or gasoline chamber, shown in Fig. 1 (b), shall be 
essentially the same as described in Raragraph 
(b) except that a }-in. needle valve shall be 
attached near the bottom of the gasoline 
chamber and a }-in. gate valve shall be intro- 
duced in the coupling between the chambers. 
The volume of the gasoline chamber including 
only the capacity enclosed by the valves shall 
fulfill the requirements of Paragraph (e). 


Chambers—Any method of coupling the air 
and gasoline chambers may be employed, pro- 
vided that no gasoline is lost during the coupling 
operation, that no compression effect is caused 
by the act of coupling, and that the assembly 
is free from leaks under the conditions of test. 
To avoid displacement of gasoline during as- 
sembly, it is desirable that the male fitting of a 
suitable coupling be on the gasoline chamber. 
To avoid compression of air during the assembly 
of a suitable screw coupling, a vent hole may 
be used to insure atmospheric pressure in the 


_ air chamber at the instant of sealing. 


Figure 1—To be consistent with re- 
vised wording of Section 2 (d), substitute 
the accompanying Fig. 2 for the present 
Fig. 1. 


Section 3 (a).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and figures: 


The pressure gage shall be a Bourdon-type 
spring gage of test-gage quality 44 to 54 in. in 
diameter provided with a nominal }-in. male- 
thread connection with a passageway not less 
than ;% in. in diameter from the Bourdon tube 
to the atmosphere. 


IV. ApopTION OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following three tentative standards be 
approved for reference to letter ballot 
of the Society for adoption as standard: 


(d) Method of Coupling Air and Gasoline § 
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Tentative Method of Test for Carbon 
Residue of Petroleum Products (Rams- 
bottom Carbon Residue) (D 524-41 T),® 
on the recommendation of Subcom- 
mittee XXIII on Carbon Residue (L. C. 
Beard, Jr., chairman), 

Tentative Method of Test for Drop- 
ping Point of Lubricating Grease 
(D 566-40T),?° on the recommenda- 
tion of Subcommittee IV on Grease 
(F. E. Rosenstiehl, acting chairman), 
and 

Tentative Method of Test for Tetraethyl 
Lead in Gasoline (D 526-41 T)* on the 
recommendation of Technical Commit- 
tee A on Gasoline (C. B. Veal, chairman). 


V. WITHDRAWAL OF TENTATIVE 
STANDARD 

The committee recommends the with- 
drawal of the Tentative Methods of Test 
for Neutralization Number of Petroleum 
Products and Lubricants (D 188- 
41 T)” on the recommendation of Sub- 
committee XIII on Neutralization 
Number and Saponification (H. P. 
Ferguson, chairman) as it is superseded 
by the two new proposed tentative 
standards.” 


VI. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The following tentative standards 
have remained in the tentative status 
for two years or longer without revision: 


Test for Color of Lubricating Oil and Petrola- 
tum by means of A.S.T.M. Union Colorime- 
ter (D 155 — 39 T), 

Test for Consistency of Lubricating Greases and 
Petrolatum (D 217 - 38 T), 

Test for Sediment in Fuel Oil by Extraction (D 
473 38 T), 

Test for Ash Content of Petroleum Oils (D 

482 - 38 T), 


to Book of A.S.T.M. Standards, 
art 
® 1940 Supplement to Book of A.S.T.M. Standards, 
Past 
1" Sappiement to Book of A.S.T.M. Standards, 

Part it p. 313 

941 Supplement to Book of A.S.T.M. Standards, 
Pest p. 30 


Specifications for Fuel Oils (D 396 - 39 T), and 
Specifications for Gasoline (D 439 - 40 T). 


TABLE [V.—ANALYSIS OF LETTER BALLOT VOTE. 


Affi | N 
rma-| Nega- r =, 
Items tive tive | “Not 
Voting” 
I. New TENTATIVE 
STANDARDS 
Test for Neutralization Num- 
ber of Petroleum Products by = 
Color-Indicator Titration . 42 2 8 


Test for Neutralization Num- 
ber of Petroleum Products by 
Electrometric Titration ..... 39 2 11 

Test for Rust-Preventing 
Characteristics of Steam- 

Turbine Oils in Presence of 
41 2 9 

Conversion of Kinematic Vis- 

cosity to Saybolt Furol Vis- 


II. Revisions or TENTATIVE 
STANDARDS 
Test for Gum sua of 
Gasoline (D 525 ~ 41 T). 43 1 8 
Test for Knock 
tics of Aviation Fuels (D 
614-41 T 
Test for Knock Characteristics 
of Motor Fuels (D 357 - 
41T).. 
Test for Saponification Num- 
ber (D 94 - 41 T). : 46 1 5 
Test for Kinematic Viscosity 


III. Revisions or STANDARDS, 
IATE ADOPTION 


Test for Gum of 
line (D 381 - 45 0 7 
Test Point by Means 
of Pensky-Martens 
Tester (D 93 40).. 
Test for Melting Point of 
Paraffin Wax @ 87-37) ....| 43 0 9 
Test for Va Pressure of 
Petroleum roducts (Reid 
Method) (D 323-41)....... 43 0 9 


IV. Aportion or TENTATIVE 
STANDARDS AS STANDARD 
Test for Carbon Residue of 
Petroleum Products (Rams- 
bottom Carbon Residue) 
(D 524-41 T). 
Test for Dropping Point of 
Lubricating Grease (D 566- 
43 1 
Test for Tetraethy] Lead in 
Gasoline (D 526-41T)..... 42 1 


V. or TENTA- 
TIVE STANDARD 

Test for Neutralization Num- 

ber of Petroleum Products 

and Lubricants (D 188- 


It is recommended that these tentative 
standards be continued in the tentative a 
status because further developments are 


in progress or in prospect. 


— 
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TIVE 
D 
that the 
lards be 
r ballot 


VII. Srtx YEARS WITHOUT 
REVISION 


The following standards have been 
published for six years or longer without 
revision and are considered by the com- 
mittee to be in accord with present 
practice and requiring no revision: 


Test for Autogenous Ignition Temperatures of 
Petroleum Products (D 286 — 30), 

Test for Burning Quality of Long-Time Burning 
Oil for Railway Use (D 219 — 36), 

Test for Burning Quality of Mineral Seal Oil 
(D 239 — 30), 

Test for Dilution of Crankcase Oils (D 322 - 35), 

Test for Steam Emulsion of Lubricating Oils 
(D 157 - 36), 

Test for Flash and Fire Points by Means of 
Open Cup (D 92 — 33), 

Test for Flash Point by Means of the Tag 
Closed Tester (D 56 — 36), 

Test for Melting Point of Petrolatum (D127 — 30), 

Test for Detection of Free Sulfur and Corrosive 
Sulfur Compounds in Gasoline (D 130 - 30), 

Sampling Petroleum and Petroleum Products 
(D 270 - 33), and 

Abridged Volume Correction Table for Petroleum 


The recommendations appearing in 

this report have been submitted to letter 

ballot of the committee which consists 

of 73 voting members, with the results 
shown in Table IV. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 73 voting members; 52 
members returned their ballots, of whom 
51 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


R. Pp. ANDERSON, 


Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee D-2 presented to the Society 
through Committee E-10 on Standards proposed Emergency Alternate Pro- 
visions in the Standard Method of Test for Carbon Residue of Petroleum Products 
(Ramsbottom Carbon Residue) (D 524-42) which were accepted by Com- 
mittee E-10 on July 29, 1942, and issued under the designation EA - D524. 
They were published in ASTM Buttetin, No. 118, October, 1942, p. 55, 
and have been issued in the form of a pink sticker for attachment to the stand- 
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For the past two years, Subcommittee 
VI on Color has been studying the appli- 
cation of the photoelectric colorimeter 
to the measurement of color of lubricat- 
ing oil. The uncertainty of the future 
supply of satisfactory Union Colorimeter 
glass color standards' added impetus to 
the work. 

The Proposed Method of Test for 
Color of Lubricating Oil by Means of 
Photoelectric Colorimeter, appearing in 
Appendix II, is the result of the efforts 
of the subcommittee. It is described 
in general terms to permit the use of any 
photoelectric colorimeter which meets 
the requirements prescribed. The 
method specifies an instrument which 
may be standardized by means of six 
aqueous solutions; thus insuring repro- 
ducibility. Since only a meter scale is 
read, the results are independent of the 
color sense and judgment of the oper- 
ator. The method provides a continu- 
ous scale for obtaining the color of all 
lubricating oils, the color of which can 
be determined by the A.S.T.M. Union 
Colorimeter method.! 

The apparatus may be used to obtain 
additional information concerning the 
spectral distribution of the sample. 
Also, data obtainable by use of the 
apparatus may be employed to calcu- 
late such I.C.I. values as tristimulus 
values, trichromatic coefficients, etc. 

Preliminary observations were con- 
ducted by the laboratory personnel of 
13 companies. The comments were 
generally favorable, the criticisms being 
"1 Tentative Method of Test for Color of Lubricating 
Oil and Petrolatum by Means of A.S.T.M. Union Colori- 


meter (A.S.T.M. Designation: D 155), 1942 Book of A.S. 
T.M. Standards, Part III, p. 905 


based primarily on constructional de- 
tails. 
The major cooperative work on the _— 
method took place at a meeting of the oe 


representatives of 6 companies. Three 
instruments and ten oil samples were — Sie 
employed, and 55 observations were © a 
100 
90 Py 
\ 

70 


WwW 


Color, Photoelectric Colorimeter 


/ 


Color, A.S.T.M.Union.Colorimeter 


Fic. 1.—Relation Between Color Determined by 
Photoelectric Colorimeter and by a 
A.S.T.M. Union Colorimeter 


made. With one exception, readings 
the individual oils checked within plus — Mg 
or minus 0.5 scale unit. Therepresenta- 
tives of the other 7 companies used their 
own samples in conducting their obser- 
vations. 
The relation between color deter- 
mined by the photoelectric colorimeter — 
and by the A.S.T.M. Union Cainer 
is shown in Fig. 1. This figure is based 
on the tristimulus values of the primary See 
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Union Colorimeter glasses meas- 
ured by the National Bureau of Stand- 
ards and on similar data obtained in 
the laboratories of Socony-Vacuum Oil 
Co. using a commercial instrument which 
complies with the requirements of the 
method. All of the readings obtained in 
the cooperative studies agree with this 
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the individual glasses in a Union Color- 
imeter do not conform closely to the 
primary standards, a greater deviation 
is possible. 


Respectfully submitted on behalf of 
the subcommittee, 


curve within a quarter unit of A.S.T.M. EY match iL M. HANcocK, oll 
Union Color equivalent. Obviously, if Chairman. spon 
1. 
2. 
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REPORT OF TECHNICAL COMMITTEE c ON TURBINE OILS Eee 


Technical Committee C on Turbine 
Oils was organized early in 1940 in re- 
sponse to requests by turbine manu- 
facturers and users. The following 
subjects were indicated as the most 
important: 

1. Design and Use.—There are signifi- 
cant factors in the design and use of 
turbines which influence the life of 
the oil used to lubricate these 
installations. 

2. Rusting.—While previous work in 
Committee D-2 has dealt with 
various characteristics of turbine 
oils, no attention has been given to 
rusting behavior, which had become 
an important question in the past 
few years. 

3. Oxidation Stability—The basic 
question of oxidation stability is 
one with respect to which there has 
been no general agreement as to 
method of appraisal. 

Accordingly, the program of Technical 
Committee C was organized to treat 
these three subjects, and the work to 
date of the corresponding sections is 
summarized in this report. 

Section I on Oil Systems of Turbines 
(F. E. Rosenstiehl, chairman) has func- 
tioned by serving as a medium of inter- 
change of information and ideas between 
representatives of turbine manufac- 
turers, oil producers, and turbine users. 
A number of meetings have been held, at 
which various aspects of the problems 
involved have been discussed. Informal 
papers have been presented on oil- 
purification systems and on the cause and 
prevention of foaming of turbine oils. 


Materials of construction have been — 
dealt with from the standpoints of the 
influence of various metals, notably cop- 
per, in accelerating the oxidation of oils, 
and of the use of protective coatings for 
tanks and other parts of the turbine 
system. Some information on the de- 
sign of tanks, sumps, and means of 
venting has also been made available. 
Perhaps the most comprehensive work 
of the section has been the development 
of a questionnaire which was sent to 
turbine users by the Power Station 
Chemistry Subcommittee of the Prime 
Movers Committee of the Edison Elec- 
trical Institute. Information obtained 
in this questionnaire on temperatures 
and other factors in oil usage is now 
being assembled and correlated. 

Section II on Rusting (W. P. Kuebler, 
chairman) has studied rusting tests 
based on general recognition that the 
rust-preventive characteristic of turbine 
oils is an important quality affecting 
performance. The first set of cooper- 
ative tests involved the use of non- 
standardized tests, such as were in use 
at the various laboratories, on a series 
of new turbine oils. These tests 
included (a) several variations of a 
procedure developed in the laboratory of 
the Westinghouse Electric and Manu- 
facturing Co. involving contact of a 
strip of steel with a stirred mixture of 
the oil with a small amount of water, 
and (5) a procedure in which the strip of 
steel is dipped alternately in the oil and 
water. The general conclusion from 
4G. Dantsizen, ‘*Lubrication of General Electric Steam 


Turbines,” Transactions, Soc. Mechanical Engrs., 
Vol. 63, No. 6, August, 1941. 
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these tests was that the different pro- 
cedures showed the same general trends, 
and the stirring type of test (a) was 
selected for further study. The results 
showed that the rusting was more severe 
as the temperature of test was increased, 
and it was decided that temperatures 
approximating service conditions were 
preferable. 

With a preliminary standardization of 
variables, a second set of cooperative 
tests was run on oils on which a definite 
rating as to rusting tendencies was 


TABLE I.—RESULTS OF COOPERATIVE RUSTING 
TESTS BY PROPOSED PROCEDURE. 


Ratings of Oil Samples* 


@ Service rating of oils tested: 

No. which marked corrosion is 
No. 14—Borderline oil; will permit very little 
No. 1s—Definitely inhibits corrosion even in con- 


centration of 10 I cent by volume in new, 
noninhibiting oil. 


available, on the basis of plant per- 
formance. In these tests, the oils 
were rated in the same order by each 
laboratory and the rating agreed with the 
service data, but the absolute degree of 
rusting for a given oil varied consider- 
ably. It was felt that these variations 
were due to some differences in technique, 
particularly in the preparation of the 
‘test strips. Three modifications of the 
method of polishing the strip were under 
consideration, and in the third series of 
tests the simplest and most practical 
polishing method gave the most con- 


sistent data. In this series, three oils 
of known service behavior were tested 
and Table I shows the results submitted 
by ten laboratories. It will be noted 
that all of the oils were clearly classified 
in line with their service behavior; the 
critical sample, No. 14, permitted a slight 
degree of rusting which varied but little 
in the separate laboratories. The tech- 
nique used in this set of* tests is 
recommended for publication as a Tenta- 
tive Method of Test for Rust-Preventing 
Characteristics of Steam Turbine Oil in 
the Presence of Water.? 

Section III on Oxidation of Turbine 
Oils (C. Dantsizen, chairman) has car- 
ried out one set of cooperative tests using 
a published method* which involves 
long-continued oxidation of oil at 95 C. 
in the presence of water and coils of iron 
and copper wire. Deterioration of the 
oils was determined by rise in neutral- 
ization number and also in diminution of 
interfacial tension toward water. The 
service life of the oils used in this set of 
tests is not known definitely. In view 
of this lack, as well as the need for stand- 
ardizing and determining the effect of 
various factors in the observation test, 
no recommendations are being made at 
this time. The work of this section will 
be continued and an effort will be made 
to make available oils of known service 


behavior. 


Respectfully submitted on behalf of 
the technical committee, 
F. C. Linn, 


to 


T. H. RoGeErs, 


Secretary. 

2 This method was accepted as tentative by the So- 
ciety and appears in the 1942 Book of A.S.T.M. Standards, 
Part III, p. 969. 

*G. H. von Fuchs, N. B. Wilson, and K. Edlund, 
“The Evaluation and Performance of Pareine Oils,” 
Industrial and Engineering Chemisiry, Analytical Edition, 
Vol. 13, No. 5, May, 1941, p. 306. Neil 


| 
E 
4%; 
7 ee No. 13 No. 14 No. 15 ol 
few spots none 
Severe few spots none 
few spots none 
severe slight none m 
| slight none fil 
J severe slight non 
ta 
m 
ev 
ca we 
Ay 
fo 
mi 
De 
Bi Le 
Wi 
Ra 
in 
AS 
bric 


oils 
sted 
itted 
oted 
sified 
the 
light 
little 
tech- 
is 
enta- 
nting 
Jil in 


irbine 
car- 
using 
rolves 
95 C. 
f iron 
of the 
utral- 
ion of 

The 
set of 
| view 
stand- 
ect of 
n test, 
ade at 
on will 
» made 
service 


half of 


ANN, 
lirman. 
4: 
at 
xy the So- 
Standards, 


Edlund, 
ine Oils,” 
al Edition, 


. 


ap 


Ca This is a proposed method and is published as information only. 
dacs 5 omments are solicited and should be addressed to the American 
iety for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


1. This method of test is intended for 
the determination of the percentage of 
oil in paraffin wax having a melting point 
of 105 F.? or higher, and containing not 
more than 10 per cent by weight of oil. 


Nature of Test 


2. The method involves dissolving the 
wax in methylethylketone, cooling to 
minus 25 F. to precipitate the wax, 
filtering out the methylethylketone con- 
taining the dissolved oil, and deter- 
mining the oil content of this filtrate by 
evaporating the methylethylketone and 
weighing the residue. 


Apparatus 


3. The apparatus shall consist of the 
following: 

(a) Cooling Vessel.—A cooling vessel, 
substantially V-shaped, with approxi- 
mate dimensions as follows: 


4 
Width at top of V 
Radius of curvature at bottom of V 


A suitable cooling vessel is shown 
in Fig. 1. 

(b) Filter Leaf.—A filter leaf of any 
convenient shape, approximately 1 in. 


1 Rio proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and Lu- 
bricants. Published as information, 

2 Determined in accordance with 
of Test for os? Point of Paraffin Wax (A.S.T.M. Desig- 
nation: D 87) the American Society for Testing 
Meneses, 1942 Book of A.S.T.M. Standards, Part III, 
>». 189, 


in height. 


in thickness and not more 

A suitable filter leaf is S 
shown in Fig. 2. The filter medium > 
for the leaf shall be qualitative filter — 
paper,® supported by a perforated metal — 
plate. Alternatively a leaf covered 
tightly with filter canvas (No. 8 cotton _ 
duck), previously washed free of soluble © 


Bross 0020" _| 
(No.24 B&S. 


Rod. 


Fic. 1.—Cooling Vessel. 


matter with methylethylketone, may 

be used. A metal tube at least 12 in. 

in length, ¢ in. in outside diameter, and 

in. in inside diameter shall be provided, 

running through, and sealed to, the i ee 

frame, and extending to within in. of 

the bottom of the leaf, inside the paper ie 

or cloth. 
(c) Precooling Chamber——A precool- 

ing chamber 10 in. in depth with other ¥ 

dimensions such as to provide a loose tae a 


fit for either one or two filter leaves. 


3 Eaton—Dikeman No. 615, or equivalent. 
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(f) Thermometers.—Two thermometers 


314 


A suitable precooling chamber for a 
single filter leaf is shown in Fig. 3. 

(d) Cooling Bath.—A cooling bath of 
a size to accommodate any desired 
number of cooling vessels and pre- 
cooling chambers, and designed to main- 
tain a temperature of minus 35 + 5 F. 
The bath may be filled with a suitable 
medium such as methylethylketone and 
may be cooled by circulating a refriger- 
ant through coils, or by using solid 
carbon dioxide. 


é 
Note: AN, s nickel. 


--35- 


9-cm Filter Paper 
| Perforated Plate-Hard 
| Brass,Hatters Cone Pottern, 
Perforation 0078. wg. 

No. 24 (0.022" ) 24 "Dion 


Fic. 2.—Circular Filter Leaf. 


(e) Evaporation Assembly.—An evapo- 
ration assembly consisting of evaporat- 
ing cabinet and connections, as illus- 
trated in Fig. 4. The cabinet shall be 
capable of maintaining a temperature 
between 90 and 100 F. around the 
evaporation flasks. As an alternative 
to the evaporating cabinet a water bath, 
equipped with heating and stirring de- 


vices capable of maintaining a tempera- — 


ture of 95 + 2 F., may be used and the 
air stream preheated to this tempera- 
ture by passage through a metal coil 
immersed in the water bath (see Fig. 5). 
Jets shall be provided for delivering a 
stream of clean, ays air n- 


or Commitree D-2 


Approx. 


Assembly 


ward into the evaporation flasks. The 
inside diameter of each jet shall be 3 + 
0.2 mm., and the tip of each jet shall be 
25 + 5 mm. above the surface of the 
liquid at the start of evaporation. Air 
shall be supplied at the rate of 2 to 3 
liters per minute. The air shall be 
purified by passage through a com- 
mercial air filter and a 30-cm. column 
of 30- to 60-mesh fuller’s earth. The 
cleanliness of the air shall be checked 
periodically by evaporating 100 ml. of 
methylethylketone by the procedure 
specified in Section 5 (f). The residue 
shall not exceed 2 mg. apt? 


sted 
0.020" 
(No. 24.B.& S. 
bose} 


“> 


= 
Fic. 3.—Precooling Chamber. 


conforming to the requirements of the 
Standard Specifications for A.S.T.M. 
Thermometers (A.S.T.M. Designation: 
E 1) of the American Society for Testing 
Materials,’ as follows: 

(1) For the solution of the wax, an 
A.S.T.M. Partial Immersion 
Thermometer E 1 (1 F-39), 
ae F having a range of 0 to 300 F. 

(2) For the cooling bath and cooling 
vessel, an A.S.T.M. Low Cloud 
ei and Pour Thermometer E 1 

é (6 F - 39), having a range of 
—70 to +70 F. 


4 The life of the fuller’s earth drying column can be 
lengthened by placing a se washing bottle containing 
sulfuric acid (95 per cent) before the drying column. 

51942 Book of A.S.T.M. Standards, Part II, p. 974; 
Part III, p. 818. 
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4. Methylethylketone—The technical 
grade is satisfactory if its refractive 
index at 68 F. (20 C.) is 1.378 + 0.002 
and if the residue remaining after the 
evaporation of 100 ml. by the procedure 
specified in Section 5 (f) does not ex- 


Solvent 


ceed 2 m 


5. (a) Melt a representative portion 
(Note 1) of the sample of wax in a suit- 


able container, using a water bath or 


Fullers Earth - 
filter 


Pressure 
Regulotor 


Flowmeter 
Commercial 


Manifold (8 Jets Shown) 


Evaporating Cabinet 
Fic. 4.—Evaporation Assembly. ; 


oven maintained at 160 to 180 F. 
Pour 24 to 26 g. of the sample, as 
soon as possible after melting, into a 
clean, dry 500-ml. Erlenmeyer flask 
weighed to the nearest 0.2 g. Weigh 
the flask and sample to the nearest 
0.2 g., and add 375 + 5 ml. of methyl- 
ethylketone. Attach a_ water-cooled 
condenser to the flask by a ground-glass 
joint or cork covered with metal foil, 
and heat the flask and contents until the 
sample has dissolved, taking care to pre- 
vent surging of the liquid in the con- 
denser. 


Nore 1.—If the sample of wax is 2 Ib. or less, 
obtain a representative portion by melting the 
entire sample and stirring thoroughly. For 
samples over 2 lb., exercise especial care to in- 
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sure obtaining a truly representative portion, 
bearing in mind that the oil may not be dis- 
tributed uniformly throughout the sample, and 
that mechanical operations may express some 
of the oil. 


(6) Discontinue heating and, after 
boiling ceases, disconnect the condenser. 
Weigh rapidly the flask and contents to 
the nearest 0.5 g. Then close the flask 
with a stopper carrying the partial im- 
mersion thermometer. 

(c) When the solution has cooled to 
about 130 F., but before any wax pre- 
cipitates, pour the solution into the clean, 
dry, cooling vessel (Fig. 1) contained in 


To Air 
Monifold Supply 
[ 
“Water Bath Air 
Coil 


5.—Alternative Evaporation Assembly. 


the cooling bath at minus 35 + 5 F. 
and stir frequently. When the tempera- 
ture of the mixture in the cooling vessel 
reaches minus 20 F., stir constantly until 
the temperature reaches minus 25 + 
0.5 F. 

(dq) immerse the clean, dry filter leaf 
or leaves, previously cooled to minus 
35 F. in the precooling chamber (Fig. 3), 
in the mixture and connect to a 250-ml. 
Erlenmeyer flask weighed with a tare to 
the nearest 1 mg., and to a suction line 
on which a partial vacuum of at least 10 
in. of mercury is maintained (See Fig. 6). 
Collect about 100 ml. of filtrate in the 
Erlenmeyer flask. 

(e) Disconnect the Erlenmeyer flask, 
rinse the outside of the flask with ace- 
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tone, wipe dry with a clean cloth, and 
weigh the flask and contents to the 
nearest 0.2 g. 

(f) Place the flask in the evaporation 
assembly maintained at 90 to 100 F. 
with the air jet inside the neck of the 
flask and the tip 25 + 5 mm. above the 
surface of the liquid (Note 2). After 
2 hr. of evaporation, allow the flask to 
cool to room temperature and weigh the 
Erlenmeyer flask and contents with a 
tare to the nearest 1 mg. Continue 


Regulotor - 


4 


Filter Leaf 
in Sample 


Fre. 6.—Filtration Assembly. 


evaporation as before, weighing at hourly 
intervals until the loss between success- 
ive weighings is not over 2 mg. 


Nore 2.—If a water bath is used as an al- 
ternative to the evaporating cabinet as per- 
mitted under Section 3 (e), modify the evapora- 
tion procedure as follows: Place the flask in 
the water bath maintained at 95 + 2 F. with 
the air jet inside the neck of the flask and the tip 
25 + 5 mm. above the surface of the liquid. 
After 2 hr. of evaporation, remove the flask 
from the water bath, rinse the outside of the 


flask with acetone to remove water, place on ‘Pilots in the Wax 


paper towel or other blotter to dry for 1 min., 
and cool for 15 min. in a desiccator containing 
calcium chloride. Do not wipe the flask with a 
towel as this may create static, which is objec- 
tionable during weighing. Weigh flask and 
‘contents with a tare to the nearest 1 mg. Con- 
tinue evaporation as before, weighing at inter- 
vals of 30 min., until the loss between successive 


is not over 2 mg. and the formula is simpler to use. 


REPORT OF CoMMITTEE D-2 (AppENDIx I) 


tu 


tthe 


Calculation 
6. Calculate the percentage of oil in 


the wax as follows:* a 
(Oil i in wax, per cent by weight = we24 


Cc 
(100.x4 x - 0.15 


rp 


where; 

A = weight in grams of ol residue, 

B = weight in grams of wax sample, 
C = weight in grams of solvent—ob- 


tained by subtracting weight of 
500-ml. Erlenmeyer flask plus 
wax sample (Section 5 (a)) 


ia x from weight of flask and con- 
tents (Section 5 (6)), 

D = weight in grams of filtrate, and 
0.15 = an average factor correcting for 


the solubility of wax in the 
solvent at —25 F. 
If the result is negative, it shall be 
reported as zero. 


Reproducibility of Results 


7. With care and proper attention to 
details, duplicate results, expressed as 
percentage of oil in the wax, should not 
differ from the average by more than 
the amounts shown in the following 


tabulation: 
Numerical Deviation 
of Individual 
Results from 
Average 
Results by Results by 
per cent One Different 
: Operator Operators 
0.2 0.4 


6 This formula does not provide for deduction of the 
weight of the oil residue from the weight of the filtrate, 
is only approximate. the results ob- 

are within Whe limits of reproducibili 
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APPENDIX II 


PROPOSED METHOD OF TEST FOR COLOR OF LUBRICATING OIL aoe 
BY MEANS OF PHOTOELECTRIC COLORIMETER! ae 
cea. This is a proposed method and is published as information only. Bae, ; 
=. BES Comments are solicited and should be addressed to the American jai 
sie Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. Sacre 
mee } 
Scope cee that the intensity of light output is 


1. This method of test is intended for 
the determination of the color of lubri- 
cating oil by means of a photoelectric 
colorimeter. 


Nature of Test 


2. The color of the oil is measured 
with a colorimeter consisting essentially 
of a stable source of illumination, a 
standard sample holder, a light filter, 
and a photoelectric cell. The measured 
color is fundamental in nature because 
of its direct relation to the I.C.I. “Y” 
tristimulus value or brilliance of the 
sample. Photoelectric color plotted 
against the “Y” tristimulus value yields 
a curve which is a straight line passing 
through the origin and having a slope 
of 0.90. This slope results from the 
use of distilled water as a standard, and 
from the fact that the brilliance of 
distilled water against air or vacuum is 


approximately 90 per cent. reas 
PP 


Apparatus 


3. The component parts of the pho- 
toelectric colorimeter shall conform 
to the following requirements: 

(a) Source of Illumination.—The source 
of illumination shall be an incandescent 
light bulb supplied in such a manner 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1942. 

The experimental work conducted in the development 
of this method was performed with Hellige-Diller colorim- 

eters. 


independent of fluctuation of plus or 
minus 15 per cent in the supply voltage, 
and arranged so that the focus is fixed 
and reproducible. 

(b) Optical System.—The light from 
the lamp shall be filtered through a heat 
absorber, then passed through a system 
of lenses and diaphragms that will 
converge the beam to a spot substan- 
tially at the center of the sample con- 
tainer, after which the beam shall 
diverge. 

(c) Sample Container.—The sample 
container shall be a round tube with 
closed bottom, made of Pyrex glass, or 
its equivalent. The sample container 
shall have an outside diameter of ap- 
proximately 20 mm. and a length of 
about 140 mm. Each sample tube of a 
set shall be interchangeable with any 
other tube of the set within a tolerance of 
0.1 photoelectric color units. The con- 
tainer should be so supported that it is 
reproducibly positioned upon random 
insertion. 

(d) Filters.—The light filters shall be 
made of glass, or combinations of glass, 
in which the coloring material shall be 
uniformly dispersed. The filters shall 
retain their colors indefinitely. Three 
filters, designated as red, violet, and 
north sky filters, shall be provided. 

(e) Electrical Circuit.—The electrical 
circuit shall be such that no fatigue shall 
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be observable, and shall include a control 
capable of coarse and fine adjustment for 
setting the pointer at 100. 

(f) Photoelectric Cell—The photoelec- 


tric cell shall be of the self-generating, 
barrier-layer type. 


(g) Meter—The meter shall consist 
of an instrument to measure the output 
of the photoelectric cell, with a linear 
scale indicating zero in the dark and 
100 with distilled water in the sample 
_ container. The meter shall be able to 

withstand an overload of 1000 per cent, 
and its pointer shall be at all times under 
damping control. 


§$tandardization of Apparatus 


4. (a) The apparatus shall be stand- 
ardized as a complete unit, so that 
standard solutions placed in the sample 
container will yield certain fixed scale 
deflections with each of the three filters. 
The following solutions prepared with 
exp. chemicals shall be used for this 
standardization: 

Solution 1, Sulfuric Acid.—Stir 300 g. 
of H.SO, (sp.gr. 1.84) in distilled water 
to make 1 liter of solution. 

Solution 2, Ammonium Hydroxide.— 
Stir 250 ml. of NH,OH (sp.gr. 0.90) in 
distilled water to make 1 liter of solu- 
tion. 

Solution 3, Alkaline Borax Solution.— 
Dissolve 10 g. of borax (Na2B,O7- 10H,0) 
and 30 g. of KOH in distilled water and 
dilute to 1 liter. 

Solution 4a, Ammoniacal Nickel Sul- 
fate Solution.—Dissolve approximately 
2.5 g. of NiSO,-6H,O in solution 2 and 
dilute to approximately 100 ml. with 
solution 2. Determine accurately by 
analysis the nickel content of the solu- 
tion; dilute with solution 2 to give 
0.500 g. of nickel per 100.0 ml. of solu- 
tion. Restandardize, and readjust if 
necessary. 

Solution 4b, Diluted Ammoniacal 

Nickel Sulfate Solution.—Dilute 25.0 ml. 


of solution 4a to 100.0 ml. with solu- 
tion 2. 

Solution 5a, Acid Potassium Dichro- 
mate Solution.—Dissolve exactly 10.000 
g. of dry, c.p. KeCrO; in solution 1, 
and dilute to exactly 100.0 ml. with 
solution 1. 

Solution 5b, Diluted Acid Potassium 
Dichromate Solution.—Dilute 410.0 ml. 
of solution 5a to 100.0 ml. with solu- 
tion 1. 

Solution 6a, Potassium Dichromate - 
Alkaline Borax Solution.—Dissolve 
0.0200 g. of pure, dry KyCr.O; in solu- 
tion 3, and dilute to 100.0 ml. with 
solution 3. 

Solution 6b, Diluted Potassium Di- 
chromate- Alkaline Borax Solution.— 
Dilute 10.0 ml. of solution 6a to 100.0 
ml. with solution 3. 


Nore 1.—If these solutions are to be kept, 
they shall be stored in glass-stoppered, alkali- 
resistant glass bottles. Even with this pre- 
caution, the solutions may develop a very fine 
precipitate. The photoelectric color reading is 
affected by turbidity too slight to be visible to 
the eye. All of these solutions, therefore, shall 
be filtered through clean, dry asbestos before 
use. This filtration does not noticeably affect 
the content of the colored ion. 


(6) To standardize the apparatus, 
measure the color of the standard solu- 
tions in exactly the same manner as in 
the measurement of the color of a 
sample (Section 5). Under these condi- 
tions, the percentage transmittances 
obtained on the standard solutions, with 
the appropriate filters, shall agree with 
the values shown in Table I within 


TABLE WITH STANDARD 


SOLUTI 
Transmittance, per cent 

ution 

North Sky . Violet 

Filter | Red Filter | Pitter 

re 48 44 79 
80 
32 99 
1 
94 100 2 
6b. . 70 
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- plus or minus 1 unit. These readings a temperature 20 to 30 F. (11 to 17 C.) 
shall be obtainable at any desired time, above the melting point. 


- regardless of the age of the instrument. (b) Using the North sky filter, set the 
0 Diesel colorimeter to read 100 per cent trans- 
: TT mittance with distilled water in the cell. 
5. (a) Test the sample at room tem- Measure the percentage transmittance 
perature, unless heat is necessary to of the sample, reading to the nearest 0.5 
m 
100 
— 
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‘ith 0 
0 20 40 60 80 
Transmittance with North Sky Filter, per cent 
Fic. 1.—Transmittance with Red Filter versus Transmittance with North Sky Filter. Ys io 
> remove cloud or to melt the sample. unit if above 5, and to the nearest 0.1 
. To remove cloud, heat the sample to a__ unit (estimated) if between 0.2 and 5. 
temperature not more than 10 F.(5.6C.) Recheck the setting on distilled water and 
above the cloud point. When it is repeat the measurement if this setting 


iecessary to melt the sample, heat it to has varied by more than 0.5 unit. If 
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the transmittance of the sample with 
the North sky filter is between 0.2 and 
96 per cent, proceed in accordance with 
Paragraph (c); if the transmittance is 
above 96 per cent, proceed in accordance 
with Paragraph (d); if the transmittance 
is below 0.2 per cent, proceed in ac- 
cordance with Paragraph (e). 

(c) Transmittance Between 0.2 and 
96 per cent.—The percentage transmit- 
tance using the North sky filter shall be 
reported as the photoelectric color of 
the sample. If further information con- 
cerning the sample is desired, repeat the 
procedure described in Paragraph (6), 
including setting the colorimeter with 
distilled water, using the red filter in 
place of the North sky filter. If the 
transmittance with the red filter plotted 
against the transmittance with the 
North sky filter does not give a point 
lying within the band shown on Fig. 1, 
the sample shall be considered “ab- 
normal.” 

(d) Transmittance Above 96 per cent.— 


Set the colorimeter to read 100 per cent 
transmittance with distilled water using 
the violet filter, and measure the trans- 
mittance of the sample to the nearest 
0.5 unit. Report to the nearest 0.05 
unit the photoelectric color calculated 
as follows: 


Photoelectric color = 


90.0 + 


Report oF CommirrEE D-2 I 


a 


If the transmittance, using the North 
sky filter, obtained as described in 
Paragraph (b) differs by more than 
0.5 unit from the photoelectric color as 
calculated the sample shall be con- 


sidered “abnormal.” PRC 


Nore 1.—The beam of light passing through 
the sample may cause a change in the color of 
unstable products. With such samples, the 
measurement shall be made as'‘rapidly as pos- 
sible to minimize this effect. 

Nore 2.—If the sample is turbid, or contains 
suspended matter, filter it through clean, dry 1. 


paper before measurement. cedu 
(e) Transmittance Below 0.2.—Dilute res 
the sample with kerosine of photo- depo 
electric color above 98 to obtain a solu- § peen 
tion containing 15 + 0.1 percent sample. § pres« 
If the sample requires heating to 20 to § for : 
30 F. (11 to 17 C.) above the melting § gaso! 
point in accordance with Paragraph (a), § 2- 
heat the kerosine to the same tempera- ff > 1 
ture before the solution is prepared. 
Measure the transmittance using the _ 
North sky filter as described in Para- 9; p; 
graph (6) and report the result as the 9 214; 
photoelectric color. The photoelectric § tate 
colors of all samples that have been § Othe 
diluted shall be followed by the desig- J of 
nation “dil.” = 
Reproducibility 
6. With care, and proper attention to §} with: 
details, duplicate determinations of 21 
_ photoelectric color by one operator shall at le 
agree to within 0.5 unit, and duplicate a 1g 
percentage violet transmittance determinations by different operators aa 
shall agree to within 1 unit. “saps " vi (2 
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1. Scope-—This method describes a pro- 
cedure for an accelerated oxidation stability 
test for aviation gasoline by means of which 
the quantity of residue (gum plus lead 
deposit) is measured after the gasoline has 
been oxidized for a specified time under 
prescribed conditions. Provision is made 
for a correction in the case of aviation 
gasoline containing tetraethy] lead. 

2. Apparatus: (a) Bomb.—The bomb shall 
be made of a stainless steel (Note 1) with 
the inside dimensions of the portion that 
encloses the reacting gasoline-oxygen mix- 
ture conforming substantially to those shown 
in Fig. 1. The interior surface of the bomb 
and lid shall be given a high polish to facili- 
tate cleaning and to prevent corrosion. 
Other structural details such as the method 
of closure, gasket material, and outside 
dimensions are optional, provided the fol- 
lowing limitations are observed: 

(1) The bomb shall be constructed to 
withstand a working pressure of 180 psi. 
at 212 F. (100 C.), with an ultimate strength 
at least equal to that of a bomb constructed 
of 18 per cent chromium, 8 per cent nickel 
alloy steel (Note 1) and having dimensions 
as shown in Fig. 1. 

(2) The closure (Note 2) shall be capable 
of making a seal that will not leak when the 
bomb is filled with oxygen to 100 psi. at 60 
to 80 F. (15.6 to 26.7 C.), and plunged into 
a bath at 212 F. (100 C.). Any suitable 
gasket material may be used that will not 
react with oxygen (Note 3). 

(3) The weight of the bomb assembled 
as shown in Fig. 1, but without the oxygen 
valve and glass liner, shall be not less than 
5.0 Ib. nor more than 8.0 lb. This weight 


: This method is under the jurisdiction of the 
AS.T.M,. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, June, 1941; modi- 
fied June, 1942. 
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Comments are solicited and should be addressed to the American 

Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


shall be distributed about the sample con- 
tainer in a manner equivalent to that shown 
in Fig. 1. 


Note 1.—A suitable material is an 18 per 
cent chromium, 8 per cent nickel alloy steel 
conforming to grade S, type 304 of the Standard 
Specifications for Corrosion-Resisting Chromium 
and Chromium-Nickel Steel Sheet, Strip, and 
Plate for Fusion-Welded Unfired Pressure Vessels 
(A.S.T.M. Designation: A 240) of the American 
Society for Testing Materials;? or S.A.E. Nos. 
30905 or 30915. 

Note 2.—It is preferable that the closure 
ring be constructed from an alloy different from 
that used for the bomb body, particularly if 
the bomb metal is that specified in Note 1 and 
if the mating threads of the two parts are to 
move with respect to each other when a tighten- 
ing load is applied. 

‘Note 3.—Reactivity with oxygen shall be 
determined by the following test: The gasket 
under test shall be placed in the bomb in the 
absence of gasoline and a gasket of similar 
composition used in the attachment of the cover. 
The bomb shall be filled with oxygen to a 
pressure of 100 psi. and immersed in a bath at 
about 212 F. (100 C.). If the pressure does not 
drop more than 2 Ib. from the maximum in a 
24-hr. period, with the bath temperature 
differing by not more than 2.0 F. from that when 
the pressure was at its maximum, the gasket 
shall be considered nonreactive in the presence 
of oxygen. 


(b) Glass Liner —A glass liner for the 
bomb shall be provided, the shape and 
dimensions of which shall conform to those 
shown in Fig. 1. The glass liner shall fit 
snugly inside the bomb. 

(c) Bomb Accessories—The bomb lid 
shall be provided with a stem and stem filler 
rod, both constructed of stainless steel and 


2 1942 Book of A.S.T.M. Standards, Part I, p. 467. 
31942 S.A.E. Handbook, p. 308. 
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having dimensions substantially as shown 
in Fig. 1. The inside of the stem and the 
outside of the filler rod shall be given a high 
polish to facilitate cleaning. Means shall 
be provided for connecting to the bomb stem 
an indicating or recording pressure gage 
(Paragraph (d)) and a tightly closing needle 
valve (Note 4) through which oxygen may 
be admitted. The connection to the source 
of oxygen may be made as indicated in 
Fig. 1, or it may be made through a tee or 
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Fic. 1.—Bomb for Accelerated Oxidation. 


cross connection on the top of the bomb 
stem. A circular metal plate of a diameter 
sufficient to serve as a lid for closing the 
bath when the bomb is in place shall be 
fitted to the stem in any convenient manner 
but in the position shown in Fig. 1. A suit- 
able holder for the bomb and an adequate 
wrench for obtaining a tight closure shall 
be provided. 

Nore 4.—For convenience in handling, it 
is suggested that a tire valve and stem be at- 


tached to a three-way pressure cock which in 
turn is attached to the needle valve and that 
the oxygen be introduced through a suitable 
high-pressure air hose and fitting. It is con- 
sidered safer practice to release the gas in the 
bomb through the third unobstructed port of 
the three-way cock rather than through the 
small orifice of the tire valve. The heedle valve 
must not be eliminated, as it is necessary to in- 
sure against leaks at this point during the test. 


(d) Pressure Gage.—A pressure gage with 
a maximum reading of 200 psi. shall be 
used. It may be of either the indicating or 
the recording type. The scale for the range 
100 to 180 psi. shall average at least 1 in. 
per 50 psi. pressure differential measured 
along the arc of the scale. Intervals of 
division shall be 5 psi. or less. The ac- 
curacy shall be 1 per cent of the total scale 
interval. The gage may be connected to 
the bomb stem directly or by a flexible 
metal tubing, but the total volume of the 
stem with filler rod in place and all connec- 
tions shall be not more than 15 ml. 

(e) Oxidation Bath—The oxidation bath 
shall be a water bath having a capacity of 
not less than 4.5 gal. per bomb, and of such 
dimensions that the maintained depth of 
liquid is not less than 11.5 in. The bath 
shall be equipped with a condenser and a 
heating unit for keeping the water boiling 
continuously. It also shall have a thermom- 
eter well such that the 206 F. (96.7 C.) point of 
the thermometer (Paragraph (f)) shall be of 
the same level as the upper surface of the 
bath cover. A round opening of such a diam- 
eter as to accommodate the bomb and to fit 
the plate fastened to the bomb stem shall be 
provided. The top of the bomb lid shall be 
submerged at least 2 in. below the surface 
of the bath liquid. 

(f) Thermometer.—The thermometer shall 
be an A.S.T.M. Saybolt Viscosity Thermom- 
eter, graduated in either Fahrenheit or Cen- 
tigrade degrees as specified, having a range 
of 204 to 218 F. or 95 to 103 C. and conform- 
ing to the requirements for this thermome- 
ter as prescribed in the Standard Specifica- 
tions for A.S.T.M. Thermometers (A.S.T.M. 
Designation: E 1) of the American Society 

for Testing Materials.‘ 

(g) Evaporation Bath—The evaporation 
bath shall consist of a closed vessel provided 


, 41942 Book of A.S.T.M. Standards, Part IT, p. 974; 
Part III, p.818. 
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with a reflux condenser, a well into which the 


a conical adapter to deliver the air into the 
center of the beaker. A suitable form of 
apparatus is shown in Fig. 2. A multiple 


bath having similar provisions is also satis- 
factory. The bath shall be filled to within 
1 in. of the top with a stable liquid having a 


beaker fits, a coil for preheating the air, and» 
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sandblasted steel (Note 5), in the form of 
tubing or strips twisted into spirals, not 
exceeding ; in. in thickness and having a 
total surface of about 17.5 sq. in. Six 
tubes } in. in outside diameter, 2; in. in 
wall thickness, and°2 in. in length have 
sufficient surface and conveniently fit in the 
apparatus. 


Silver Solder Tubing & Wall 
-—Apparatus for Determining Gum Content of Oxidized Gasoline. 
boiling point within a temperature range Note 5.—A suitable material is car é 
from 320 to 330 F. (160 to 165.8C.). Ethyl- steel in chemical compesition 
ene glycol containing approximately 3 per Quality for 
cent water is suitable for the purpose. (A.S.T.M. Designation: A 107) of the rl na bis 
he bath shall be insulated with asbestos. Society for Testing ” Materials-5 or SAE ae 
‘\n electric hot plate capable of keeping the No. 10208 
‘quid boiling actively is the preferred heat- shall be of the 
tion y ll without lip, and of 100-ml. nominal capacity. 
ided irner, in which case the apparatus sha 


be placed in a hood with a good draft. 
(h) Catalyst.—The catalyst shall be clean, 


§ 1942 Book of A.S.T.M. Standards, Part I, p. 117. 
$1942 S.A.E. Handbook, p. 304. 
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“a (7) Gooch Crucible.—A sintered-glass Gooch 
erucible, fine porosity, of 25-ml. nominal 
; capacity shall be used. 

(k) Air Supply.—Low-pressure air shall 
be passed through a cotton or glass-wool 
filter and delivered to the preheater inlet of 
the bath. A flowmeter or other air- 
_ measuring device shall be provided as shown 
_ in Fig. 2. The flowmeter shall be calibrated 
_ when attached to the bath with the bath 
liquid at room temperature. 

3. Procedure.—(a) Carefully clean the 
: bet bomb and its accessories before starting the 
test. Wash the glass liner with a suitable 
2. i gum solvent (Note 6) and allow to dry. 


times with distilled water, and finally dry by 
heating in an oven. The glass liner should be 


3 present and wipe the inside of the bomb and 
cap, first with a clean cloth moistened with the 
gum solvent and then with a clean dry cloth. 
- Remove the gum or gasoline in the annular 


space with gum solvent. Occasionally re- 


Nore 6.—Either acetone or a blend of benzol 
and ethyl alcohol (1:1) is a satisfactory gum 
solvent. 


(b) Bring the bomb and the gasoline to 
be tested to a temperature of 60 to 80 F. 
(15.6 to 26.7 C.). Place the glass liner 
containing the catalyst (Note 7) in the bomb 
and add 100 + 1 ml. of sample. Close the 
_ bomb and introduce oxygen until a pressure 
of about 100 psi. is obtained. Allow the gas 
in the bomb to escape slowly in order to flush 
out the air originally present. Introduce 
oxygen again until a pressure of about 100 
to 102 psi. is obtained, and then observe 
for leaks (Note 8). If there are no leaks, 
the test may be continued. 

Norte 7.—The catalyst shall be sandblasted 
- to a uniform gray color, washed in HCl (2 per 
cent), rinsed with distilled water and then with 
acetone, and stored in kerosine. 

Nore 8.—An initial rapid drop in pressure, 
generally not over 6 psi. may be observed 
because of the solution of oxygen in the sample. 
If after a few minutes the rate of pressure drop 
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does not exceed 1 psi. in 10 min., the absence of 
leaks may be assumed. 

(c) Place the charged bomb in the bath 
of vigorously boiling water, being careful 
to avoid shaking, and record the time of 
immersion as the starting time. Maintain 
the temperature of the water at 212 + 0.2 F. 
(100 + 0.11 C.). Leave the, bomb in the 
oxidation bath for 5 hr. (Note 9). If the 
atmospheric pressure is such that the 
temperature of boiling water is not within 
the specified range of 212 + 0.2 F. (100 
+ 0.11 C.) but is or can be made to fall 
within the range of 209 to 215 F. (98.3 to 
101.7 C.), increase or decrease the time of 
heating from 5 hr. to within plus or minus 
5 min. of the equivalent time at the oper- 
ating temperature in accordance with the 
schedule given in Table I. 

TABLE I.—AGING TIME AT VARIOUS 


TEMPERATURES EQUIVALENT TO 5 
HR. AT 212 F. (100 C.). 
Temperature Aging Time 
Deg. Cent. Deg. Fahr Hr. Min. 
98.4 5 48 
98.6 pee 5 41 
98.8 5 35 
99.2 5 23 
99.4 eG 5 17 
99.6 5 il 
100.0 | a 5 0 
100.2 54 
100.4 4 49 
100.8 wits 4 39 
101.2 + 29 
101.4 4 24 
101.6 + 20 


Nore 9.—If, as indicated by a steady drop in 
pressure, a leak develops after the bomb is 
placed in the bath, the test shall be discarded. 

(d) At the completion of the oxidation 
period, remove the bomb from the bath and 
cool rapidly with water while the charging 
valve is still closed. Release the pressure 
slowly, take the bomb apart, and remove 
the glass liner. 

(e) Filter the oxidized gasoline through 
a clean, dried, weighed Gooch crucible and 
save the filtrate. Wash the interior of the 
liner and the catalyst twice with fresh 10-ml. 
portions of solvent (Note 6) to remove any 
insoluble gum or visible lead precipitate. 
Filter the washings through the crucible 
and add the filtrate to the filtered oxidized 
sample. To insure homogeneity, mix the 
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combined filtrates thoroughly and reserve 
for the gum determination (Paragraph (g)). 
Wash any visible precipitate remaining on 
the catalyst or in the glass liner with ad- 
ditional solvent. Collect the precipitate 
in the crucible, but discard the wash liquid. 
Dry the crucible at 212 F. (100 C.) in an 
oven for 1 hr., cool in a desiccator, and weigh. 
Record the increase in weight as visible 
lead precipitate. 

Note 10.—Avoid exposin 
daylight prior to and At 
the end of the test no visible precipitate shall be 
present in the glass liner. 

(f) Wash two test beakers, and a similar 
tare beaker, free from gum with the solvent 
(Note 6), immerse for at least 12 hr. in 
chromic-acid cleaning solution, and wash 
thoroughly, first with tap water and then 
with distilled water. Subsequent to re- 
moval from the cleaning solution, handle the 
beakers only by means of clean metal forceps. 
After washing, thoroughly dry all three 
beakers by heating to about 302 F. (150 C.), 
and allow to cool simultaneously for the same 
period of time, but not less than 1 hr., in a 
desiccator. Do not use a drying agent in 
either the balance case or the desiccator. 
Weigh each test beaker, using the tare (Note 
11) on the opposite balance pan. After 
weighing, replace the tare beaker in the 
desiccator and place the test beakers in the 
wells of the bath as shown in Fig. 2. Ad- 
just the air flow to a rate, at the point of 
measurement, of 1 liter per sec. + 15 per 
per cent. Heat the bath so that the tem- 
perature of the effluent air, measured by a 
thermometer placed on the bottom of the 
beaker at the center, is from 305 to 320 F. 
(151.7 to 160 C.). This is governed largely 
by the rate of boiling of the bath liquid and 
the rate of air flow. 


Nore 11.—For routine tests it is permissible 
to use the same beaker as a tare for more than 
one test beaker but not for more than six test 
beakers, provided all are heated at the same 
time. 

(g) Remove the conical adapters and 
pour approximately one half (plus or minus 
2 ml.) of the reserved filtrate (Paragraph 
(e)) into each beaker; then replace the 
adapters on the air outlet s so Gat the are 
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ethyl lead. 
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vertically above the center of the surface 
of the liquid. After the liquid has evapo- 
rated, which should require from 5 to 10 
min., leave the beakers in place for an 
additional 15 min. the air supply being 
maintained. During this 15-min. period, 
heat the tare beaker to about 302 F. (150 C.). 
Allow both test and tare beakers to cool 
simultaneously for the same period of time, 
but not less than 1 hr., in a desiccator under 
the same conditions as prescribed in Para- 
graph (f). Weigh the two test beakers as 
before the test (Note 11) and determine the 
combined increase in weight of the beakers. 
(h) If the gasoline contains tetraethyl 
lead and the increase in weight found under 
Paragraph (g) exceeds 5.0 mg. per 100 ml., 
treat the residue of each beaker as follows: 
Add 10 ml. of H2SO, (approximately 95 
per cent) to the residue and evaporate the 
solution to strong fumes of H2SO4. Oxidize 
any organic material by cautiously adding 
HNO; drop by drop until a water-white 
solution is obtained. Wash the solutions 
from both test beakers into a single 400-ml. 
beaker and add 0.2 to 0.3 g. of (NH4)2SO,4 
to remove completely any HNO; that may 
be present. Fume the combined solutions 
until only 6 to 8 ml. of solution remain. 
Cool, dilute to 70 ml., and boil gently for 
5 min. on a hot plate. Allow the contents 
of the beaker to cool to room temperature, 
add 70 ml. of alcohol, and allow the solution 
to stand for at least 4 hr. Filter the solu- 
tion through a clean, dried Gooch crucible, 
wash the precipitate, first with cold HeSO, 
(2 per cent) and then with alcohol, dry at 
110 to 120 C., and weigh as PbSOQy. Mul- 
tiply this weight by 0.85 and subtract the 
result from the increase in weight of the 
two beakers as determined in Paragraph 
(g) to obtain the weight of residue corrected 
for tetraethyl lead. 
Report 


4. (a2) Report the value determined in 
Section 3 (g) as the amount of potential 
gum per 100 ml. of sample. 

(6) For samples tested in accordance 
with Section 3 (4), report the value deter- 
mined in Section 3 (4) as the potential gum 
per 100 ml. of sample, corrected for tetra- 
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OF HEAVY-DUTY 


1. (a) This method of test is intended 
for use in determining the oxidation and 
bearing-corrosion characteristics (Note 
1) of engine crankcase oils designed for 
use under heavy-duty service conditions. 
(b) In this method of test a crankcase 
lubricant is evaluated only in respect to 
stability or resistance to oxidation, 
bearing corrosion, and the deposition of 
2 intrinsic contaminants resulting from 
decomposition, oxidation, or other 
_ changes that occur in the lubricant in 
service (‘Note 2). 
_ (c) Other characteristics of a lubricant 
ag intended for heavy-duty service, such 
. as freedom from the tendency to cause 
 ring-sticking, valve-sticking, or com- 
bustion-chamber deposits, are not evalu- 
ated by this test method. The ability 
of the crankcase lubricant to hold in 
suspension extrinsic contaminants is not 
determined in this engine oxidation test. 
The so-called ‘“‘detergent” characteris- 
tics of a lubricant, which must be con- 
sidered in connection with lubricants in- 
tended for use in compression-ignition 
engines, are not evaluated by this 
method of test.* 


'! This proposed method is under the jurisdiction of the 

A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. 

2 Published as information, June, 1942. 

+ The Caterpillar series of tests is recommended for 
determining ‘“‘detergent’’ characteristics under engine 
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APPENDIX IV 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed tothe American sate 
Society for Testing Materials, Broad St., Philadelphia, Pa. 


_ PROPOSED METHOD OF TEST FOR OXIDATION CH ARACTERISTICS 


CRANKCASE OILS! ? ' 


Note 1.—In evaluating crankcase oils for 
heavy-duty service, several factors, in addition 
to the conventional inspection data, must be 
considered; namely, stability or resistance to 
oxidation, resistance to bearing corrosion, and 
prevention of engine deposits. 

Norte 2.—The depreciation of an oil in serv- 
ice results from contamination from two major 
sources: 

(1) Sources external to the lubricating sys- 
tem. These extrinsic contaminants, including 
products of combustion from the combustion 
zone, depend upon the-design, mechanical con- 
dition, and specific conditions under which the 
engine is operated. Extrinsic contaminants 
may vary in their effect upon the lubricating oil 
and its final condition. 

(2) Sources inherent in the lubricating sys- 
tem and in the crankcase oil. These intrinsic 
contaminants result from changes in the oil and 
therefore depend upon the type and quality of 
the crankcase oil as well as upon the operating 
conditions. 

APPARATUS 


Apparatus 


2. The engine described in Appendix I 
shall be used without modification for 
determining oxidation and bearing-cor- 
rosion characteristics of heavy-duty 
crankcase oils. 


Reference Oils 


3. Reference oils* shall be employed 
for standardizing engine operation and 
for bracketing the crankcase oil under 
test. 


4 The use of a group of oils, on which performance in 
service has been established, as reference oils for bracketi 
unknown oils is discussed in detail in papers by H. C. 
Mougey and J. A. Moller, ““The Testing of Heavy-Duty 
Motor Oils,”’ Proceedings, Am. Petroleum Inst., Vol. 22, 
Part ILI, pp. 100 to 121 (1941); also, Journal, Soc. Auto- 
motive Engrs., vol. 50, No. 10, October, 1942, 
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Standard Operating Conditions 


4, The engine shall be operated under 
the following standard conditions: 

(a) Engine Speed.—3150 + 25 rpm. 

(b) Load.—30 + 1 hp. (uncorrected). 

(c) Total Operating Time—36 hr. 
(Note 1) (see Section 12(e)). 


Note 1.—The test may be terminated in less 
than 36 hr. if excessive oxidation develops. 


(d) Spark Advance.—52 + 5 deg. 

(e) Coolant Outlet Temperature.—200 
+ 2F. 

Coolant Inlet Temperature, min.—190F. 

(f) Oil Temperature: 


S.A.E. 30 grade........... 280 +: 2 F’ 
10W or S.A.E. 10 grade... .265 + 2 F- 


(g) Air-Fuel Ratio—14.5 + 0.5 to 1. 

(h) Cam Angle—39 deg. If cam 
angle cannot be measured, set 
breaker-point gap to 0.018 in. 

(i) Spark- Plug Gap.—0.040 in. 

(j) Valve Clearances, Hot (Note 2): 
ads 0.020 in. 


Note 2.—The valve clearance shall be 
checked at the start and again at 16 hr. and at 
the end of the 36-hr. test period. 


(k) Exhaust Back Pressure. —1.0 + 
0.5 in. of mercury. ee oe 


PROCEDURE 


Run-In of New Engine 


5. A new engine should be run-in in 
accordance with the run-in schedule 
described in Appendix II. 


Cleaning 


6. Engine parts should be thoroughly 
cleaned prior to each test in accordance 
with the cleaning schedule described in 
Appendix ITI. 


Reconditioning 


7. (a) The engine shall be thoroughly 
reconditioned after each run. All parts 
shall be inspected, and defective or worn 


parts shall be replaced. 
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(b) The engine shall be maintained so 
that the oil consumption shall be within 
the following limits: 


S.A.E. 30 grade........ 0.07 to 0.12 qt. per hr. 
10W or S.A.E. 10 grade. 0.08 to 0.15 qt. per hr. 


Piston Rings 


8. New piston rings shall be installed 
prior to each test run. 


Bearings 


9. (a) Main bearings and babbitt con- 
necting-rod bearings shall be adjusted to 
the clearance prescribed in Appendix I. 

(b) Copper-lead test bearings should 
be installed initially in connecting rods 
Nos. 3 and 4 and shall be fitted within 
the clearance prescribed in Appendix I. 
After each test run the copper-lead 
bearings should be shifted to connecting 
rods Nos. 1 and 6, or Nos. 2 and 5 and 
the cycle continued, to minimize wear 
and early replacement of the crankshaft. 

(c) The copper-lead bearing halves 
shall be weighed individually on an 
analytical balance to the nearest 0.01 g. 
before being installed in the engine. 


Fuel 


10. (a) The fuel used in the engine 
shall conform to the following require- 
ments: 


A.S.T.M. 
Test an Requirement Designation® 
Octane number, min............ 72 D 357 
Sulfur, max., per cent 0.04 D 9 


Lead, ml. of tetraethyl lead ‘per 


@ These designations refer to the following methods 
of the American Society for Testing Materials: 

Tentative Method of Test for Knock Characteristics 
of Motor Fuels (A.S.T.M. Designation: D 357),5 

Tentative Method of Test for Sulfur in Petroleum Oils 
by Lamp Method (A.S.T.M. Designation: D 90), and 

Standard Method of Test for Tetraethyl Lead in 
Gasoline (A.S.T.M. Designation: D 526).? 


(b) Fuel from the same source of sup- 
ply shall be used in any series of tests 


5 1942 Book of A.S.T.M. Standards, Part III, p. 935. 
Ibid., p. 977. 
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in which a crankcase oil is being com- 
pared or bracketed with a group of 
reference oils. 


Run-In Schedule for Reconditioned 
Engine 


11. (a) After reassembling, the engine 
shall be run-in, prior to each test run, 
in accordance with the following sched- 
ule: 

(1) Fill crankcase with a highly re- 

fined, uninhibited and uncom- 
pounded, mineral oil having a high 
viscosity index (S.A.E. 20 grade). 

(2) Run 1 hr. at approximately 1000 
rpm. with approximately 5 hp. 
output. 

(3) Run 1 hr. at approximately 1500 
rpm. with approximately 10 hp. 
output. 

(4) Run 2 hr., gradually increasing 
speed and load to approximately 
2200 rpm. and 25 hp. output. 

(5) Drain crankcase and refill with 
the crankcase lubricant under 
test. 

(6) Run 20 min. at 2000 rpm. with 
15 to 20 hp. output. 

(7) Run 40 min. at 2000 rpm. with 
25 hp. output. 

(8) Run 3 hr. at 3000 rpm. with 
30 hp. output. 

(9) Drain crankcase. 

(b) During the run-in period the 
coolant and crankcase-oil sump tem- 
peratures shall be maintained within the 
following limits: 

Coolant outlet temperature......... 170 + 5F. 
Oil temperature,max.............-. 


Operation of Engine during Test 


12. (a2) The crankcase shall be filled 
with 4 qt. of the crankcase lubricant to 
be tested (Note). 


Nore —The original 4-qt. of oil used and the 
1-pt. additions specified during the test period 
may be made on a weight basis. 


(b) The standard operating conditions 
prescribed in Section 4 shall be observed. 

(c) The engine shall be operated con- 
tinuously for not less than 8 nor more 
than 16 hr. in any one test period. The 
engine shall be stopped and remain 
idle for not less than 8 hr. between test 
periods. A test period of less than 8 hr. 
may be employed at the start and at 
the end of the 36-hr. test period. 

(d) At the start of each test period 
the engine shall be run for 10 min. at 
2000 rpm. with 15 to 25 hp. output, or 
until the crankcase-oil sump temperature 
reaches 150 F. The speed shall then be 
increased to 3150 rpm. 

(e) The test period shall be deter- 
mined from the time the crankcase-oil 
sump temperature reaches 280F. for 
the S.A.E. 30 grade and 265 F. for the 
10W or S.A.E. 10 grade, and shall be 
timed only for the periods during which 
the engine is operated at the prescribed 
crankcase-oil sump temperatures. 

(f) The crankcase oil shall not be 
drained during the 36-hr. test period. 

(g) One pint of fresh oil shall be 
added to the crankcase every 4 hr. during 
the 36-hr. test period. The addition of 
1 pt. of oil at the 8-hr., 16-hr., and 24- 
hr. intervals shall be made as required 
in Paragraph (h). 

(hk) At the 8-hr., 16-hr.,.and 24-hr. 
intervals, two 4-pt. samples shall be 
withdrawn from the oil-sampling cock. 
The first }-pt. sample withdrawn shall 
be returned to the crankcase. The 
second }-pt. sample shall be retained as 
the sample for analysis. After with- 
drawing these samples, the engine shall 
be shut down and allowed to stand 1 
min., at which time the level of oil in the 
crankcase shall be measured by the dip- 
stick. If the oil level is less than 34 qt., 
fresh oil shall be added to bring the level 
to 3} qt. If the oil level is more than 
3} qt., the engine shall be started and 
the excess amount of oil above 3} qt. 
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withdrawn through the sampling cock 
and the engine then stopped. After — 
adjusting the oil level to 33 qt., 1 pt. of _—Crankcase oil pan. 


fresh oil shall be added as required in 
Paragraph (g) and the test continued. 


(i) The 36-hr. sample shall be with. 


drawn, at the conclusion of the test,in the — 
same manner as the 8-hr., 16-hr., and 
24-hr. samples. 

(j) The following data shall be re- 
corded at hourly intervals during the 
36-hr. test period: 

(1) Engine speed in revolutions per 

minute, 

(2) Beam load in pounds (report as 
horsepower), 

(3) Crankcase-oil sump temperature 
in degrees Fahrenheit, 

(4) Oil pressure in pounds per square 
inch, 

(5) Coolant temperatures, at outlet 
and at inlet, in degrees Fahren- 
heit, 

(6) Exhaust back pressure in inches 
of mercury, and 

(7) Intake manifold depression in 
inches of mercury. 

Air-Fuel Ratio 

13. (a) The air-fuel ratio shall be 
determined at the start and again at 
the end of the 36-hr. test period in 
accordance with the procedure described 
in Appendix IV. 

(6) The specific fuel consumption or 
the time required for the consumption of 
300 ml. of fuel shall be recorded at the 
time samples of exhaust gas are with- 
drawn for the determination of the air- 


fuel ratio. 


Inspection of Engine Parts 
14. (a) At the conclusion - the test, 
the engine shall be torn down and in- 
spected. The following parts shall be 
rated with respect to varnish and sludge 
Piston skirts, 
Cylinder walls, 
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Rocker-arm cover, 
Push-rod cover plate, and 

Sludge deposits: 


Rocker-arm assembly, - 
Push-rod cover plate, 
Oil screen, and 
Crankcase oil pan. 

(b) The engine parts enumerated in 
Paragraph (a) shall be rated on a scale 
from 10 to 0. A rating of 10 shall be 
assigned to parts free of deposits. A 
rating of 0 shall be assigned to parts 
on which the deposits have reached a 
maximum or have actually caused engine 
failure. 

(c) Photographs (Note 1) shall be 
made of the following engine parts 

Two pistons (Note 2), 

Rocker-arm assembly, 

Rocker-arm cover, 

Push-rod cover plate, and 

Oil screen. 

Nore 1.—Kodachrome positives of typical 
pistons may be employed for recording charac- 
ter and extent of piston deposits. Photo- 
micrographs may be employed for recording 
extent of copper-lead bearing corrosion.® 

Nore 2.—If it is necessary to use phosphate- 
coated pistons, photographs will not show the 
extent of varnish formation on the piston skirts. 
In this case it will be necessary to wash the 
piston thoroughly with gasoline in order to 
remove excess oil, and to remove varnish from 
piston skirts by dissolving it in acetone. The 
varnish deposit should be reported in miliigrams 
of the acetone-soluble material per piston. 


(d) The copper-lead bearing halves 
shall be weighed to the nearest 0.01 g. to 
determine loss due to action of corrosive 
oxidation products. If visual inspec- 
tion of the bearing halves shows evi- 
dence of mechanical failure, the loss in 
weight shall not be included in the re- 


port of bearing loss. Pati 


Inspection of Oil Samples 


15. (a) The following samples shall 


*H. L. Grange, “‘Metallographic Preparation of Cop- 
r-Lead Bearings,’’ Metal Progress, Vol. 30, No. 5, Novem- 
=e 1940, p. 674. 
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be examined to determine the rate of 
oxidation during the 36-hr. test period: 
New oil, 
16-hr. sample (Section 12 (#)), and 
36-hr. sample (Section 12 (#)). 
(b) If the test is stopped prior to the 
completion of the 36-hr. test period, 
the 8-hr. sample (Section 12 (/)) shall be 
examined. 

(c) The samples prescribed in Para- 
graphs (a) and (0) shall be examined by 
the following methods of test: 


Test A.S.T.M. Designation® 


Neutralization number............ D 
Naphtha-insoluble matter (method 

Chloroform-soluble matter (method 

A) or asphaltenes (method B)..... b 
Conradson carbon residue.......... 
Ramsbottom carbon residue (addi- 

tional optional test)............. 


Viscosity, Saybolt Universal, at100F. D 88% 


@ These designations refer to the following methods of 
the American iety for Testing Materials: 

Tentative Method of Test for Neutralization Number 
of Petroleum Products by Color-Indicator Titration 
(A.S.T.M. Designation: D 663),* 

Standard Method of Test for Carbon Residue of 
Petroleum Products (Conradson Carbon Residue) (A.S. 
T.M. Designation: D 189),!° 

Standard Method of Test for Carbon Residue of 


(A.S.T.M. Designation: D 524),!° 
Tentative Method of Test for Ash Content of Petro- 
leum Oils (A.5.T.M. Designation: D 482)," and 
Standard Method of Test for t Viscosity by Means of 
the psaybolt Viscosimeter (A.S.T.M - Designation: D 

> See Appendix V. Ak 


Petroleum Products (Ramsbottom Carbon Residue) | 


16. (a) The report shall include the 
following: 


‘(1) Brand name or experimental desig- 
nation of crankcase lubricant 
tested, 

(2) Log sheet incorporating data re- 
quired in Section 12 (j)), 

(3) Oil consumption in quarts per 
hour, 

(4) Air-fuel ratio, including deter- 
minations of carbon dioxidé, oxy- 
gen, and carbon monoxide, 

(5) Specific fuel consumption or time 
required for consumption of 300 
ml. of fuel, 

(6) Evaluation of engine parts enu- 
merated in Section 14 (a), 

(7) Photographs of engine parts enu- 
merated in Section 14 (c), 

(8) Copper-lead bearing weight loss 
reported as loss for each individual 
bearing half, 

(9) Results of examination of the 
oil samples designated in Section 
15 (a) and (6) by the methods of 
test specified in Section 15 (c). 

(b) A suggested log sheet and report 
form are shown in Appendices VIand VII. 


4 ts! 


Al. The apparatus described i in this appendix 
shall be used without modification for deter- 
mining the oxidation and _bearing-corrosion 


% 1942 Book of A.S.T.M. Standards, Part III, p. 954. 

10 Ibid., pp. 102, 106. 

1 Thid., p. 898. 

12 [bid., p. 248. 

wAt present (June, 1942), the sole authorized manu- 
facturer of the oxidation test engine is the Chevrolet 
Motor Division, General Motors rporation. Engines, 
complete with fuel and electrical systems, but without 
clutch, transmission and battery, may be secured by 
laboratories equipped for research on lubricants from the 
Engineering Department, Chevrolet Motor Division, on 
Mougey, chairman of Technical 


approval of order by H. C. 
10-112, General Motors 


ommittee B, of Committee D-2, 
dg. Detroit, Mich. 


APPENDIX I 


characteristics of crankcase oils when operating 
under heavy-duty service conditions. The 
apparatus shall consist of a spark-ignition inter- 
nal-combustion engine’* together with suitable 
loading and accessory equipment. 


APPARATUS 


Dimensional S pecifications: 


A2. Engine.—A spark-ignition internal-com- 
bustion engine, with dimensions as follows: 


Number of cylinders. ....... 6 in line 
Compression ratio......,... 6.5 to 1 
32 (nominal) 
Displacement, cu. in.. 216.5 
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Valve-port diameter, 


throat, in.: 
Connecting-rod bearings: 
ugally cast) 
13 
selective fit 
Piston-pin bushings: 
cast bronze 
diameter, inside.......... slip fit on pin 
Front main bearing: 
removable steel- 
backed babbitt 
2.6865 to 2.6875 
No. 2 main bearing 
backed babbitt 
No. 3 main bearing: 
backed babbitt 
Rear main bearing: 
backed babbitt 
2.7795 to 2.7805 
Connecting rod, center to 
Pistons: 
cast alloy iron 
surface treatment......... tin plating or 
phosphate coat- 
ing 
skirt clearance............ selective fit 
Piston rings: 
Compression: 
cast alloy iron 
plain 
number per piston...... 2 
0.1235 to 0.1240 
wall thickness, max., in. . 0.155 
gap clearance, in........ 0.005 to 0.015 
groove clearance, in..... 0.0015 to 0.003 
Oil control: 
number per piston...... 
0.1860 0.1865 
wall thickness, max., 0.155 
gap clearance, in........ 0.005 to 0.015 
groove clearance, in..... 0.002 to 0.0035 
Spark plugs: 
AC 104 or 
Champion Y-5 
size, mm........ 10 


Fan Blades and Ventilating System: 


A3. (a) The fan blades, bolted directly to the 
water pump, shall be removed. 


(b) The crankcase shall be permitted to 
breathe “normally”. No connection shall be 
made to the engine-crankcase ventilating sys- 
tem that will decrease or increase normal crank- 
case breathing. 


Cooling System: 


A4. The cooling system may be equipped 
with automatic temperature-control apparatus 
and mixing valves for holding the coolant tem- 
perature within the specified temperature range. 
In localities where the water supply contains 
solids, in suspension or solution, that have a 
tendency to precipitate in the engine water pas- 
sages and change the heat flow to the coolant, 
a closed system employing a submerged car or 
truck radiator may be used as a heat exchanger. 
Care must be exercised, when hard or aerated 
water is used for cooling, to check pump im- 


Exhaust System: 


AS. An exhaust pipe shall be attached to the 
engine exhaust manifold. The use of a short 
straight-through muffler with passage equal in 
diameter to that of the exhaust pipe is permis- 
sible. The use of a multiple exhaust system is 
permissible, provided a back pressure of 1.0 
+ 0.5 in. of mercury is maintained on each 
individual exhaust manifold. 

Power-Absorbing Unit: 


A6. The engine shall be connected to an 
electric generator or a power-absorbing unit cap- 
able of maintaining the prescribed engine speed 
(Section 4 (a)). If a calibrated propeller is» 
used for absorbing the power output, it shall be 
mounted on a separate shaft and in such a man- 
ner that it will not interfere with the normal 
cooling of the engine nor with the normal 
functioning of the crankcase ventilating system. 


Instruments and Accessories: 


A7. (a) In addition to the conventional in- 
strumentation required for dynamometer test 
work, a pipette for determining fuel consump- 
tion and suitable manometers for measuring 
intake-manifold vacuum and _ exhaust-mani- 
fold pressure shall be provided. 

(b) The connection for the manometer for 
determining exhaust back pressure shall be a 
standard }-in. pipe inserted in the exhaust 
manifold. The pipe shall be flush with the 
inner wall of the manifold and shall be so located 
that the center line of the }-in. pipe is 2-in. 
from the gasket face of the manifold flange 
connecting to the exhaust pipe. 
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(c) The manometer for determining intake 
manifold vacuum shall be connected to the 
windshield-wiper fitting provided on the intake 
manifold. 

(d) An oil-sampling valve shall be attached 
to the oil gallery. 

(e) Thermocouples shall be provided for de- 
termining coolant temperature “in” and “out” 
of the engine cooling system. 

(f) A thermocouple for determining crank- 
case-oil sump temperature shall be located in 
_ the crankcase at the exact depth and position of 
the lower end of the dip-stick. 

(g) In order to maintain the crankcase-oil 
_ Sump temperature within the specified limits, it 

_ isnecessary either to heat or to cool the crankcase 
a during the major part of the run-in and 36-hr. 
a Strip heaters attached to the 
pan, and immersion heaters and 
_ water-cooling coils installed in the oil pan, 
- shall not be employed for this purpose. Radiant 


‘mounted below the oil pan may be used for 
heating the crankcase oil. A blower discharging 
through this same metal jacket may be used for 

- cooling the crankcase oil. The metal jacket, 
radiant heaters, and blower discharge should be 


_. through the lower part of the oil pan rather than 

_ through the side walls of the oil pan or through 
the walls of the crankcase. A metal pan may 
be welded to the lower part of the oil pan to 
provide a jacket for steam-heating or water- 


Inspection and Maintenance of Apparatus: 


A8. It is recommended that a systematic 

*inspection of the testing apparatus be carried 
out with the utmost care after each 36-hr. test 
period. This inspection shall include the fol- 
lowing: 
(a) Fuel System.—Any foreign matter in the 
fuel containers, float bowls, lines, and carburetor 
should be removed. Blowing with air and then 
flushing the fuel system with gasoline and benzol 
is a convenient method. 

(b) Breaker Points.—If£ necessary, pits should 
be removed and breaker-point clearance ad- 
_ justed, or new points installed. 

(c) Spark Advance.—The spark advance 


If the automatic (centrifugal) and vacuum ad- 

within the prescribed limits, a manual spark 

advance may be installed. 

ee. (d) Spark Plugs.—The porcelain should be 

at carefully inspected for cracks, and defective 
ie _ plugs replaced. The spark gap should be care- 
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fully checked, and adjusted if necessary. When 
plugs are re-used, any carbon deposit on the 
metal body of the plug and on the electrodes 
should be removed mechanically before making 
gap adjustments. 

(e) Combustion Chamber—Carbon deposits 
should be removed by scraping. 

(f) Pistons and Rings——Carbon should be 
removed from the ring grooves and from both 
sides of the crown. 

New pistons should be fitted in accordance 
with the procedure described on pages 6-3 and 
6-4 of the 1942 Chevrolet Shop Manual." 

New piston rings should be fitted in ac- 
cordance with the procedure described on pages 
6-5 and 6-6 of the 1942 Chevrolet Shop Manual.!* 

In inserting the piston into the cylinder the 
rings should be compressed with a “piston in- 
serter” until they enter the cylinder freely. 
The chamfer on the bottom of the inserter 
should fit the chamfer at the top of the cylinder. 
Extreme care should be exercised to prevent 
forcing the rings into the cylinder bore. 

(g) Cylinder Wear—The cylinder block 
should be replaced or rebored when it shows 
wear or out-of-roundness in excess of 0.003 in., 
becomes scored or scuffed, or loses compression. 

(4) Compression Pressure—A change of 15 
per cent in compression pressure shall be con- 
sidered abnormal and should be corrected. 

(4) Valves.—Valves shall be removed and 
lapped or reground after each test period. 

(j) Cooling System—The cooling system 
should be inspected frequently and kept clean 
and free of leaks. 

(k) Torque Wrench Settings.—Uniform torque 
wrench settings should be employed as follows: 


rque, 
Spark 15 
Connecting-rod bearings......... 45 to 50 
75 
Rocker-arm shaft support........ 25 to 30 


Bearings: 

A9. (a) The main bearings shall be adjusted 
in accordance with the procedure described on 
pages 6-9 and 6-10 of the 1942 Chevrolet 
Shop Manual." 

(6) The babbitt connecting-rod bearings 
shall be adjusted in accordance with the pro- 
cedure described on page 6-18 of the 1942 
Chevrolet Shop Manual." 

(c) The special copper-lead connecting-rod 


™ Copies of the 1942 Chevrolet Shop Manual may be 
obtained from the Chevrolet Motor Division, General 
Motors Corp., Detroit, Mich., at 25 cents each. 
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bearings” shall be installed in rods Nos. 3 and 4, 
as follows: 

(1) The special connecting rods and copper- 
lead test bearings are machined to give a clear- 
ance of from 0.0025 to 0.0035 in. No means for 
adjustment is provided. When shifting con- 
necting rods as outlined in Section 9(b), the 
connecting rods only shall be moved to the new 
positions; the pistons shall remain in their 
original positions. 

(2) The following method is suggested for 
determining the clearance of the copper-lead 
bearings: 

Install the piston in the cylinder and properly 
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Table I is recommended for breaking-in a new 
engine. 

Note.—This recommended schedule is re- 
quired for a new engine only. The run-in 
schedule for breaking-in new rings is described 
in Section 11. 

(b) The coolant temperature shall be held at 
170+ 5F. The crankcase-oil sump temperature 
should not exceed 225 F. 

(c) The recommended speeds and loads are 
shown in Table I. 


TABLE I.-RUN-IN SCHEDULE FOR NEW ENGINE. 
Total Run-In Time: 38 hr., 30 min. 


align the rod and rod bearing in contact with the Beam Leed, 1b 
journal. Place a strip of pure lead approxi- 
mately in. in width by 0,005 to 0.006 in. in Time Spin’ | K-3000 | K-a000 |K-s000 
thickness, previously coated with a thin film of y rpm. (75 (1.3 (1.08 power 
light oil, on the cap bearing in contact withand 
parallel to the axis of the journal. Installcap — 
and connecting rod dipper and tighten nuts with 
a torque wrench (45 to 50 ft-lb.). 4 hr. 1800 28.5 38.0 47.5 17-1 

Oscillate crankshaft through approximately 5 Br. . 
30 deg. to flow the lead. cap and br full full ful 
lead strip. If the clearance, as indicated by the c. u u u 
specified in Item 1 above, reassemble and tighten Set controls at 3200 
nuts, using the same torque as before. 

With less than the minimum clearance speci- not change during 
fied, the lead strip may leave an impression of sched: | 
the bearing surface. If this occurs, the thick- 
ness of the lead strip is not an accurate indica- 4 hr. 3400 Dentiaaee 10 times from 3400 
tion of bearing clearance 

The out-of-round condition of the journal 34 br 3600 | Accelerate 10 times from 3400 
may be determined by inserting lead strips at 
the points of minimum and maximum clearance. . 
The crankshaft should be replaced when the Loa 
connecting-rod journals develop an out-of- 
round condition of more than 0.002 in. ae APPENDIX III 

CLEANING ENGINE Parts 


SCHEDULE 


Run-in Schedule: 


A10. (a2) The run-in schedule shown in 


% At present (June, 1942), the sole authorized manu- 
facturer of the special co yma ‘lead connecting rod bearing 
shells is The Cleveland Graphite Bronze Co., Cleveland, 
Ohio. The thin back i shells are identified as 
B/P 21500 and B/P 2150 

At present (June, 1942), the sole authorized manu- 
facturer of the special connecting rods machined to ac- 
commodate the copper-lead test bearings is the Research 
Laboratories Division, General Motors Corp., Detroit, 
Mich 


Cleaning Materials: 

All. The following cleaning materials will 
be required: 

(a) Electro-Cleaning Compound.—The elec- 
tro-cleaning compound shall have the following 
composition: 


Sodium carbonate, per cent................ 35 
Trisodium phosphate, per cent............. 55 
Sodium hydroxide, per cent............... 10 


(6) Cleaning Solution—The cleaning solu- 
tion shall have the following composition: 


Denatured alcohol, ml..................- 
Cresol compound (U.S.P.), ml........... 


33 
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The cresol compound should be added to the 
mixture of the other solvents. 


General Cleaning Procedure: 


. A12. (a) At the conclusion of the new-en- 

gine run-in schedule described in Appendix IT, 

and at the conclusion of each test, after the parts 

apecified in Section 14 have been examined, 

rated, and photographed, all engine parts shall 

_ be thoroughly cleaned. 

al (b) The rocker-arm assembly, rocker-arm 

cover, push rods, push-rod cover plate, complete 

piston assembly, cam followers, oil-pump 

strainer, and oil pan may be cleaned in a tri- 

chlorethylene degreaser or in a suitable metal 
cleaning bath. 

(c) Following the cleaning operation de- 
scribed in Paragraph (6), the complete piston 
assembly and cam followers shall be given a 
further cleaning treatment in an electro-cleaning 
bath to completely remove varnish deposits. 
The electro-cleaning bath shall contain 0.5 oz. 
per gallon of water of the cleaning compound 
described in Section All (a). The bath shall be 
operated at 200 to 215 F. The parts to be 
cleaned shall be suspended in the bath as the 
cathode for 15 to 30 min. at a potential of 
approximately 6 v. On removal from the bath 
the parts should be rinsed in cold clean water. 

(d) Following the cleaning operation de- 
scribed in Paragraph (c), the piston rings shall 
be removed and the piston-ring grooves shall be 
- scraped free from deposits. The piston pin 

shall be removed from the piston and connect- 
ing rod and further cleaned with the cleaning 
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solution described in Section A11 (6). Crocus 
cloth may be used, if necessary, to remove var- 
nish deposits. 

(e) The cylinder walls, crankshaft, interior of 
crankcase, and the timing-gear housing shall 
be washed with Stoddard solvent. The cylinder 
walls and crankshaft connecting-rod journals 
shall be further cleaned by applying the clean- 
ing solution described in Section All (6) with 
a stiff bristle brush. The crankshaft connecting- 
rod journals may be polished wit crocus cloth, 
if necessary, to remove varnish deposits. 

(f) Immediately following the cleaning opera- 
tions, all parts shall be sprayed with or dipped in 
the oil described in Section 11 (a), Item (J). 

(g) The crankshaft and camshaft can be 
cleaned satisfactorily without removal from the 
engine unless the engine is in an unusually dirty 
condition. 


Procedure for Cleaning Copper-Lead Bearings: 


A13. (a) New copper-lead bearings should 
be inspected before weighing as specified in 
Section 9 (c). New bearings are free from oil 
and generally do not require extensive cleaning. 
If cleaning is required, bearings may be washed 
with acetone or chloroform and dried before 
weighing. 

(b) At the completion of the test, prior to the 
final weighing specified in Section 14 (d), bearings 
shall be thoroughly cleaned with acetone or 
chloroform. Varnish on the bearing surfaces, 
and oil absorbed by the bearings, shall be 
thoroughly removed and the bearings dried 
before weighing. 


Air-Fuel Ratio: © 


A14. The air-fuel ratio shall be calculated 
from the exhaust-gas analysis. 


Sampling and Apparatus: 


A15. (a) When a number of engines are con- 
nected to a common exhaust system, the sample 
for analysis shall be withdrawn from the ex- 
haust manifold through the fitting provided for 
attachment to the manometer for determining 
exhaust-manifold pressure. When the engine 
is provided with an individual exhaust system, 
the sample for analysis may be withdrawn 
through a }-in. copper tube extending 3 or 4 ft. 


into the tail pipe. 
| 
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AtR-FUEL RATIO 


(b) The exhaust gas shall be analyzed by 
means of an Orsat-type gas-analysis apparatus. 

(c) A lead of 3 or 4 ft. of 4-in. copper tubing 
shall be provided, between the exhaust manifold 
fitting or sampling tube and the gas-analysis 
apparatus, for cooling the exhaust-gas sample. 
Before collecting the sample for analysis, the 
connecting tube and burette shall be flushed 
free from air or other gas. 

(d) The burette shall be water-jacketed and 
shall be filled with a 20 per cent solution of 
sodium sulfate in water containing 5 per cent by 
volume of sulfuric acid. (A small amount, 0.1 
per cent, of a detergent (Dreft) may be added 
to the salt solution to assist in a the 
burette free of grease.) | 
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TEST FOR OXIDATION 


Procedure: 


A16. (a) Carbon dioxide, oxygen, and carbon 
monoxide shall be determined in the order named. 
The following absorbents are recommended: 

Carbon Dioxide Absorbent.—Sodium hydrox- 
ide solution (25 per cent). 

Oxygen Absorbent."—A slightly acid solution of 
chromous chloride. 

Carbon Monoxide Absorbent."—A solution of 
cuprous sulfate and beta-naphthol. 


TABLE II.—VALUES OF AIR-FUEL RATIO BASED ON Caen} - =e AND CARBON MONOXIDE 
CONTENT OF EXHAUST G 


Ci 
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(6) The air-fuel ratio, within the allowable 
range of 14.5 + 0.5 to 1, calculated from the 
carbon dioxide and carbon monoxide content of 
the exhaust gas for a hydrocarbon fuel of the 
formula C,H2, is given in Table IT. 

(c) If the exhaust gas contains carbon mon- 
oxide and more than approximately 0.5 per 
cent oxygen, the sample may have been diluted 
with air, or the engine may be missing or other- 
wise operating in an irregular manner. 


Carbon Dioxide, per cent 
CarbonMonoxide, 
per cent 
13.5 | 13.6 | 13.7 | 13.8 | 13.9 | 14.0 | 14.1 | 14.2 | 14.3 | 14.4 | 14.5 | 14.6 | 14.7 | 14.8 | 14.9 

0.2 | | 45.08} 14.95] 14.85] 14.75] 14.65 
0.3 one ved 15.0 | 14.95] 14.85} 14.75) 14.65} 14.55 
0.4 15.0 | 14.9 | 14.85] 14.75] 14.65] 14.55 
0.5 15.0 | 14.9 | 14.8 | 14.75) 14.65} 14.55} 14.45 

0.6 aka 14.95} 14.9 | 14.8 | 14.7 | 14.65) 14.55] 14.45) 14.35 

0.7 14.85] 14.8 | 14.7 | 14.6 | 14.55) 14.45) 14.35 

0.8 Fat 14.85] 14.75] 14.7 | 14.6 | 14.5 | 14.45} 14.35) 14.25 

0.9 ows bee 14.75] 14.65) 14.6 | 14.5 | 14.4 | 14.35] 14.25 

1.0 | bad 14.75) 14.65] 14.55] 14.5 | 14.4 | 14.3 | 14.25) 14.15 

1.1 14.75] 14.65) 14.55] 14.45] 14.4 | 14.3 | 14.2 | 14.15] ... 

1.2 — 14.65] 14.55) 14.45] 14.35) 14.3 | 14.2 | 14.1 

1.3 14.6 | 14.55] 14.45] 14.35] 14.25] 14.2 | 14.1 | 14.0 

1.4 eas ohne 14.5 | 14.45} 14.35) 14.25] 14.15) 14.1 | 14.0 . 

14.4 | 14.35) 14.25) 14.15) 14.05} 14.0 

1.6 14.4 | 14.3 | 14.25) 14.15) 14.05 

1.7 rea 14.3 | 14.2 | 14.15} 14.05) ... sd 

1.8 ine 14.2 | 14.1 | 14.05 Se ‘ 

1.9 14.2 | 14.1 | 14.0 ; 

2.0 14.1 | 14.0 eae 

2.1 


INSOLUBLE MATTER IN USED CRANKCASE OILS 

Method A (a) Flask.—A 300-ml. Erlenmeyer flask. 
Scope: (b) Gooch Crucible—A Gooch crucible having 


A17. This method is intended for the gravi- 
metric determination of the naphtha-insoluble 
matter and the naphtha-insoluble matter soluble 
in chloroform, in used crankcase oils. 


Apparatus: 
A18. The apparatus shall consist of the fol- 
lowing: 


Methods of the chemists of the U. S. Steel Corp., J. 
M. Camp, Third Edition, pp. 38 to 40 (1927). 


18 Methods for determining insoluble matter in used 
crankcase oils have not yet been standardized by Com- 
mittee D-2. Subcommittee X on Insoluble Content of Used 
Oils, of Committee D-2, is conducting cooperative work 
on this subject at the present time. The methods in Ap- 


pendix V are suggested for use in connection with the 
cngiee oxidation test until tentative methods are issued 
y the 
” Methods and B should yield substantially the same 
A covers 


results on naphtha-insoluble matter. 


APPENDIX 


| 


a capacity of 25 ml. 

(c) Asbestos Fiber.—Washed and ignited as- 
bestos fiber suitable for use in the Gooch crucible. 

(d) Suction Apparatus.—A suction flask or 
jar with suitable means for maintaining a 
vacuum not to exceed 10 cm. of mercury. 

(e) Oven.—An electric oven capable of main- 
taining a temperature of 149 + 2.8 C. (300+ 
5 F.). 


the determination of the naphtha-insoluble matter soluble 
in chloroform. Method B covers the determination of the 
chloroform-insoluble matter in the original sample. The 
naphtha-insoluble matter soluble in chloroform obtained 
in method B by subtracting the chloroform-insoluble mat- 
ter from the naphtha-insoluble matter is a measure of the 
total asphaltenes present in the used oil. The naphtha- 
insoluble matter soluble in chloroform determined in 
method A is a measure of the asphaltenes that remain 
soluble in chloroform on heating at 149C. (300 F.) 
for 30 min. 
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Balances—An analytical balance sensi- 
tive to 0.1 mg. for weighing the Gooch crucible; 
a laboratory balance sensitive to 0.1 0.1 g. for 
_ weighing the oil sample. 
Desiccator. 

Al9. (a) A.S.T.M. Precipitation Naphtha. 
—The A.S.T.M. precipitation naphtha" shall 
_ conform to the following requirements: 


A.S.T.M. 
Test Requirement Designation*® 
Gravity, deg. A.PI. at 

70 to 73 D 287 

ae Aniline point............... 58 to 60 C. D 611 
Initial boiling point not less than 

122 F. (50 C.) D 8 

(70 to 80 C.) D 86 
End point.................. mot more than 

— 266 F. (130C.) D 86 


‘ @ These designations refer to the feiening methods 
of the American Society for Testing Materials: 

Standard Method of Test for Gravity of Petroleum 
and Petroleum Products by Means of the Hydrometer 
(A.S.T.M. Designation: D 287),?° 

Tentative Method of Test for Aniline Point rok - moe 
Jeum Products (A.S.T.M. Designation: D 611), 

Standard Method of Test for Distillation of AR 
Naphtha, Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86) .2 


(b) Chloroform, U.S. P. 
Procedure: 


A20. (a) Thoroughly agitate the sample 
until homogeneous and until all sediment is in 
suspension. 

- (b) Weigh 10 + 0.1 g. of the prepared sample 
- into a 300-ml. Erlenmeyer flask. Add 100 ml. 
_ of petroleum naphtha. Thoroughly agitate the 
mixture until homogeneous and allow to stand 
for 3 hr. 

(c) Suspend the asbestos fiber in distilled 
. Add the asbestos suspension to the 
_ Gooch crucible, apply suction, and press the 
asbestos into a compact mat. Build the mat 
to approximately 1 in. in thickness. Dry and 
ignite. Cool in a desiccator and weigh to 0.1 
mg. 

(d) Filter the contents of the Erlenmeyer 

flask through the weighed Gooch crucible. 
Transfer all insoluble matter from the flask to 
the crucible by washing with A.S.T.M. precipita- 
tion naphtha. Wash the insoluble matter in the 
crucible with 100 ml. of precipitation naphtha. 


, 19 These requirements for precipitation naphtha are 
identical with those prescribed in Section 4 of the Standard 
_ Method of Test for Precipitation Number of Lubricating 
Oils (A.S.T.M, Designation: D 91) of the American Society 
for Testing Materials, 1942 Book of A.S.T.M. Standards, 
Part ILI, p. 196 
; 1942 Book of A.S.T.M. Standards, Part III, p. 167. 


[bid., p. 896. 
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Dry in the oven at 149 + 2.8 C. (300 + 5.0 
F.) for 30 min. (Note). Cool in a desiccator and 
weigh to 0.1 mg. 

Nore.—tThe solubility in chloroform of the 
residue from the determination of naphtha- 
insoluble matter is affected by the time and 
temperature of drying. For this reason, in 
order to secure check results in the determina- 
tion of naphtha-insoluble matter soluble in 
chloroform, the drying time and temperature, 
especially in the determination, of naphtha- 
insoluble matter, should be carefully controlled. 

(e) Wash the residue from the determina- 
tion of naphtha-insoluble matter (Paragraph 
(d)) with chloroform until the filtrate is colorless 
(100 ml. of chloroform is generally sufficient). 
Allow each addition of chloroform to remain on 
the filter pad for a few minutes before applying 
suction. Dry in the oven at 149 + 2.8C. (300 
+ 5.0 F.) for 30 min. Cool in a desiccator and 
weigh to 0.1 mg. 


Calculations: 


A21. Calculate the percentages of naphtha- 
insoluble matter and of naphtha-insoluble 
matter soluble in chloroform, as follows: 


Naphtha-insoluble matter, per 


cent = 10(B — A) 


Naphtha-insoluble matter soluble 


in chloroform, per cent = 10(B — C) 
where: 
A = weight in grams of coun dried Gooch 


crucible, 

B = weight in grams of Gooch crucible and 
contents after extraction with petroleum 
naphtha, and 

C = weight in grams of Gooch crucible and 
contents after extraction with chloro- 
form. 


Method B 


Scope: 


A22. This procedure is intended for the 
gravimetric determination of the naphtha-in- 
soluble matter and the chloroform-insoluble 
matter in used lubricating oils, but it may also 
be used for the determination of insoluble 
matter in sludges, engine deposits, filter cakes, 
etc. This same procedure may be used for the 
determination of matter insoluble in other 
solvents such as benzol, pentane, and heptane. 


Apparatus: 
A23. The apparatus shall consist of the 
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the 


(a) Filtration Apparatus——A Gooch filter 
and accessory equipment as shown in Fig. 1. 
The Gooch crucible shall have the approximate 
dimensions shown and shall have a porous glass 
filter plate having pore diameters of 10 to 35 
microns. The adapter, 250-ml. Erlenmeyer 
flask, and vacuum jar may be of any suitable 
design, but the style shown in Fig. 1 is preferable 
if the filtrate is to be retained for additional 
examination. A jet aspirator or any suitable 
source of reduced pressure that is capable of 
holding an absolute pressure of 10 cm. of mer- 
cury is required. 


To Source of 
Reduced 
Pressure 


' 
£ 
a) 
2 


Fic. 1.—Filtration Apparatus. 


(6) Filter Aid—Hyflo* grade of diatoma- 
ceous earth, or equivalent. 

(c) Electric Oven.—An electric oven capable 
of maintaining a temperature of 105+2C. 
(221 + 3.6F.). 

(d) Balances—An analytical balance sensi- 
tive to 0.1 mg. for weighing the Gooch crucible; 
a laboratory balance sensitive to 0.1 g. for 
weighing the oil sample. 

(e) Tamping Rod.—A glass tamping rod 
having a flattened disk approximately 3 mm. in 
diameter at one end. 

(f) Flasks.—Erlenmeyer flasks of 125- and 
250-ml. capacity. 

(g) Desiccator. 


‘PROPOSED TEST FOR OXIDATION OF 


(30 to 60 min. is usually sufficient). 


aid to the nearest 0.1 mg. Assemble the cru- a a 
ible and flask in the vacuum apparatus as 
_ indicated in Fig. 1 and reduce the pressure. bn 
filter aid should be wet with the solvent from a 
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Reagents: 

A.S.T.M. Precipitation Naphtha.—The A. 
T.M. precipitation naphtha shall conform to the 
requirements prescribed in Section A19 (a) 
(method A). 

(b) Chloroform, U.S.P. 

Procedure: 

A25. Heat the sample, while agitating 
constantly, to about 60C. (140 F.) until the 
sample is homogeneous and all sediment is in 


suspension. 

(b) Weigh 10 + 0.1 g. of the prepared we a 
into a 125-ml. Erlenmeyer flask. Add 100+ a 
1 ml. of the solvent and shake until the mixture 
is homogeneous. Stopper and let standat room __ 
temperature for 1 to 2 hr. ae 


(c) Add approximately 4 g. of filter aid 
to the clean Gooch crucible and dry in the oven 
at 105+2C. (221 + 3.6.F.) toconstant weight 
Colina 
desiccator, and weigh the crucible and filter — 


The 


wash bottle and the filter aid packed down with te 
the glass rod. All filter aid should be washed — 
from the rod into the crucible. 

(d) Filter the contents of the Erlenmeyer _ 
flask through the wet filter bed without allowing 
the filter cake to suck dry (Note 1). Allinsol- — 
uble materia] should be transferred from the — 
flask to the crucible by swirling the flask when 
adding solution to the crucible and by using _ 


_ increments of solvent to wash the flask. A total cee 


of 100+ 1 ml. of fresh solvent shall then be 
used to wash the flask and filter cake. If, dur- _ 
ing filtration, the rate slows down because ofa 
gummy deposit on the surface of the filter cake, 
the surface may be broken up with a pointed _ 
glass rod and the filtering continued (Notes2 
and 3). Material adhering to the glass 
should be washed with the solvent into 
crucible. 

Nore 1.—During filtration, suction should be 
so controlled that no precipitate is drawn 
through the filter bed. As a rule the reduced 
pressure may be as low as 10 cm. of mercury. 
In some cases less reduction in pressure must be 
used to prevent loss of precipitate. If the fil- 
trate is cloudy, it should be refiltered and the 
sum of the precipitates used in the calculations. 

Note 2: Modified Procedure.—Some used 
lubricating oils will form naphtha insoluble 
matter of a gelatinous consistency which will not 
filter at a reasonable rate. In such cases the 
filtration may be accelerated by placing about 
half of the weighed dry filter aid in a new 
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sample. This can be accomplished without loss 
of filter aid by use of a short-stemmed glass 
funnel inserted in the flask and gently tapping 
i 1, 7 the crucible against the edge of the funnel. 
{ ‘The adhering filter aid should then be washed 

_ from the funnel into the sample with the 100 ml. 
of solvent. During filtration the contents of 
the Erlenmeyer flask are swirled to distribute 
the filter aid evenly. After filtration, the filter 
aid clinging to the sides of the flask is trans- 
ferred to the crucible by means of a jet of 
the solvent from the wash bottle, and the de- 
termination is completed in accordance with 
the regular procedure. 

Nore 3.—If the porous glass filter plate be- 
comes clogged with fine particles such as soot 
from diesel oils, it may be cleaned by washing 
with nitric acid and then with chromic acid 
cleaning solution drawn through the plate in 
the reverse direction. 
> (e) After liquid solvent has been sucked from 
the washed filter cake, crucible and con- 
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tents in the oven for 3 to 4 hr. at 105+2C. 
(221 + 3.6 F.), cool in a desiccator, and weigh 
to the nearest 0.1 mg. 


Calculation: 


A26. Calculate the percentage of insoluble 
matter as follows: 
Insoluble matter, per cent = 10(B — A) 
where: 
A = weight in grams of the prepared, dried 
Gooch crucible and filter aid, and 
B = weight in grams of Gooch crucible and 
residue. 


Reproducibility: 

A27. With proper attention to details of 
preparation of the sample and procedure, the 
results of individual determinations should not 
differ from the average percentage of insoluble 
matter by more than 5 per cent of the average 
value. 
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APPENDIX VII 


SUGGESTED REPORT ForM 


GENERAL INFORMATION 


Brand name or designation of = 


Viscosity grade............. 
Engine No. ; Duration of test, hr. aa 
 Crankcase-oil sump temperature, » deg. Fah Load, hp. Speed, 
‘Total oil added,* q otal oil drained?, qt............ Quarts per hour. 
Coolant tem erat, ‘deg. Fahr., Inlet . ‘Outlet... plug gap, in... 
Cam angle, OF Dreaker- Finish 
Oil pressure, psi... .. Finish 
_Intake-manifold vacuum, inches of mercury. Stast........ Finish 
Exhaust back pressure, inches of mercury. OE AR Finish 
Fuel rate, time for consumption of 300 ml., min.............-...---. Start Finish 
Exhaust gas: 
VARNISH DEPOSIT RATINGS Rating SLUDGE DEPOSIT RATINGS Rating 
Piston skirts. . Rocker-arm assembly............... 
Rocker-arm cover plate... Rocker-arm cover plate 
Push-rod cover pate. Push-rod cover 
Crankcase oi] pam... Crankcase oil pan 
FUEL 
Octane Number........ Sulfur Lead... ..ml. tetraethyl lead per gal. 


COPPER-LEAD BEARINGS 


Weight of bearing, g.: 


Top section 


Bottom section 


OIL ANALYSIS 


* Including oil added to compensate for samples. See Section 12. 
® Including volume of }-pt. samples. See Section 
ul, 


Naphtha- _— Conradson ity, 
Neutraliza-| | "Matter Asphaltenes, | | | ‘Saybolt 
7 Sample No. Hours thon Matter Soluble in Residue, per cent Universal 
ae Number per cent 5 ao per cent per cent at 100F., sec 
per cent 
| 
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Sectional Committee Z11 on Petro- 
leum Products and Lubricants held one 
meeting during the year in Chicago, 
Ill., on June 24, 1941. 

During the past year, the American 
Standards Association, on the recom- 
mendation of the sectional committee, 
reapproved three American Standards 
in which revisions have been made, and 
likewise approved four A.S.T.M. stand- 
ards as American Standard for the first 
time, assigning the following ASA desig- 
nations: 

A.S.T.M. Standard Methods of: 
Test for Carbon Residue of Petroleum Prod- 
ucts (Conradson Carbon Residue) (D 189 - 
41; ASA Z11.25-1941), 

Test for Distillation of Gas Oil and Similar 
Distillate Fuel Oils (D 158-41; Z11.26- 
1941), 

Test for Distillation of Crude Petroleum 
(D 285-41; Z11.32-1941), 

Test for Distillation of Plant Spray Oils 
(D 447 - 41; Z11.43-1941), 

Test for Vapor Pressure of Petroleum Prod- 
ucts (Reid Method) (D 323-41; Z11.44- 
1941), 

Calculating Viscosity 
Z11.45-1941), and 

Conversion of Kinematic Viscosity to Saybolt 
Universal Viscosity (D 446-39; Z11.46- 
1941). 

Inasmuch as the A.S.T.M. Standard 
Method of Test for Knock Character- 
istics of Motor Fuels (D 357 - 40; ASA 
Z11.37-1940) has been revised and re- 
verted to tentative, approval as Ameri- 
can Standard has been withdrawn by the 
ASA on the recommendation of the 
sectional committee. 


Index (D 567-41; 
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PETROLEUM PRODUCTS AND LUBRICANTS 
ASA Progect: Zi1 


At its meeting held during this annual . 
meeting, the following two tentative = 


Lubricants for reference to letter ballot a ¥ 
of the Society for adoption as standard. 

The sectional committee decided to _ 
recommend to the American Standards 
Association the approval of these meth- 
ods as American Standard upon their 


adoption as A.S.T.M. standards: 
A.S.T.M. Tentative Methods of: Ea | 


Test for Carbon Residue of Petroleum Prod- 
ucts (Ramsbottom Carbon 
(D 524-41 T), and 


Test for Tetraethy] Lead in Gasoline (D 
- 41 T). 


These will accordingly be referred to 
letter ballot in the sectional committee. 
Since the standards listed below, 
already having ASA approval, have 
been revised this year, Committee D-2 
has recommended that they be presented 
to the ASA in their revised form for 
reapproval as American Standard: 
Revision of A.S.T.M. Standard Methods of: as 

Test for Gum Content of Gasoline (D 381 - 
36; ASA Z11.36-1936), 

Test for Flash Point by Means of the Pensky- 
Martens Closed Tester (D 93 - 40; Z11.7- 
1940), 

Test for Melting Point of Paraffin Wax 
(D 87 — 37; Z11.4-1937), and 


Test for Vapor Pressure of Petroleum Prod- 
ucts (Reid Method) (D 323-41; Z11.44- 
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The sectional committee voted to refer 
these revisions to the ASA, subject to 
approval by letter ballot. 


The election of officers and other 
members of the Executive Committee 
of Sectional Committee Z11 for the 
ensuing term of two years resulted in 
the selection of the following: 
Chairman, T. A. Boyd. 
Vice-Chairman, T. G. Delbridge. 


ae 


Other members of Executive Commit 
tee: 


Report OF SECTIONAL COMMITTEE 


R. P. Anderson J. B. Macauley 
A. L. Beall K. G. Mackenzie 
H. C. Dickinson J. A. Reid 


Respectfully submitted on behalf of 


the sectional committee, 
TAY T. A. Boyp, 


R. E. Hess, 


Secretary. 


4 Chairman. 
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ON 
GASEOUS FUELS 


Committee D-3 on Gaseous Fuels held 
a joint meeting with its seven subgroups 
in Atlantic City, N. J., on October 19, 
1941. Its Advisory Committee and the 
Subcommittee on Determination of 
Special Constituents of Gaseous Fuels 
also met on the same date. 

Substantial progress has been made by 
various subcommittees in their assign- 
ments and several proposed tentative 
standards are expected to be completed 
within the next few months. Brief re- 
ports on the activities of these groups 
are presented below. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chairman). 
—Investigation of procedure for testing 
laboratory wet gas meters has progressed 
to the point where calibrations with the 
aspirator equipment and 0.1 cu. ft. 
bottle agree at the average rate at 
which calibration with the 0.1 cu. ft. 
bottle is made. However, these meters 
do not have a flat calibration curve, but 
tend to become “fast” as the rate in- 
creases. The rate of this change varies 
with different meters but the range of it 
is such that if a meter is correct at 
about 3 cu. ft. per hr. the average rate 
of a 0.1 cu. ft. bottle test, the meter may 
be from 0.1 to 0.3 per cent fast at 6 cu. 
ft. per hr., the rate of use in most 
calorimeter work. 

A method of altering a wet test meter 
so as to obtain a flat calibration curve 
over a fairly wide range of rates, has been 
worked out. An application for a 


patent, to be dedicated to the public, is 
being made to cover this development. 

Subcommittee IIT on Determination of 
Calorific Value of Gaseous Fuels (R. B. 


REPORT OF COMMITTEE D-3 


Harper, chairman).—Principal atten- 
tion has been devoted to a study of a 
routine determinations of calorific value 


tentative method has been prepared and 
will shortly be submitted to the mem- _— 
bers for study and criticism. 

An additional subgroup has been 
formed to study calorimeter thermome- 
ters in order to prepare suitable specifi- é, rie 
cations for their manufacture. 


by a special subgroup were approved > em 
with minor revisions at the meeting of 
Committee D-3 held in Atlantic Cityon 
October 19, 1941. i , 
been submitted to all members and ap- __ 
proved by letter ballot. 

Subcommittee IV on Determination 


work was by the 
Bureau of Standards on eleven — 
gravity instruments submitted by their _ 
manufacturers. Fifteen test gases were 
employed and a total of more than 2000 
specific gravity determinations were 
made during this study. Individual re- 
ports covering each instrument tested — 
were prepared and a copy submitted to 
the manufacturer with the request that — 
errors of fact be indicated so that suitable 
modifications could be made. After — 
comments were received, a composite _ 
report was prepared and copies sub- 
mitted to all members of the subcom- 
mittee as well as to all members of 
Committee D-3. 

This report contains 239 pages of test 


343 


i 
id 
—— 
of gaseous fuels by a special subgroup i 
formed for the purpose. A proposed 
ry . 
i 
calorific va is fuels prepared a) 
| 
4 
| 
4) | 


data and graphs. As soon as it has been 
_ fully reviewed by the subcommittee it is 
proposed to arrange for its release to 
industry through publication in the 
Journal of Research of the National 
Bureau of Standards. 

Subcommittee V on Determination of 
Special Constituents of Gaseous Fuels (E. 
F. Pohlmann, chairman).—As the result 
of action taken by the Advisory Com- 
mittee of Committee D-3 at its meeting 


- on October 19, 1941, the former title of 


this subcommittee was changed. As a 
result, its objective is now the develop- 
ment of standard methods of procedure 
for the determination of special con- 
stituents of gaseous fuels. 

This group has been devoting all of its 
efforts toward the preparation of stand- 
ard methods for the determination of 
hydrogen sulfide, organic sulfur, and 


total sulfur. 


Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(A. W. Gauger, chairman).—Experi- 
mental work has been continued on 
methods of measuring the water con- 
tent of gaseous fuels. An improved 
portable colorimeter employing the 
change in color of cobaltous bromide with 
water was constructed and given a field 
test. The moisture content indicated 
by the cobaltous bromide method was 
checked against the indication of a dew- 
point meter. Since most samples con- 
tained somé “entrained” water, the 
cobaltous bromide method invariably 
indicated a higher water content; for 
example, the water content of the gas 
leaving an experimental diethylene gly- 
col dehydrator was over twice that indi- 
cated by the dew-point reading at the 
same sampling location. Field tests 
indicate the need of a better sampling 
technique and this is being developed. 
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and the absorption obeys the Lambert- 
Beer law. The effect of the partial 
pressure of other gases, and the tempera- 
ture of the mixture affects the amount of 
light absorbed by the water vapor in the 
1.84 band. Although the spectrometer 
can still be used for quantitative meas- 
urements, the magnitude of this extra 
effect requires that the spectrometer be 
calibrated with known amounts of water. 
Consequently, the method cannot be the 
semiabsolute method anticipated. 

Subcommittee VII on Complete Analy- 
sis or Chemical Composition of Gaseous 
Fuels (Martin Shepherd, chairman).— 
Results of the cooperative analysis of the 
first standard sample of carburetted 
water-gas type were completed and pre- 
sented to the committee as tabular data 
and as frequency distribution plots. 
These data gave the first reasonably 
complete and authentic picture of the 
actual state of this type of gas analysis 
in this country at this time. 

The second standard sample of the 
natural gas type for analysis by absorp- 
tion and combustion was distributed 
May 5, 1941, and analyzed by 32 labo- 
ratories during the year. A complete 
report now is in preparation. 

Cylinders for a third sample of the 
natural gas type for analysis by frac- 
tional distillation have been purchased. 
When the cylinders have been equipped 
with valves, the sample will be prepared 
and distributed. 


This report has been submitted to let- 
ter ballot of the committee which con- 
sists of 33 members, 28 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


The infrared spectrometer is being A. W. GAUGER, 
calibrated. The amount of water vapor Chairman. 
in a vacuum is readily measured to plus R. M. Conner, on 
or minus 0.1 mm. of water vapor pressure Secretary. 
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Committee D-4 on Road and Paving 
Materials has held two meetings during 
the past year: in Chicago, Ill., on June 
25, 1941, and in Cleveland, Ohio, on 
March 4, 1942. 

Subsequent to the 1941 annual meet- 
ing Committee D-4 presented to the 
Society, through Committee E-10 on 
Standards, the following recommenda- 
tions: 

New Tentative Standards: 
Specifications for Sodium Chloride (D 632 - 

41 T), 

for Slow-Setting Emulsified As- 


phalt (for Fine Aggregate Mixes) (D 631 - 
41 T), and 


Pitch (D 633 - 41 T), submitted jointly with 
Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 


Tentative Revisions of Standards: 

Methods of Chemical Analysis of Calcium Chlo- 
ride (D 345 — 34), and 

Method of Test for Ductility of Bituminous 
Materials (D 113 — 39). 


Revisions of Tentative Standards: 


Specifications for Standard Sizes of Coarse Ag- 
gregate for Highway Construction (D 448 - 
37 T), 

Specifications for Crushed Slag for Bituminous 
Macadam Base and Surface Courses (D 487 
- 39 T), 


Specifications for Crushed Stone for Bituminous 
Macadam Base and Surface Courses (D 192 
- 39 T), and 

Methods of Sampling Bituminous Materials 
(D 140 - 39 T). 

These recommendations were ac- 
cepted' by Committee E-10 on August 
25, 1941, and the new and revised tenta- 
tive standards and tentative revisions 
of standards appear in the 1941 ‘Supple- 
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Volume Correction Table for Tar and Coal- Tar 1 


ment to Book of A.S.T.M. Standards, 
Part II. 

Subsequent to the 1941 annual meet- 
ing Committee D-4 also referred to Com- 
mittee E-8 on Nomenclature and Defi- 
nitions a proposed tentative revision of 
Standard Definitions of Terms Relating 
to Materials for Roads and Pavements 
(D 8-33) including definitions for the 
terms bituminous emulsions, fluxes, as- 
phalts, rock asphalt, petroleum, topped 
petroleum, tars, water-gas tars, dehy- 
drated tars, dead oils, viscosity, matrix, 

I. REVISION oF STANDARDS, 
IMMEDIATE ADOPTION 


petroleum flux, and bituminous. 


Standard Method of Test for Deter- 
mination of Bitumen (D4-27)? and 
Standard Method of Test for Proportion 
of Bitumen Soluble in Carbon Tetra- 
chloride (D 165 - 27).2—In order to de- 
scribe more definitely the procedures 
and to include certain editorial improve- 
ments in the descriptions of these tests, 
revisions of these methods have been 
prepared and are recommended for im- 
mediate adoption. The revised methods 
are appended hereto* and the com- 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee D-4 reported the following 
results of the letter ballot vote from a committee mem- 
bership of 133: D 632, D 631, and D 345, affirmative 73, 
negative 0, ballots marked “not voting” 9; D 113, affirma- 
tive 80, negative 1, ballots marked ‘ ‘not voting” 4; D 
affirmative 76, ‘negative 1, ballots marked “not vot- 
ing” 6; D 487, affirmative 68, negative 1, ballots marked 
“not voting” i3; D 192, affirmative 75, negative 1, ballots 
marked “not voting” 4 ;D 140, afhrmative 82 negative 0, 
ballots marked ‘“‘not voting” 3; , affirmative 69, 
negative 0, ballots marked “not 

21939 Book of A.S.T.M. Standar s, Part II, pp. 385, 


3 These revised methods were adopted as standard by 
the Society and appear in their latest revised form in the 
1942 Book of A.S.T.M. Standards, Part II, pp. 453 and 456, 
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Side. Front 


Method of Placing Cube 
on Wire Hook. 


«Tin Shield----. 


Bunsen Burner----+----- 


(Special ) 


Double Mold 


i, 
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Mold with Pins 
Fic. 1.—Apparatus for Cube-in-Water Method. 


. 


Section 
through Brass Mold 


mittee 
nine-t 
in or 
may | 
Societ 


Il. R 


Ten 
Slag } 
Surfa 
comm 
revisit 
and r 
be co 

by th 
and t 

furnacs 
ments} 
and re 
{or gla 
matter 

Seci 
quiret 
wear. 


2 Slag fo 
of Test 
Design 
—— Misci 
= 4 194) 
OE See 
| 


mittee accordingly requests a favorable 
nine-tenths vote at the annual meeting 
in order that these recommendations 
may be referred to letter ballot of the 
Society. 


II. REVISION OF TENTATIVE STANDARD 


Tentative Specifications for Crushed 
Slag for Bituminous Macadam Base and 
Surface Courses (D 487-41 T).4—The 
committee is proposing the following 
revisions in these tentative specifications 
and recommends that as revised they 
be continued as tentative: 

Section 2.—Change to read as follows 
by the addition of the italicized word 
and the omission of those in brackets: 

2. The crushed slag shall be air-cooled blast- 
furnace slag and shall consist of angular frag- 
ments reasonably uniform in density and quality, 
and reasonably free from thin or elongated 
{or glassy] pieces, dirt, or other objectionable 
matter. 

Section 3.—Insert the following re- 
quirements after the requirements for 
wear. 

Weight per cubic foot, compacted, of each size 
specified: 
Slag for use in base courses. .not less than 65 Ib. 


Slag for use in not less than 70 Ib. 
surface courses | 


Section 6.—Add the following new 
Paragraph (c) after (6), relettering 
Paragraph (c) as (d): 

(c) Weight per Cubic Foot.—Standard Method 


of Test for Unit Weight of Aggregate (A.S.T.M. 
Designation: C 29). 


ApopTion AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 


Tentative Method of Test for Modified 
Miscibility and Cement Mixing of Emul- 
sified Asphalts (D 244-41 T).°—Com- 
mittee D-4 recommends that this method 
revised as indicated below be adopted 


41941 to Book of A.S.T.M. Standards, 
Part II, p. 334 
5 See also Editorial Note, p 
It, 6 1941 Supplement to Book ot re $.T.M. Standards, Part 
p. 347. 


as standard and incorporated in the 
Standard Methods of Testing Emulsi- 
fied Asphalts (D 244 40):7 

Section 6.—Change the second sen- 
tence to read as follows by the addition 
of the italicized word and figure and the 
omission of those in brackets: 

This test is not applicable [where 5] when 2 
per cent or more coagulation is anticipated. 

Section 9 (d).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of the words in brackets: 

Pour the mixture through the tared 1410- 
micron (No. 14) iron [wire] sieve of approximately 
3 in. diameter and rinse [with water until the 
wash water is clear] by pouring distilled water 
from a receptacle held at a height of — 
mately 6 in. 

IV. REINSTATEMENT OF TENTATIVE 

STANDARD 


Upon recommendation of Committee 
D-4 in 1940 the Society discontinued 
the Tentative Method of Test for Abra- 
sion of Gravel by Use of the Deval 
Machine (D 289-37T). The recom- 
mendation was originally made because 
of the general rapid substitution of the 
Los Angeles machine test for the Deval 
machine test. However, a number of 
the state highway departments are con- 
tinuing to use the Deval machine and it 
is still a standard method of the Amer- 
ican Association of State Highway Offi- 
cials. Moreover, in 1940 the Deval 
machine test was included in specifica- 
tions of the Joint Committee on Con- 
crete and Reinforced Concrete. For 
these reasons Committee D-4 feels that 
it is advisable to reinstate this method of 
test as an A.S.T.M. tentative standard 
and so recommends to the’Society. 


V. EprrortAL CHANGES IN STANDARDS 
AND TENTATIVE STANDARDS 

Standard Method of Test for Softening 

Point of Tar Products (Cube-in-Water 


71940 to Book of A.S.T.M. Standards, 
Part II, p. 
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be incorporated in this standard and 
accepted as an editorial revision. These 
changes merely provide for use of a 
_ double mold if desired, in addition to the 
single mold and necessitate a modifica- 
tion in Fig. 1. 

Section 2 (a).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


2. (a) Mold.—A mold suitable for forming a 
-12.7-mm. (}-in.) cube of pitch. (Suitable types 
are [A recommended type is] shown in Fig. 1.) 


a ee —Replace this figure by the 
accompanying Fig. 1. 
Standard Method of Test for Softening 
Point of Bituminous Materials (Ring-and- 
‘Ball Method) (D 36 -26).°—Committee 
recommends that the following 
correction be incorporated in this stand- 
ard and be accepted as an editorial 
This change eliminates a con- 
tradiction i in description of thermometer 
and is in conformity with the ther- 
ss mometer requirements of Committee 
E-1_ on Methods of Testing. 
: oe Section 8.—Change to read as follows 
ai by the addition of the italicized figures 


and the omission of those in brackets: 


8. An A.S.T.M. High Softening Point Ther- 
mometer, graduated in either Centigrade or 


Fahrenheit degrees as specified, having a range 

7 ie of 30 to 200 [160] C. or 85 to 392 [320] F. and 
eonforming to the requirements for this ther- 
ia a mometer as prescribed in the Standard Specifi- 


A cations for A.S.T.M. Thermometers (A.S.T.M. 
Designation: E 1) of the American Society for 
a Testing Materials shall be used. 
Tentative Specifications for Materials 
for Stabilized Base Course (D 556 - 40 T)"° 
and Tentative Specifications for Materials 
for Stabilized Surface Course (D557 - 
T)."\—Committee D-4 recommends 
that the following change be incor- 


—ee Standards, Part II, p. 420. 


to Book of A.S.T.M. Standards, 
Part II, p. 272. 
it [bid., p. 274. 
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porated in both of these standards and 
accepted as editorial. This change is 
consistent with the sieve analysis re- 
quirements in Section 3 in which no 
reference is made to the No. 4 sieve, and 
the No. 10 sieve is used as the division 
point for Type A material. 

Section 2 (a).—Change the second 
sentence to read as follows by the addi- 
tion of the italicized figures and the 
omission of those in brackets: 

The aggregate retained on the No. 10 [4] 
(2000-[4760] micron) sieve shall consist of hard, 
durable particles and shall be free from injurious 
or deleterious substances. 

Standard Methods of Testing Emulsified 
Asphalts (D 244 - 40).’—Committee D-4 
recommends that in the interest of clar- 
ity the following change be incorporated 
in this standard and accepted as an 
editorial revision. 

Section 21.—Change the second sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 

The percentage of residue retained on the 
sieve [in the emulsion] shall be calculated from 
{on the basis of] this weight. 

Standard Method of Test for Distilla- 
tion of Tar Products (D 20 - 30).—Com- 
mittee D-4 recommends that, in the in- 
terest of clarity and in order to har- 
monize this method with the revised 
Standard Method of Test for Distilla- 
tion of Creosote (D 246 — 39) as recom- 
mended by Committee D-7 on Timber, 
the following changes be incorporated 
in this standard and accepted as an edi- 
torial revision. 

Section 4 (b).—Change to read as fol- 
lows by the addition of the italicized 
words: 

(b) The axis of the bulb of the flask through 
the center of the neck shall be vertical and the 
thermometer shall be aligned on this axis. 

Section 4 (c).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 
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The distance from the [bulb of the thermom- 
eter] neck of the flask to the outlet end of the 
condenser tube shall be not more than 600 nor 
less than 500 mm. 


Fig. 3.—Change the 500-600 mm. 
dimension to conform with the above 
revision in Section 4 (c) and as shown in 
Fig. 3 of the Standard Method of Test 
for Distillation of Creosote (D 246 — 39) 
but without change in position to the 
thermometer. 


VI. STANDARDS AND TENTATIVE 
STANDARDS CONTINUED WITHOUT 
REVISION 


In order to determine whether they 
are in accord with present practice the 
committee has reviewed the following 
specifications and methods of test which 
have been published without revision 
for a number of years, and has approved 
retaining these standards and tentative 
standards in their present form: 
Standard Specifications for: 

Gravel for Bituminous Concrete Base (D 309 - 

Sand for Sheet Asphalt and Bituminous Con- 

crete Pavements (D 162 — 29), 

Calcium Chloride (D 98 — 34), 
Materials for Cement Grout Filler for Brick and 

Stone Block Pavements (D 57 — 20), 
Coal-Tar Pitch for Stone Block Filler (D 112 - 

30), 

Standard Methods of Test for: 
Toughness of Rock (D 3 - 18), 
Abrasion of Rock by Use of the Deval Machine 

(D 2-33), 

Chemical Analysis of Calcium Chloride (D 345 

34),13 
Distillation of Tar Products Suitable for Road 

Treatment (D 20 — 30), 

Float Test for Bituminous Materials (D 139 

27), 

Penetration of Bituminous Materials (D 5 — 25), 
Residue of Specified Penetration (D 243 — 36), 
Specific Gravity of Asphalts and Tar Pitches 

Sufficiently Solid to Be Handled in Frag- 

ments (D 71 - 27), 

Specific Gravity of Road Oils, Road Tars, As- 

phalt Cements, and Soft Tar Pitches (D 70 

27), 


12 See Editorial Note, p. 350. 


PO at revision of this standard issued August, 


14 These specifications are now in process of being re- 


vised. 
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Tentative Specifications for: 

Cut-Back Asphalt (Medium Curing Type) (D 
598 —- 40 T), 

Cut-Back Asphalt (Rapid Curing Type) (D 
597 - 40 T), 

Tar (D 490 - 38 T), 

Asphalt Filler for Brick Pavements (D 241 - 
39 T), 

Tentative Method of: 

Test for Loss on Heating of Oil and Asphaltic 
Compounds (D 6-39 T). (This method of 
test is now in process of revision.), 

Tentative Revision of: 

Standard Method of Test for Abrasion of Coarse 
Aggregate by Use of the Los Angeles Machine 
(C 131 — 39) issued June, 1941. 


The following two new specifications 
and proposed revisions-of six tentative 
standards have been referred to letter 
ballot of Committee D-4 for recom- 
mendation to the Society subsequent 
to the annual meeting through Com- 
mittee E-10 on Standards.” 
Proposed Tentative Standards: 
Spec. for Crushed Gravel for Waterbound Base 

and Surface Courses 


Spec. for Gravel for Bituminous Concrete Base 
and Surface Courses 

Revisions of Tentative Specifications for: 

Standard Sizes of Coarse Aggregate for Highway 
Construction (D 448 ~ 41 T) 

Crushed Slag for Bituminous Concrete Base and 
Surface Courses (D 485 — 38 T) 

Crushed Stone for Bituminous Concrete Base 
and Surface Courses (D 486 — 39 T) 

Crushed Slag for Water-Bound Base and Sur- 
face Courses (D 488 — 38 T) 

Crushed Stone for Water-Bound Base and Sur- 
face Courses (D 489 — 40 T) 

Revision of Tentative Method of: 

Sampling Stone, Slag, Gravel, Sand, and Stone 
Block for Use as Highway Materials (D 75 - 
40 T) 


In connection with the new and re- 
vised specifications for stone, slag, and 
gravel, it is proposed to consolidate 
these into three separate specifications.” 

In addition Committee D-4 has re- 
ferred to letter ballot the Proposed 
Method of Test for Moisture-Density 
Relations of Soils, originated by Com- 
mittee D-18 on Soils for Engineering 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
Purposes but coming under the joint mcs : 
jurisdiction of the two committees.” | Ballots 
ju sdic Teems firme. Nega- 
tive tive | “Not 
Thé recommendations appearing in Voting” 
this report have been submitted to PM GR 
4 I. REviston OF STANDARDS, 
letter ballot of the committee which IMMEDIATE ADOPTION 
consists of 129 members; 89 members for, Determination _ of 
returned their ballots with the results 16 
min “ men Soluble in Carbon 
shown in Table I. Tetrachloride (D 165 - 27). 73 0 16 
II. Revision oF TENTATIVE 
The election of officers for the ensuing 
term of two years resulted in the selec- “"Sisuminous Macadam Base 


Chairman, C. N. Forrest. 
First Vice-Chairman, F. V. Reagel. 
Second Vice-Chairman, A. T. Gold- 


III. Apoption as STANDARD 
or TENTATIVE REVISION 
or STANDARD 


Testing Emulsified Asphalts 


(D 244 - 40) sve 55 6 21 


beck. 


ae IV. REINSTATEMENT OF TEN- 
_--- Third Vice-Chairman, E. O. Rhodes. TATIVE STANDARD 

Test for of Gravel by 
-—-« Secretary, Prévost Hubbard. Use of the Deval Machine 


(D 289 - 37 T) 


| This report has been submitted to ~ Respectfully submitted on behalf of 


Secretary. 


Revision of Tentative Methods of: 


Materials (D 75 —- 40 T). 


EpiroriAL Note 


Specifications D 485 — 38 T, D 486 - 
Crushed Stone and Crushed Slag for Bituminous Macadam Base and Sur- 
face Courses of Pavements (D 693 - 42 T), to replace immediately Speci- 
fications D 192 -41 T and D 487 — 42 T, 
Crushed Stone, Slag, and Gravel for Water-Bound Base and Surface 


39 T, and D 309 - 30, 


ie letter ballot of the committee which the committee, 

consists of 129 members; 89 members 

returned their ballots, of whom 78 Chairman. 
voted affirmatively and 1 nega- Prévost HUBBARD. 


to the annual meeting, Committee D-4 to » the Society 
through Committee E-10 on Standards the following recommendations: 

re New Tentative Specifications for: 

ak Crushed Stone, Slag, and Gravel for Bituminous Concrete Base and Sur- 
et. face Courses of Pavements (D692-—42T), to replace immediately 


oo Courses of Pavements (D 694-42 T), to replace immediately Specifi- 
ire ie cations D 488 - 38 T and D 489-40 T, 
Revision of Tentative Specifications for: 
=. oa Sea Standard Sizes of Coarse Aggregate for Highway Construction (D 448 - 41 
T), and 


Sampling Stone, Slag, Gravel, Sand, and Stone Bock for Use as Highway 


These recommendations were accepted by Committee E-10 on August 24, 
1942, and the new and revised tentative standards appear in the 1942 Book of 
AS.T.M. Standards, Part II, pp. 1224, 1230, 1218, and 1233. 

The proposed Method of Test for Moisture-Density Relations of Soils, sub- 
mitted jointly by Committees D-4 and D-18, were accepted by Committee E-10 
on September 17, 1942, for publication as tentative. 
was assigned the designation D 698-42 T and appears in the 1942 Book of 
A.S.T.M. Standards, Part II, p. 1280. 
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Committee D-5 on Coal and Coke held 
a meeting in Chicago, Ill., on June 25, 
1941; another meeting will be held at the 
annual meeting of the Society in June, 
1942, in Atlantic City, N. J. Three of 
its subcommittees met in Easton, Pa., 
on October 10, 1941, in connection with 
a joint meeting of the Fuels Division of 
the American Society of Mechanical 
Engineers, and the Coal Division of the 
American Institute of Mining and Metal- 
lurgical Engineers. 

A new subcommittee designated as 
Subcommittee XIX on Designation of 
Coal Sizes, under the chairmanship of 
J. D. Doherty, consisting of 11 members, 
has been formed to consider revising the 
Standard Method for Designating the 
Size of Coal from Its Screen Analysis 
(D 431-38). This subcommittee also 
will have jurisdiction over the Standard 
Method of Test for Screen Analysis of 
Coal (D 410-38) and over all matters 
concerning coal size designations that 
may come up in the future. 

In accordance with the Regulations 
Governing Standing Committees refer- 
ence is made here to standards that have 
stood for six years without revision and 
tentative standards that have stood for 
two years without revision. 

Revisions are in preparation for the 
following tentative standards which have 
stood for two years or more without re- 
vision: 

Tentative Methods of: 


Sampling Coals Classed According to Ash 
Content (D 492 - 40 T), 


ON 


Test for cuidate on of Coal by the Ball- 
Mill Method (D 408 - 37 T), 

Test for Grindability of Coal by the Hard- 
grove-Machine Method (D 409 - 37 T), 

Drop Shatter Test for Coal (D 440 - 37 T), 

Tumbler Test for Coal (D 441 - 37 T), and 
Tentative Definition of Terms Gross Calorific 

Value and Net Calorific Value of Fuels 

(D 407 - 35 T). 


Standards that have stood for six 
years without revision and on which no 
revisions are in progress are as follows: 


Specifications for Gas and Coking Coals 
(D 166 — 24), 

Method of Sampling and Fineness Test of 
Powdered Coal (D 197 — 30), 

Test for Sieve Analysis of Crushed Bitu- 
minous Coal (D 311 — 30), 

Test for Cubic Foot Weight of Crushed 
Bituminous Coal (D 291 — 29), 

Definitions of Terms Relating to Coal and 
Coke (D 121 - 30), 

Method of Sampling Coke for Analysis 
(D 346 - 35), 

Test for Volume of Cell Space of Lump Coke 
(D 167 - 24), 

Method of Drop Shatter Test for Coke 
(D 141 - 23), 

Method of Tumbler Test for Coke (D 294 - 
29), 

Test for Sieve Analysis of Coke (D 293 - 29), 
and 

Test for Cubic Foot Weight of Coke (D 292 - 
29). 


Under consideration is a revision of the 
Standard Method of Test for Size of 
Anthracite (D 310-34) which will 
change the requirements for the screens 
for testing egg-size anthracite to conform 
to the current specifications of the 
Anthracite Committee, Pennsylvania De- 
partment of Commerce, which commit- 
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tee now has jurisdiction over the an- 
thracite sizing specifications formerly 
under the Anthracite Institute. 


_ ApopTiION AS STANDARD OF TENTATIVE 
ie REVISION OF STANDARD 
Standard Methods of Laboratory Sam- 

pling and Analysis of Coal and Coke 
(D 271-—40).\—The committee recom- 
mends that the tentative revision in 
Section 43, in this standard method, as 
_ published in 1940,? pertaining to toler- 
ances for volatile matter determination 
be approved for reference to letter bal- 
lot of the Society for adoption as stand- 


ard. The revisions of Sections 27 to 
_ 31 which pertain to the ash-fusion test 
are to remain as tentative. 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 53 members; 40 mem- 
bers returned their ballots of whom 38 
have voted affirmatively, 1 negatively, 
and 1 marked his ballot “‘not voting.” 


ACTIVITIES OF SUBCOMMITTEES 
Subcommittee I on Methods of Testing 


= 


A. Selvig, chairman).—A Special 
} Section on Volumetric Methods for 
a Sulfur Determination, under the chair- 
__ manship of C. A. Lunn, consisting of 9 


members, has completed a comprehen- 
sive study of volumetric methods for 


re determination of sulfur in coal and coke. 

“a "2 This inv estigation was under the im- 


anes). _ mediate supervision of S. S. Tomkins. 


Samples of four coals ranging in sulfur 
content from approximately 0.6 to 3.3 
per cent were air-dried, reduced and 
ground to pass through a 250-micron 
_ (No. 60) sieve and representative por- 
_ tions submitted to eight laboratories. 
These laboratories determined sulfur in 
_ triplicate by the present standard 
Eschka and bomb-washing methods 


11940 Su 


t to Book of A.S.T.M. § 
Part Ill, p tandards, 
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whereby the sulfur is determined gravi- 
metrically by weighing as barium sul- 
fate, and by two volumetric methods 
using tetrahydroxyquinone and sodium 
rhodizonate as indicators. In _ these 
volumetric methods sulfur is recovered 
as soluble sulfates in the bomb washings 
or by leaching the Eschka residues. 
The advantages claimed for the volu- 
metric methods are that they are less 
costly and time-consuming, especially 
where a large number of coal samples 
are tested daily. 

On the basis of the results reported 
by the cooperating laboratories it was 
concluded that the volumetric methods 
will yield results of the same degree of 
reproducibility and accuracy as the 
present standard gravimetric method. 
The two.volumetric methods are now 
under consideration as alternatives to 
the present standard gravimetric 
method. The detailed investigation is 
given in a paper entitled ‘Volumetric 
Determination of Sulfur in Coal and 
Coke,” by S. S. Tomkins, Industrial 
and Engineering Chemistry, Analytical 
Edition, Vol. 14, pp. 141 to 145 (1942). 

A Special Section on Uniformity of 
Analytical Data, under the chairman- 
ship of H. H. Lowry, has completed a 
study of application of statistical 
methods to determine the precision of 
the procedures given for analysis of coal 
and coke in Standard Methods D 271. 
A paper covering this investigation en- 
titled “Statistical Study of the Precision 
of Methods for Analysis of Coal and 
Coke,’* by H. H. Lowry and Charles O. 
Junge, Jr., of the Coal Research Labora- 
tory, Carnegie Institute of Technology, 
is to be presented at this annual meeting 
of the Society. A knowledge of this pre- 
cision is of particular importance in any 
attempt to correlate performance of 
coals in various uses with coal analyses. 


tSeep.87. 
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Nineteen Governmental, institutional, 


industrial, and commercial laboratories 
collaborated in this study by furnishing 
the analytical data in duplicate, or 
multiplicate, generally on 100 samples 
of coal or coke. In order to avoid bias 
in the selection of the data reported, 
each laboratory was asked to report the 
data beginning with the most recent 
determination of any given quality and 
continuing in inverse chronological order, 
with no omission, the results of indi- 
vidual analyses up to 100 samples. 
These data were then analyzed by the 
method described by Deming and Birge 
in the Review of Modern Physics, Vol. 6, 
pp. 158 to 160 (1934). This method of 
analysis assumes a distribution of errors 
in accord with the normal law of errors. 
Study of the data submitted has shown 
that this assumption may not be justi- 
fied for only a few sets of data. There 
are presented in the paper the numerical 
results of the statistical study which 
should permit establishment of “‘permis- 
sible differences” of duplicate deter- 
minations on a single sample of coal or 
coke related definitely to the precision 
of the analytical procedures. The re- 
sults considered in the paper do not per- 
mit any estimate to be made of the 
absolute accuracy of the analytical 
procedures covered in Standard Methods 
D 271, although similar _ statistical 
methods could be applied to data if they 
can be made available. 

To obtain information as to how best 
to specify the nature of the reducing 
atmosphere in the standard coal-ash 
fusion test a cooperative investigation 
has been completed in which seventeen 
different laboratories took part. Gas- 
fired and electrically heated furnaces 
were used. The fuels used for heating 
the gas-fired furnaces included natural 
gas, manufactured gas, coke-dven gas, 
and oxygen-acetylene mixtures. The 
cooperating laboratories determined in 
duplicate the initial deformation tem- 


perature, the softening temperature, and 
the fluid temperature of a series of coal 
ashes covering a wide range of fusibility. 
The data reported are being tabulated 
for publication as a Bureau of Mines 
Report of Investigations. 

The subcommittee has recommended 
the adoption as standard of the tentative 
revision? of Section 43 of the Standard 
Methods of Laboratory Sampling and 
Analysis of Coal and Coke (D 271 — 40) 
which pertains to tolerances for the 
volatile matter determination. All 
members of the subcommittee returned 
their ballots and the vote was 12 gffirma- 
tive with 1 ballot marked “not voting.” 

Subcommitiee VII on Pulverizing Char- 
acteristics of Coal (John Van Brunt, 
chairman).—This subcommittee held a 
meeting in Easton, Pa., on October 10, 
1941. Considerable experimental work 
has been done on the Lea-Nurse air 
permeability method for measuring spe- 
cific surfaces of finely ground coal and 
the application of this procedure to the 
present Tentative Method of Test for 
Grindability of Coal by the Hardgrove- 
Machine Method (D409-37T). At 
the 1941 annual meeting of the Society 
a paper’ was presented covering such 
an investigation conducted in the labora- 
tories of the Babcock & Wilcox Co. at 
Barberton, Ohio. 

Experimental work also has been con- 
ducted at the Battelle Memorial Insti- 
tute at Columbus, Ohio, concerning the 
application of the Lea-Nurse air-per- 
meability method to the ball-mill method 
for determination of coal grindability 
(D 408-37 T) and the results of this 
investigation® have been made available 
to members of the subcommittee. 


4 J.B. Romer, “A Study of the Grindability of Coal and 
the Fineness of Pulverized Coal When Using the Lea-Nurse 
Air Permeability Method for Eogneages the Subsieve 
Fractions,” Proceedings, Am. Soc. Testing Mats., Vol. 41, 
pp. 1152 to 1166 (1941). 

§ Ralph A. Sherman, and George W. Land, ‘The Deter- 
mination of the Grindability of Coal by Use of the Ball- 
Mill and the Lea-Nurse Air-Permeability Apparatus,”’ 
Report in mi phed form circulated to members of 
Subcommittee VII, of A.S.T.M. Committee D-5. 
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The subcommittee plans on continuing 
its investigations of the Lea-Nurse 
method for determining specific surfaces 
of pulverized coal and its application 
to the present two tentative methods for 
coal grindability. 

Subcommittee XIII on Coal Sampling 
(Henry F. Hebley, chairman).—This 
subcommittee held a meeting in Easton, 
Pa., on October 10, 1941. It intends to 
do some experimental work relative to 
the number of increments required in 
collecting samples of coal with top size 
ranging from 4 to 6 in. The principal 
activity of the subcommittee this last 
year has been in connection with com- 
bining the Standard Method of Sampling 
Coal for Analysis (D 21-40) with the 
Tentative Method of Sampling Coals 
Classed According to Ash Content 
(D 492 — 40 T) and considerable progress 
has been made in this proposed con- 
solidation. The work on methods of 
sampling coal for determination of mois- 
ture has been recessed temporarily. 

Subcommitiee XV on Plasticity and 
Swelling of Coal (C. C. Russel, chair- 
man).—In connection with the work of 
this subcommittee a paper entitled 
“An Experimental Investigation of the 
British Standard Method for the Cru- 
cible Swelling Test for Coal,” by H. 
N. Ostborg, H. R. Limbacher, and 
Ralph A. Sherman is to be presented 
at this annual meeting of the Society.® 
The paper describes experiments in 


standardizing a method for evaluating 
free swelling characteristics of coals 
when burned in fuel beds. 

Subcommittee XIX on Designation of 
Coal Sizes (J. D. Doherty, chairman).— 
This subcommittee held an organization 
meeting in Easton, Pa., on October 29, 
1941. A survey is being made of cur- 
rent usage in expressing sizes of coal. 
The present Standard Method for Desig- 
nating Size of Coal frqm its Screen 
Analysis (D 431-38) gives the lower 
limiting screen first followed by the 
upper limiting screen, as for example 2 
to 4 in. In some quarters it is cus- 
tomary to give the upper limiting screen 
first. After the survey of current prac- 
tice in expressing coal sizes has been 
completed the subcommittee will con- 
sider revisions of the present standard 
that might be desirable. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 53 members; 40 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. C, FIELDNER, 
Chairman. 
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Committee D-6 on Paper and Paper 
Products held one meeting during the 
year, on June 25, 1941, in Chicago, Ill. 
Cooperative relations are being con- 
tinued between Committee D-6 and 
other A.S.T.M. committees as indicated 
in the following table: 


D-6 Representa-| Representative 


A.S.T.M, Committee tive on on Committee 
Committee 
C-16 on Thermal Insu- 
lating Materials ...| C. C. Heritage | ............ 
D-8 on Bituminous 
Waterproofing and 
mg Materials..| ............ M. R. Beasley 
D9 = Electrical Insu- 
lating Materials ...| J. M. Finch R. W. Chad- 
bourne 
Joint D-6 and D-9 
ittee on pH 
Kantro- | M. Guarnier 
C. F. Hanson 
J. Pinch 
D-10 on Shipping Con- 
tainers...... Edward Dahill 
Committee E-1 on 
Methods of Testing: eee of 
Tech. Comm. III on kat 
Particle Size and 
Tech. Comm. X on 
Conditioning and 
Tech. “XI 
on Hydrogen Ion 
Determinations....| M.S. Kantro- | ............ 
witz 
Joint A.S.T.M.-TAPPI 
Committee on Pa- 
per Testing Meth- 
G. H. Harnden | P. F. Wehmer 
R. C. Griffin B. L. Wehmhoft 


The following additions in membership 
have been approved during the year: 


M. R. Beasley, Bird and Son, Inc. (Repre- 
senting Committee D-8) 

W. E. Harvey, Irvington Varnish and Insu- 
lator Co., 

P. K. Baird, U. S. Forest Products Labora- 
tory, 

T. A. McElhanney, Canada Forest Products 
Laboratories, 

Melbourne Heinig, U. S. Forest Products 
Laboratory, 

C. L. Sheldon, Hood Rubber Co., as repre- 
sentative of the National Assn. of Pur- 
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ae Agents, replacing J. M. Berry 

who has been called to active duty in 
the Ordnance Dept. of the U. S. Army; and 

R. G. Betts, as representative of W. & L. E. 
Gurley, replacing W. L. Egy who is no 
longer with that organization. 


W. E. Emley resigned as chairman of 
Subcommittee I on Paper Test Methods, 
and W. R. Willets was appointed as the 
new chairman of this subcommittee. 

At the present time, the committee 
consists of 66 members, of whom 54 are 
voting members, 24 are classified as pro- 
ducers, 20 as consumers, 17 as general 
interest members, and 5 as consulting 
members. 

Subsequent to the 1941 annual meet- 
ing, Committee D-6 presented to the 
Society through Committee E-10 on 
Standards the following new tentative 
standards: 


New Tentative Methods of: 


Conditioning of Paperboard, Fiberboard and 
Paperboard Containers for Testing (D 641 - 
41 T), 

Compression Testing of Corrugated and Solid 
Fiber Boxes ‘D 642 - 41 T), 

Test for Folding Endurance of Paper (D 643 
- 41 T), 

Test for Moisture in Paper and Paper Products 
(D 644 - 41 T), 

Test for Thickness of Paper (D 645 - 41 T), and 

Test for Basis Weight of Paper and Paper 
Products (D 646 - 41 T). 


These tentative methods were ac- 
cepted' by Committee E-10 on August 
25, 1941, and appear in the 1941 Sup- 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-6 reported the f 
results of the letter ballot vote of a total of 42 ballots 
returned from a mem bership of 56: D 641, affirmative 35, 
negative 3, ballots marked “‘not voting” 4; D 642, affirma- 
tive 36, negative 0, ballots marked “not voting”’ 6; D 643, 
affirmative 33, negative 0, ballots marked “not voting” 9: 
D 644, affirmative 35, negative 1, ballots marked “not 
voting” 6;D O45, affirmative 35, negative 0, ballots marked 
“not voting” 7; D 646 , affirmative 34, negative 0, ballots 
marked “not voting” 8. 
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plement to Book of A.S.T.M. Stand- 
ards, Part III. 


New Tentative STANDARDS 


ae The committee recommends that the 
following new methods be accepted for 
publication as tentative, as appended 


Tentative Methods of Test for: 


Pentosans in Paper, 

Conditioning Paper and Paper Products for 
Testing, 

Quantitative Determination of Coating on 
Mineral-Coated Paper, 

Internal Tearing Resistance of Paper, and 

Qualitative Examination of Mineral Fillers and 

ae Mineral Coatings of Paper. pty 


vite 
II. Revisions oF TENTATIVE 
STANDARDS 


. The committee recommends revisions 
in two tentative standards as given in 
Metall below: 


eight of Paper and Paper Products 


and the omission of the waits in 


brackets: 


sets of] the same from the same 
shipment and on. different apparatus] shall 
agree within 2 per cent. 


Tentative Method of Test for Moisture 
i Paper (D 644-41T):* The following 
minor changes are recommended in this 
method so that it will also be applicable 
to testing paperboard and fiberboard con- 
tainers. The inclusion of these changes 
in the method will relieve Subcommittee 
IV on Paperboard and Fiber Containers 


2 These methods were accepted as tentative by the 
Society and appear in the 1942 Book of A.S.T.M. Stand- 


ards, Part III, pp. 1022, 1013, 1020, 1025, 1016, respectivel 
31941 Supplement to Book of A.S.T.M. Standar s, 


| 


‘ 


Report oF COMMITTEE D-6 


from preparing a separate method for 
the determination of moisture for paper- 
board and fiberboard containers.. 

Title.—Change the title of this method 
by the addition of the words, ‘‘Paper- 
board, and Paperboard and Fiberboard 
Containers.” 

Section 1.—Change to read as follows 
by the addition of the italicized words: 


1. This method covers the procedure for 
determining moisture in all papers, paperboards, 
fiberboard and paperboard containers, except 
those containing matter other than water vola- 
tile at 100 to 105 C. 


Section 2 (a).—Change to read as fol- 


_ lows by the addition of the italicized 
- words and the omission of the words in 


brackets: 


(a) Weighing Container —Either a_ wide- 
mouth, glass-stoppered bottle or an airtight 
metal container, or any other suitable airtight 
container, depending [up]on the size of the 
[specimen] sample required. 


Section 3.—Add a new Paragraph (c) 
to read as follows: 


(c) When the moisture is determined on com- 
bined board or containers which are to be tested 
for other physical properties, samples shall 
weigh approximately 50 g. and shall be taken 
so as to be representative of the material being 
tested. Samples shall be cut from unsealed 
sections and preferably from unprinted sections 
of the container, and shall be taken from each 
type of container being tested. 


Section 5.—Reletter Paragraph (6) as 
(c) and add a new Paragraph (6) to read 
as follows: 


(6) When the percentage of moisture based 
on bone-dry weight is required, it shall be calcu- 
lated as follows: 


W, — W, 


Moisture, per cent = 


where: 
W, = weight of original sample, and 
W, = weight of sample after drying. 
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III. Apoprion oF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
following six tentative standards be ap- 
proved without change for reference to 
letter ballot of the Society for adoption 
as standard: wide 


Tentative Methods of Test for: 
Sampling Paper and Paper Products @s 585 - 
40 T), 


Ash Content of Paper and Paper Products (D 
586 - 40 T), 
Casein in Paper (Qualitative) (D 587 - 40 T), 
Alpha-, Beta-, and Gamma-Cellulose in Paper 
(D 588 — 40 T), 
Paraffin Content of Waxed Paper @ 590 - 
40 T), and 
Starch in Paper (D591-40T) 
These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 54 voting 
members; 37 members returned their 
ballots, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Paper Testing 
Methods (W. R. Willets, chairman) has 
held two meetings during the year and 
has continued its critical study of various 
methods of test, which have been ap- 
proved by T.A.P.P.I., and is active in de- 
veloping new methods of test. 

The subcommittee has completed the 
following five new methods of test, which 


Methods of Test for: 4 


Pentosans in Paper, 
Conditioning Paper and Paper Products for 
Testing, 
Internal Tearing Resistance of Paper, 
Quantitative Determination of Coating on 
Mineral-Coated Paper, and 
Qualitative Examination of Mineral Filler and 
Mineral Coating of Paper. 


The six tentative methods being 
recommended for adoption as standard, 


as mentioned earlier in this report, are 
under the jurisdiction of this sub- 
committee. 

In addition, the subcommittee recom- 
mends that the Tentative Method of 
Test for Opacity of Paper and Paper 
Products (D 589-40 T) be retained as 
tentative. This method at present de- 
termines opacity by the contrast ratio. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


|Affirma-| Nega- 
Items tive | tive 


I. New TENTATIVE STANDARDS 


| in P; 0 
est for nditioning ‘aper 
and Paper Products for 
Test Quantitative Deter- 
mination of Coating on 
Mineral-Coated Paper 28 0 
Test for Internal Tearing 
Resistance of Paper. ‘ 
Test for Qualitative Examina- 
tion of Mineral Fillers and 
Mineral Coatings of Paper... 28 0 


II. Revisions or TENTATIVE 
STANDARDS 

Test for Basis Weight of Paper 

ont paves Products (D 646 - 


Test for we in 
(D 644 - 41 T).. , 34 0 3 


III. Apoprion or TENTATIVE 


STANDARDS AS STANDARD x 
Test for Sampling of Paper and :: ir 
Paper Products (D 585 - “as 
40 T 33 0 4 
Test for Ash Content of Paper Saat 
and Paper Products (D 586 - ie 
Test for Casein in Paper . Cae 
(Qualitative) (D 587-40 T).| 29 0 
Test for Alpha-, Beta- 
Gamma-Cellulose in Paper 
Test for Paraffin Content of 4 
Waxed Paper (D 590-40T).| 30 0 7 ve 
Test for Starch in Paper 
(D 591 - 40 T 


30 0 7 


It is not suitable, however, for measuring 
printing opacity, and therefore its adop- 
tion as standard is not recommended at 
this time. Considerable work is now 
being carried on in an effort to revise this 
method as soon as possible to include a 
test procedure for printing opacity. 

At the present time, methods on the 
following subjects are being given con- 
sideration by Subcommittee I: 
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Surface Strength, 


Heat Test for Relative Stability, bo 
Water Vapor Permeability, 
Tensile Strength, 
Wire and Felt Side, 
Wet Tensile Strength, 
Curl, 
2 Inflammability, 


Turpentine Test for Gueme Resistance of 
Paper, and 
; Alkali Staining Property of Paper. 


A 


In addition to the above, work has 
been completed on the following pro- 
posed methods, which have been re- 
ferred to the Joint A.S.T.M.-T.A.P.P.I. 


Committee for action: 


__ Kerosine Number for Roofing and Flooring 
Felts. 
Air Resistance of Paper. 


Subcommittee II on Significance of 
Test Methods (C. C. Heritage, chairman) 
+ be held one meeting during the year at 
haa which further work was accomplished on 
shah a the preparation of a monograph covering 
the significance of tests of paper and on 
definition of terms, nomenclature, and 
ps. properties of paper. Several chapters 
ee, have been prepared and submitted to the 
various members for criticism. It is 
nt planned to have another meeting of this 
af subcommittee during the annual meeting 
ced pay of the Society in June. The work of this 
subcommittee has necessarily been de- 
layed due to the conditions caused by the 
National Emergency. 


3 Fiberboard Containers (R. L. Beach, Secretary, — 
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chairman) has held no meetings during 
the year as the work of this subcom- 
mittee has had to be temporarily sus- 
pended during the National Emergency 
because the individual members directly 
concerned with the investigations which 
were in progress are devoting their entire 
time to the war effort. However, during 
the year, Subcommittee IV assisted 
Subcommittee I in revising the Tenta- 
tive Method of Test for Moisture in 
Paper (D 644-41 T) so that it would 
also cover paperboard and fiberboard 
containers. 


This being the year for election of 
officers, a Nominating Committee con- 
sisting of the chairmen of the Sub- 
committees of D-6, that is, Messrs. C. C. 
Heritage, R. L. Beach and W. R. Willets, 
was authorized to submit nominations 
for officers of the committee for the next 
two years. The following nominations 
were recommended and will be voted on 
at the meeting of Committee D-6 held 
during the annual meeting of the 
Society : 

Chairman, L. S. Reid. 

Vice-Chairman, M. A. Krimmel. 

Secretary, G. H. Harnden 


This report has been submitted to 
letter ballot of the committee, which 
consists of 54 voting members, 37 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. S. Rem, 
Chairman. 
G. H. HARNDEN, 
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Committee D-7 on Timber held two 
meetings during the year in Chicago, 
Ill., one on June 26, 1941, and the other 
on March 17, 1942. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 

The committee recommends for im- 
mediate adoption the revision of the 
Standard Method of Test for Distillation 
of Creosote (D 246-39) as appended 
hereto,! and accordingly asks for a 
favorable nine-tenths vote at the annual 
meeting in order that this recommenda- 
tion may be referred to letter ballot of 
the Society. Subcommittee VI on Tim- 
ber Preservatives (C. S. Reeve, chair- 
man) prepared this revision which per- 
mits the use of an electric heater and 
means for controlling its operation, in- 
asmuch as there has been a demand for 
such an alternate method, particularly 
for locations where gas is not available. 
The Preservatives Committee of the 
American Wood-Preservers’ Association 
made a comprehensive comparison of the 
two methods of heating and the data in 
support of permitting the use of the 
specified electric heater were published 


of 


1 This revised method was adopted as standard Sd the 
Society and appears in the 1942 Book of A.S.T.M. Stand- 
ards, Part II, p. 679. 
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OF COMMITTEE D-7 


in the 1940 Proceedings of the A.W.P.A. 
The recommended revision of Method 
D 246 brings it into accord with the 
present A.W.P.A. standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 24 members; 21 mem- 
bers returned their ballots of whom 19 
have voted affirmatively, 0 negatively, 
and 2 members marked their ballots 
“not voting.” 

The various standards for timber and 
timber preservatives under the jurisdic- 
tion of this committee that have been 
published for a period of six years or 
more are being continued as standard 
without revision. 


This report has been submitted to 
letter ballot of the committee which 
consists of 24 members; 18 members 
returned their ballots, of whom 17 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
HERMANN VON SCHRENK, 
Chairman. 


J. A. 
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Committee D-8 on Bituminous Water- 
proofing and Roofing Materials has held 
two meetings during the past year: in 
Chicago, Ill., on June 24, 1941, and in 

Cleveland, Ohio, on March 5, 1942. 

_ Subsequent to the 1941 annual meet- 
ing Committee D-8, jointly with Com- 
mittee D-4 on Road and Paving Mate- 
rials, presented to the Society through 
Committee E-10 on Standards the Ten- 
tative Volume Correction Table for Tar 
and Coal-Tar Pitch (D 633-41 T). 
This recommendation was accepted! by 
Committee E-10 on August 25, 1941, 
and the new tentative standard appears 
in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part II. 

Committee D-8 also referred to Com- 
mittee E-8 on Nomenclature and Defini- 
tions proposed tentative definitions for 
the terms Asphalt, Mineral Filler, 
Finely Powdered Mineral Filler, Rag 
Roofing Felt, Saturated, Dampproofing 
and Waterproofing, which were de- 

veloped by its Subcommittee I on 
Nomenclature and Definitions (C. S. 
Reeve, chairman.) 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IT on Prepared Roofings 
and Shingles (M. R. Beasley, chairman). 
_—During the past year this subcom- 
mittee has been engaged in developing 
specifications for asphalt siding surfaced 

1In submitting this recommendation to Committee 
E-10 on Standards, ittee D-8 reported the following 
results of the letter ballot vote of a total of 32 ballots re- 


turned from a committee membership of 59: Affirmative 
30, negative 0, and 2 ballots marked “‘not voting.” 


REPORT OF COMMITTEE D-8 
ON 


with coarse mineral granules and for 
insulated type asphalt siding surfaced 
with coarse mineral granules. It is ex- 
pected that these will shortly be referred 
to letter ballot of Committee D-8 for 
recommendation to the Society. Sub- 
committee II has also cooperated with 
Committee D-6 on Paper and Paper 
Products in developing a satisfactory 
procedure for determining kerosine num- 
ber for roofing and flooring felt. 


EMERGENCY ALTERNATE PROVISIONS 


Committee D-8 has recommended to 
Committee E-10 on Standards that under 
the established procedure for emergency 
requirements a sticker be attached to the 
Tentative Specifications for Asphalt 
Roofing Surfaced with Coarse Mineral 
Granules (D 249 —- 41 T) and Tentative 
Specifications for Asphalt Roofing Sur- 
faced with Powdered Talc or Mica 
(D 224-41 T) providing that the re- 
quirement for protective coating on 
nails furnished with the roofing may 
be suspended. These Emergency Alter- 
nate Provisions were accepted by Com- 
mittee E-10 on May 11, 1942, and 
have been published as stickers for at- 
tachment to the specifications to which 
they apply. 

I. New TENTATIVE STANDARDS 

Committee D-8 recommends that the 
following two new tentative specifica- 


tions developed by its Subcommittee IV 
on Membrane Waterproofing and Built- 
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Up Roofing (E. H. Berger, chairman) be 
accepted for publication as tentative: 


Tentative Specifications for: 


Coal-Tar Pitch for Steep Built-Up Roofs? 
(published as an appendix to the 1941 annual 
report of Committee D-8), and 

Asphalt Saturated and Asphalt Coated Asbestos 
Felts for Use in Constructing Built-Up Roofs.* 


II. REvistIon OF TENTATIVE STANDARD 


Tentative Specifications for Asphalt 
for Dampproofing and Waterproofing 
(D 449 - 37T).*—Committee D-8 feels 
that these specifications should be ex- 
panded to include a third type of as- 
phalt suitable for exposure tempera- 
tures above 125F. (52C.). The com- 
mittee therefore recommends that this 
tentative standard be revised as follows 
and continued as tentative: 

Section 4.—Change the introductory 
sentence to indicate that three types of 
asphalt are covered by these specifica- 
tions rather than two and add the follow- 
ing paragraph covering Type C: 


Type C.—An asphalt less susceptible to tem- 
perature than Type B, with good adhesive 
properties for use above ground level where 
exposed on vertical surface in direct sunlight or 
at temperatures above 125 F. (52 C.). 


Section 5.—In Table I, add the follow- 
ing requirements for Type C: 


Type C 
Min. Max. 


170 F. 200 F. 


Flash point (Cleveland open 

Penetration: 

0 C. (32 F.), 200 g., 60 sec... 10 

25 C. (77 F.). 100 g., 5 sec.... 20 

46 C. (115 F.). 50 g., 5 sec.... san 100 
Ductility at 25 C. (77 F) G 

cm. per min.), cm.... 2 2.5 

on heating at 163 C. 

(325 F.), 50g., 5 hr., per cent. tee 1 

Penetration ofresidus, percent 


of original...... 60 
Total bitumen soluble in car- 

bon disulfide, per cent. i 
Proportion of bitumen soluble 

tetrachloride, per 


III. ReEvis1on oF STANDARD, IMMEDIATE 
ADOPTION 


Standard Specifications for Coal-Tar 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (D 227 - 41).5—In order to bing 
these specifications in line with a pro- 
posed Federal Specification, Committee 
D-8 recommends that the following re- 
vision be incorporated in this standard 
without publication as a tentative re- 
vision. The committee accordingly 
requests the necessary nine-tenths af- 
firmative vote at the annual meeting 
in order that this recommendation may 
be referred to letter ballot of the Soci- 
ety: 

Section 3.—Change the last sentence 
to read as follows by the omission of the 
words in brackets: 


The surface of the felt shall be uniformly 
smooth. Upon splitting or tearing on the bias, 
the felt shall appear reasonably free from lumps 
of underbeaten stock (that is, stock which has 
not been beaten or shredded into fiber in the 
process of manufacture) and particles of foreign 
substances (that is, fragments of stone, metal, 
leather, rubber, [straw, wood,] etc.). 


Section 7.—Change the requirement 
for pliability to read as follows by the 
addition of the italicized figure, and the 
omission of the figure in brackets. 


Pliability at 77 F. (25 C.)...at least 10 [8] out of 10 strips 
shall not crack when bent 


+ 90 deg. at a uniform speed 
i ental over a rounded corner of 


STANDARDS AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 


* These specifications were accepted as tentative by the 
Society and appear in the 1942 Book of A.S T.M. Stand- 
ards, art II, 

ese specifications were accepted as tentative by the 
Socie and poner in the 1942 Book of A.S.T.M. Stand- 
ards, Part II, p. 1301. 

1939 Book of Part II, p. 1059. 

51941 Supplement to Book of AS.T.M. ‘Standards, 
Part II, p. 144. 
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the Society for adoption as standard 
with revisions ag indicated: 

Tentative Specifications for Asphalt- 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (D 226-41 

Section 4.—Make the same change in 
this section as is recommended above in 
Section 3 of Specifications D 227 — 41. 

Section 6.—In the table change re- 


quirement for pliability to read as fol- _ 


lows by the addition of the italicized 


_ figure and the omission of the figure in 


brackets: 


Pliability at 77 F. (25 C.).. cers 10 (8) strips out of 10 


1 not crack when bent 

90 deg. at a uniform s 

over a rounded corner 
In the table change item on breaking 
strength to read as follows by the addi- 
tion of the italicized word and figures: 


Average breaking strength at 77 F. (25 C.) 


Tentative Specifications for Woven Cot- 
ton Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing 
(D 173 - 40 T):’ 

Section 6.—Change to read as follows 
by the addition of the italicized figure 
and the omission of the figure in 
brackets: 


6. The selvage shall not measure over 1/4 
in. 


Tentative Methods of Testing Films 
Deposited from Bituminous Emulsions 
(D 466 - 38 T):° 

Section 2 (a).—Change to read as 
follows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 


(a) Brass Mask.—A brass mask approxi- 
mately ,; in. in thickness with a rectangular 
opening 4 by 4 in. [of at least 12 sq. in.]. 


Section 5 (b).—Change third and last sen- 
tences to read as follows by the addition 


Supplement to Book of A.S.T.M. Standards, 

art 

oid Supplement to Book of A.S.T.M. Standards, 
Pp. 

t {930 Book A.S.T.M. Standards, Part II, p. 1068. 


of the italicized ite and the omission 
of the word in brackets: 


After 24 hr. the character of the bituminous 
film shall be noted by cutting and attempting to 
lift a portion of the submerged area with a knife 
or teasing needle. 

Re-emulsification is indicated if the water 
becomes darkened by rubbing the submerged 
[wet] surface of the «uncut film lightly with a 


_ rubber policeman. 


_ \V. REVISION AND REVERSION TO 
TENTATIVE OF STANDARD 


Standard Specifications for Asphalt- 
Saturated Asbestos Felt for Use in Con- 
structing Built-Up Roofs (D 250 - 27).— 
A tentative revision of these specifica- 
tions was issued in 1939. During the 
past year these specifications have been 
further expanded and completely re- 
vised, and Committee D-8 now recom- 
mends that the present standard speci- 
fications be reverted to tentative as 
revised. The revised specifications are 
appended hereto. 


VI. WITHDRAWAL OF TENTATIVE 
STANDARD 


Tentative Specifications for Asphalt 
Roofing Surfaced with Fine Mineral 
Granules (D 248-41T). — Because it 
has been found that roofing meeting 
these specifications is manufactured as 
a specialty by only one or two producers, 
Committee D-8 recommends that they 
be withdrawn. 


VII. Eprror1AL CHANGES IN STANDARDS 


Standard Specifications for Creosote 
for Priming Coat with Coal-Tar Pitch 
in Dampproofing and Waterproofing 
(D 43 - 

Section 2.—In the tabulation add a 
footnote reference letter a following the 
words “Consistency at 5 C. (41 F.)” 
and add a new footnote a to read as 
follows: 


* This recommendation was accepted by the Society 
and the revised specifications appear in the 1942 Book of 
A.S T.M. Standards, Part II, p 1299 

10 1941 Supplement to Book of A.S.T.M. Standards, 


Part II, pp. 134, 366, 369, 360, 357. sid eae 
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* The = te shall we rated as crystal free, minous Substances for Use in Water- 
if no crys' are formed when 100 ml. of the oofing and Roofing (D 146-38 T).™— 
sample are maintained at a temperature of 5 C. D-8 the 
(41 F.) for 3 hr. in a 125-ml. Erlenmeyer flask 


with occasional stirring. following revision be incorporated in 


Tentative Specificati f t sphalt these methods and accepted as an 
entative Specifications for Asphalt gaitorial ch k 
Roofing Surfaced with Powdered Talc or a ee 


: ‘ the methods consistent with certain 
Mica (D 224-41 T):"° 
Section 3.—Change the second sen- _TASLEL—ANALYSIS OF LETTER BALLOT VOTE. 
tence from its present form to read as Ballots 
Voting”’ 
The surface of the felt shall be uniformly gies 
1 smooth. Upon splitting or tearing on the bias, I. New Tentative Sranparps 
the felt shall appear reasonably free from lumps _Spec. ton, Coal-Tar Pitch for 
1- of underbeaten stock (that is, stock which has gg a? 
— not been beaten or shredded into fiber in the and Asphalt Coated Asbestos gee 
process of manufacture) and particles of foreign 30 0 
substances (that is, fragments of stone, metal, 
leather, rubber, etc.). STANDARD rie 
Spec. for Asphalt for Damp- 
e- Section 4.—Change to read as follows "proofing | 
n- by the addition of the italicized words yyy. Revision oF STANDARD, Wes 
and the omission of those in brackets: IumepiaTE ADOPTION 
Spec. for Coal-Tar Saturated 
as 4. The bitumen of the saturant and coatings ag 
ire shall be composed [principally] of asphaltic Roofs 
IV. Aporrion or TENTATIVE 
. STANDARDS AS STANDARD 
Shingles Surfaced with Coarse Mineral 
a - 
alt | Granules (D 225 41 structing Built-Up 
Sections 3 and 4.—Make the same spec. for Woven Cotton Fa- 
“it | Change in these sections as is recom- 4 Use 
* mended above in Sections 3 and 4 of VaterProofing ‘ 
ing Specifications D 224-41 T of Films De- 
as ‘ posted ituminous 
Tentative Specifications for Asphalt tlsions (D 466 ~ 38 T)....| 30 1 
? ; V. REVISION AND - 
hey Roofing Surfaced with Coarse Mineral Revision Reversion 
Granules (D 249 — 41 T) a Spec. for Asphalt-Saturated Tals 
Sections 3 and 4.—Make the same Feit for 
RDS | change in these sections as is recom- (P 
mended above in Sections 3 and 4 of co 
itch | Specifications D 224 — 41 T. Spec. for Asphalt Roofi ae 
1 Surfaced with Fine Minera 
fing Tentative Specifications for Wide Sel- Granules (D 248 - 41 T)..... 30 0 6 


vage Asphalt Roofing Surfaced with Coarse 


id a Mineral Granules (D 371-41 existing A.S.T.M. specifications which 
the Sections 3 and 4.—Make the same _ refer to this tentative standard. 
py” change in these sections as is recom- Section 12 (a).—In the third sentence 
d as mended above in Sections 3 and 4 of change the temperature at which the o 
Specifications D 224 — 41 T. specimens are tested from “70 F. (21.1 4 "a 
Tentative Methods of Testing Felted C.)” to read “77 F. (25C.).” ~ ie 
et | and Woven Fabrics Saturated with Bitu- ‘ 


11 1939 Book of A.S.T.M. Standards, Part II, p. 1107. 
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Roll Roofing, Cap Sheets, and Shingles 
(D 228-37T)."—The committee rec- 
ommends that the following change 
be incorporated in these methods and 
accepted as a correction of a typograph- 
ical error. 

Section 25 (a).—In the table on report- 
_ ing of results change the first item to read 
as follows by the addition of theitalicized 
_ figures and the omission of those in 
brackets: 


; 3 Tentative Methods of Testing Asphalt 


Weight of Min- 
Retained on eral Matter el 
Passing Sieve Sieve 108 sq. f 
No. 6 (3360-mi- No. 14 [100] (1410- 
cron) 149] micron) 


VIII. STANDARD AND TENTATIVE 
STANDARD CONTINUED WITHOUT 
REVISION 


Committee D-8 recommends that the 
_ following method of test and recom- 
mended practice be continued without 
change: 


Standard Method of Test for Steam Distilla- 
tion of Bituminous Protective Coatings (D 255 
- 28), and 


12 1999 B Book of A. S. T.M. Standards, Part II, p. 1115. 


REporT OF COMMITTEE D-8 


Tentative Recommended Practice for Acceler- 
ated Weathering Test for Bituminous Mate- 
rials (D 529 - 39 T). 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which 
consists of 58 voting members; 36 
members returned their ballots with 
the results shown in Table I. 


At a meeting on June 23, 1942, the 
following officers were elected for the 
ensuing term of two years: 


Chairman, J. M. Weiss. re 
Vice-Chairman, E. H. Berger. 


Secretary, Prévost Hubbard. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 58 voting members; 36 members 
returned their ballots, of whom 33 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. M. WEIss, 
Chairman. 
Prévost HUBBARD, 


ait. 


ving 


New Tentative Specifications for: 


and 
; 5 Revision of Tentative Methods of: 


cf 


Subsequent to the annual meeting, Committee D-8 presented to the Society 
~ through Committee E-10 on Standards the following recommendations: 


Asphalt Siding Surfaced with Coarse Mineral Granules (D 699 - 42 T), 


Revision of Tentative Specifications for: 
wer Asphalt Roofing Surfaced with Coarse Mineral Granules (D 249 - 41 T), 


Testing Asphalt Roll Roofing, Cap Sheets, and Shingles (D 228 — 37 T). 


These recommendations were accepted by Committee E-10 on November 9, 
te z 1942, and the new and revised tentative standards appear in the 1942 Book of 
A.S. T. M. Standards, Part II, pp. 1317, 1307, and 1328. 


meeti 
the n 
Plasti 
betwe 
large 
both 
At 
were | 
to or 
for wi 
Other 
are m 
Sub 
ing, 
Societ 
Stand: 


tions: 


Test for 
(D 37 
Tentativ 
Testing 
Insul: 
follow 


ia 
teh 
: 
Cor 
| ing M 
the ye 
annua 
One 
York, 
1941, 
| | = 
| 
| 
New Lt 
Molds { 
Used 
New Te 
Produc! 
Sheet 
Revision 
Samplir 
| 


ON 


Committee D-9 on Electrical Insulat- 
ing Materials held two meetings during 
the year and will hold a third during the 
annual meeting of the Society in June. 
One of the meetings was held in New 
York, N. Y., on September 29 and 30, 
1941, and the other in Philadelphia, Pa., 
on February 17 and 18, 1942. These 
meetings were held in conjunction with 
the meetings of Committee D-20 on 
Plastics because of the close cooperation 
between the two committees and the 
large number of members who serve on 
both committees. 

At these meetings recommendations 
were made which resulted in additions 
to or changes in some of the standards 
for which Committee D-9 is responsible. 
Other projects which are still under way 
are mentioned later in this report. 

Subsequent to the 1941 annual meet- 
ing, Committee D-9 presented to the 
Society through Committee E-10 on 


Standards the following recommenda- 
tions: 


New Tentative Specifications for: 


Molds for Test Specimens of Molding Materials 
Used for Electrical Insulation (D 647 - 41 T), 

New Tentative Methods of Test for: 

Product Uniformity of Phenolic Laminated 
Sheets (D 634 - 41 T), 

Revisions of Tentative Methods of: 

Sampling and Testing Untreated Paper Used in 
Electrical Insulation (D 202 - 40 T), 

Test for Thickness of Solid Electrical Insulation 
(D 374 - 36 T), 

Tentative Revisions of Standard Methods of: 

Testing Molded Materials Used for Electrical 
Insulation (D 48 39), in the form of the 
following five new tentative methods: 


ee ELECTRICAL INSULATING MATERIALS 


Testing Molded Materials Used for Electrica’ 
Insulation (D 48 - 41 T), 

Test for Distortion Under Heat of Molded Elec- 
trical Insulating Materials (D 648 - 41 T), 

Test for Compressive Strength of Electrical In- 
sulating Materials (D 649 - 41 T), 

Test for Flexural Strength of Electrical Insu- 
lating Materials (D 650 - 41 T), 

Test for Tensile Strength of Electrical Insulating 
Materials (D 651 - 41 T), 

Testing Shellac Used for Electrical Insulation 
(D 411 - 40), and 

Test for Impact Resistance of Electrical Insu- 
lating Materials (D 256 — 38), in the form of 
new Tentative Methods of Test for Impact 
Resistance of Plastics and Electrical Insu- 
lating Materials (D 256 - 41 T). 


These recommendations were ac- 
cepted’ by Committee E-10 on August 
25, 1941. 

On October 22, 1941, Committee E-10 
accepted! for publication new Tentative 
Methods of Measuring Mica Stampings 
Used in Electronic Devices and Incan- 
descent Lamps, which bear the A.S. 
T.M, serial designation D 652 — 41 T. 

A revision of the Tentative Method 
of Test for Power Factor and Dielectric 
Constant of Natural Mica was approved! 
by Committee E-10 on January 26, 
1942. This method as revised now 
bears the designation D 351-42 T. 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee D-9 reported the following 
results of the letter ballot vote of a total of 55 ballots re- 
turned from a committee membershi: of 96: D 647, affirma- 
tive 26, negative 2, ballots “not voting” 27; D 
634, affirmative 22, negative 0, ballots marked “‘not voting” 
33; 'D 202, affirmative 28, negative 0, ballots marked “‘not 
voting” 27; D 374, affirmative D 0, ballots 
“not voting” 19; D 48, D 648 
1, affirmative 26, negative 2, ballots marked “not voting” 
2; 411, affirmative 23, negative 0, ballots marked “not 
tive 30, negative 0, ballots 
marked “not voting” 25; D 652, 63 ballots returned: 
tive negative 0, ballots marked “not voting”’ 
37; D 351, 62 affirmative 30, negative 0, 
ballots marked ‘“‘not voting” 32 
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RECOMMENDATIONS AFFECTING 
STANDARDS 


As a result of the year’s work, the 
committee is submitting five new tenta- 
tive standards, revisions of four tenta- 
tive standards and two standards, ten- 


listed in Table I. The recommenda- 
tions being presented are included in 
Appendix I, each pro revision 
being accompanied by a brief reason for 
the revision. 

These recommendations have been 
submitted to letter ballot of the com- 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Items Affirmative Negative Marked 
“Not Voting” 
I. New TENTATIVE STANDARDS 
Test for Sludge Formation in Mineral Transformer Oil*.. 21 Ow 30 
Testing Steatite Used as Electrical Insulation............................ 23 0 33 
Testing Vulcanized Fiber Used for Electrical Insulation (to replace Tenta- 

Measuring Dimensions of Rigid Tubes Used in Electrical Insulation. ...... 27 0 29 
Test for Power Factor and Dielectric Constant Parallel 1 Laminations 

of Laminated Sheet and Plate Insulating Materials. . iens Guiles canes 31 0 25 

Il. Revisions or TENTATIVE 
Spec. for Molds for Test Spockanas of Molding Materials Used for Elec- 

Test = ees Strength of Electrical Insulating Materials (D 649 - 

Test for Flexural Strength of Electrical Insulating Materials (D 650 - 41 T). 30 0 25 
Test for Tensile Strength of Electrical Insulating Materials (D 651-41 T).. 3 0 25 

Ill. Revision or StanpARpD, ImmepIATE ADOPTION 
Test for Arc Resistance of Solid Electrical Insulating Materials (D 495 - 41) 30 0 26 
Testing Electrical Insulating Oils (D 117 - 40; ASA C59.2-1941)........... 24 3M 
IV. Tentative Revisions or STANDARDS 
Testing Electrical Porcelain (D 116 - 24 0 32 
Testing Sheet and Plate Materials Used in Electrical Insulation ® 229 - 39). 27 0 29 
Testing Laminated Tubes Used in Electrical Insulation (D — 39).. 26 ) 30 
Testing Laminated Round Rods Used in Electrical insulation ( @s 349 - = 9). 25 0 31 
Testing Shellac Used for Electrical Insulation (D 411 - 40).. 23 0 33 
V. Apoption or TENTATIVE STANDARDS AS 
Test for Thickness of Solid Electrical Insulation (D 374 - 41 T)............ 30 0 26 
Testing Pin-Type Lime Glass Insulators (D 468 - 39 T),? as revised. . 22 3 31 
Test for Water Absorption of Plastics (D 570- OD. = sas 27 0 22 
VI. Apoprion as STANDARD OF TENTATIVE REVISIONS OF STANDARD 
Testing Electrical Porcelain (D 116 - 23 2 31 
Testing Sheet and Plate Materials Used in Electrical Insulation (D 229 - 39). 28 0 28 
Testing Laminated Tubes Used in Electrical Insulation (D 348 - 39)... .. 26 0 30 
Testing Laminated Round Rods Used in Electrical Tasulation (D (D 349 - 39)... 25 0 31 
Testing Shellac Used for Electrical Insulation (D 411 - 40)............... 24 0 32 
VIL. Wrreprawat or STANDARDS 

Testing Molded Materials Used for Electrical Insulation (D 48 - 39; 

Test for hehe Resistance of Electrical | Insulating Materials ets 256 — 38; 

C59.11-1941).. 2 0 29 

VIII. Eprrortat CHANGE In STANDARD 

Testing Sheet and Plate Materials Used in Electrical Insulation (D 229 - 39). 29 0 27 


interests. 


3 producers, 0 consumers, 0 general interests. 


tative revisions of five standards, and 
recommending the adoption as stand- 
ard of three tentative standards, the 
adoption of revisions in five stand- 
ards, the withdrawal of two standards, 


and editorial changes in an existing 
standard. The standards affected are 


@ The classified vote on the proposed Tentative Methods of Test for Sludge Formation in Mineral Transformer Oil 
was as follows: Affirmative: 6 producers, 12 consumers, 3 general interests; negative: 5 producers, 0 consumers, 0 general 


The classified vote on the ade ption as standard of the Tentative Methods of Testing Pin-Type Lime-Glass Insu- 
lators, (D 468 - 39 T), as revised, was as follows: Affirmative: 3 producers, 13 consumers, 6 general interests; negative: 


mittee which consists of 96 voting mem- 
bers, with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Some of the projects now in progress 
are briefly mentioned in the following 
summary of subcommittee activities: 
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Subcommitiee I on Insulating Var- 
nishes, Paints and Lacquers (C. F. Han- 
son, chairman). — Work is now in 
progress looking toward the establish- 
ment of purchase specifications for 
both orange shellac and shellac varnish 
used for electrical insulation. 

Another round robin test of acid and 
alkali resistance has been completed. 
Test results from various laboratories 
were widely inconsistent. The consen- 
sus is that test specimens would have to 
be prepared with most meticulous care 
in an atmosphere entirely free of dust. 
These conditions are difficult to fulfill 
for commercial purposes. A survey is 
under way to find ways of approaching 
the problem from another angle. 

A section has been organized to pre- 
pare a description of the significance of 
the various tests described in the Stand- 
ard Methods of Testing Varnishes Used 
for Electrical Insulation (D 115 - 41). 

A method for determining the inter- 
nal drying of a saturant varnish is still 
under consideration. An effort is being 
made to develop a test under a condition 
which simulates conditions existing in 
practice. When this procedure is at- 
tempted several problems arise which are 
not easy to solve. 

Subcommittee II on Molded Insulating 
Materials (W. A. Evans, chairman).— 
Proposed specifications for phenolic 
molding materials which provide four 
classifications of materials have been 
prepared It is felt, however, that the 
classification should be extended to in- 
clude seven classifications as in the Navy 
specification. After this draft has been 
revised it will be distributed for com- 
ment. 

Specified values for the electrical tests 
on phenolic materials are being prepared 
for comment. Where values are not 
available, specimens will be submitted 
to round robin tests from which sug- 
gested values may be obtained. hea 


On ELEctRICAL INSULATING 


Subcommittee III on Plates, Tubes and 
Rods (Dean Harvey, chairman).—In 
order to simplify and facilitate the work 
of Subcommittee III, the organization 
of the sections has been studied and con- 
solidations are being made. A new 
Section 1 on Mechanical Properties, 
under the chairmanship of W. A. Zin- 
zow, has taken over the work of four 
former sections; a new Section 2 on 
Electrical Properties, with S. W. Place, 
as chairman, has replaced two former 
sections. Other changes are under con- 
sideration. Mr. G. H. Mains has been 
appointed vice-chairman of the subcom- 
mittee. 

The Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (D 256-41 T), 
prepared jointly by Committee D-9 and 
Committee D-20 on Plastics have been 
approved by the subcommittee. 

A study is being made of the signifi- 
cance of the \arious tests which have 
been developcu, and statements are 
being prepared. 

The preparation of specifications for 
the various materials coming within the 
scope of the subcommittee has been 
under consideration, and a study is being 
made to determine those which are 
most needed by the Government and 
other organizations in the war program. 

Considerable progress has been made 
in the study of the flexural strength test 
to determine the effect of various factors 
upon the accuracy of this test. A 
report on power factor measurements 
parallel with laminations of phenolic 
laminated sheet has been prepared by 
Section O and appears in Appendix II. 

Subcommittee IV on Liquid Insulation 
(E. A. Snyder, chairman).—Committee 
D-2 on Petroleum Products and Lubri- 
cants has recommended that the Methods 
of Test for Neutralization Number of 
Petroleum Products and Lubricants 
(D 188-41T) be withdrawn and re- 
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placed by the Proposed Tentative Meth- 
ods of Test for Neutralization Number of 
Petroleum Products by Electrometric Ti- 
_ tration and by Color-Indicator Titration. 
Tests will be conducted to determine 
whether these new proposed methods 
are satisfactory for insulating oils and, 
if, so, they will be adopted in place 
of Methods D 188 41 T. 
Although the Methods of Test for 
_ Sludge Formation in Mineral Trans- 
_ former Oil? are being submitted as a 
_ tentative standard, it should be noted 
that the work to date has resulted merely 
in developing test procedures which 
4 give checkable test results but that the 
coordination of these test results with 
actual operating conditions has, as yet, 
not been developed. A historical sur- 
vey of the development of the sludge 
test methods from 1926 to 1942 has been 
prepared by A. E. Flowers and is pre- 
sented in an appendix* to this report. 
‘This survey shows the enormous amount 
of work performed by the subcommittee 
and the difficult task it had in eliminat- 
ing the discrepancies in test results be- 
tween cooperating laboratories. 
On recommendation of the subcom- 


name “‘Askarel’’ adopted by the National 
Electrical Manufacturers Association to 
designate synthetic noninflammable in- 
sulating liquids. Proposed methods of 
test have been prepared covering all 
characteristics of Askarels except free 
chlorides, refractive index, dielectric 
strength, and analysis of arc gases. 
Procedures for these four tests are now 
being developed. 
The proposed method of determining 

dielectric strength of insulating oils 
"issued as a tentative revision‘ of Stand- 
ard Method D 117-40 is being con- 


oo tinued as tentative, pending a revision 

‘aS 2 See p. 371 

896,» 


* 41940 Supplement to Book of A.S.T.M. Standards, 
> 4 Part III, p. 567; also 1941 Supplement, Part ITI, p. 632. 
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of the procedure or method of mixing 
the sample prior to making the dielectric 
strength test. 

The significance of the tests for 
color, neutralization number, dielectric 
strength, and mineral acids has been 
approved and submitted to Subcom- 
mittee XI on Significance of Tests. 

The section working on the develop- 
ment of a test to determine quantitatively 
small amounts of moisture in insulating 
oil is conducting round robin tests on a 
number of proposed test’ methods and 
is making satisfactory progress. 

The section developing test methods 
to determine the gas content of oil is 
making progress on improving the ap- 
paratus in respect to methods of heating 
the sample, measuring the vacuum and 
condensing vapors. Progress is also 
being made in designing suitable con- 
tainers for satisfactorily maintaining 
the original gas content of the oil. 

Subcommittee V on Ceramic Products 
(Porcelain, Glass, Etc.) (L. J. Cavanaugh, 
chairman).—The results of a_ recent 
series of round robin tests on compres- 
sive strength of steatite have been re- 
ceived. Although all data have not 
been tabulated, the results indicate 
satisfactory agreement between labora- 
tories when using soft steel cushions in 
place of blotting paper cushions. 

A new section is being appointed to 
formulate -product specifications for 
steatite. 

The American Institute of Electrical 
Engineers is being asked to make pro- 
visions for lime-glass insulators in their 
proposed standard on insulator tests. 

Subcommittee VI on Solid Filling and 
Treating Compounds (R. H. Titley, 
chairman).—The section working on the 
problem of a method of determining the 
solubility of filling and treating com- 
pounds in oil, reports progress. Up to 
the present no suitable accelerated test 

has been developed but it is hoped that 
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As a result of discussion in the sub- 
committee, it does not seem advisable 
to recommend the adoption as stand- 
ard at this time of the Tentative Meth- 
ods of Testing Solid Filling and Treating 
Compounds Used for Electrical Insu- 
lation (D 176-40 T). 

Subcommittee VII on Electrical Tests 
(J. A. Scott, chairman).—Work has con- 
tinued on thermal conductivity tests. 
A method based on the customary hot 
plate arrangement was drawn up, but 
action was withheld pending study of 
two more rapid methods—one the 
Dannatt-Metropolitan Vickers method 
and the other the Cenco-Fitch method. 

The Section on Insulation Resistance 
has become interested in current time 
curves. While recognizing the difficulty 
at present of using these in routine 
tests, their study should be informa- 
tive. 

Recommendations on cells for power 
factor tests on cable oils and the handling 
of samples were given informally to 
Subcommittee IV, and assistance will 
be continued to prepare these for inclu- 
sion in the oil test methods. 

Subcommittee VIII on Insulating 
Papers and Fabrics (R. W. Chadbourn, 
chairman).—Work is progressing jointly 
between Committee D-9 and Committee 
D-6 on Paper and Paper Products in the 
determination of a method for obtaining 
the pH value of paper samples. The 
reason for the previous discrepancies 
has apparently been determined and a 
proposed method of test is to be cir- 
culated for approval for conducting the 
round robin tests. 

Work has been progressing on review- 
ing methods of mechanical tests for 
papers proposed by Committee D-6. 
However, it has been tentatively agreed 
that it is undesirable to attempt to 
accept individual methods as they are 
completed by Committee D-6 but to 


On MATERIALS 


one can be obtained in the near future. 


wait until all of its methods are com- 
pleted and review them as a whole. 

Consideration is being given to a 
dielectric strength test of varnished 
cloth tape while the tape is elongated. 
Proposed revisions based on round robin 
test data are to be submitted by manu- 
facturers and consumers. 

A round robin test has been completed 
on the rate of burning of varnished tub- 
ing using both the A.S.T.M. Methods of 
Testing Flexible Varnished Tubing Used 
for Electrical Insulation (D 350 - 40 T) 
and Underwriters’ Tentative Specifica- 
tion Subject No. 746. The results 
showed that the A.S.T.M. method was 
more consistent than the Underwriters’ 
method and should be retained. It was 
also agreed to retain the dielectric 
strength requirements in Methods D 
350-40 T and the A.S.T.M. Tentative 
Specifications for Flexible Varnished 
Tubing Used in Electrical Insulation 
(D 372-40T) in preference to the 
Underwriters’ requirements. 

In connection with the testing of 
treated glass tapes and fabrics, consider- 
ation is being given to the use of the 
methods for varnished cloth tape and it 
appears that this will be possible in most 
cases. 

Subcommitiee IX on Mica Products 
(M. P. Davis, chairman).—A list of 
diameters of punched mica stampings 
now being commercially used is being 
compiled as a basis for establishing a 
dimensional grading chart of small mica 
films. After several years of trial by 
various photographers, one of them has 
succeeded in satisfactorily duplicating 
the mica samples with color transparen- 
cies of the various classifications of mica. 

Subcommittee X on Conditioning (Rob- 
ert Burns, chairman).—A review has 
been made of the principal items in 
U. S. Government specifications which 
would be considered nonstandard by 
A.S.T.M. Although the conditioning 
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procedures in Government specifications several subcommittee chairmen « of the 
present the same problem as A.S.T.M. other subcommittees of Committee D-9 
methods so far as the multitude of have been asked to appoint sections to 
special procedures are concerned, there prepare statements for insertion in the 
are certain general features in the former various standards and tentative stand- 


which might be brought into con- ards under their jurisdiction regarding 


a formance with A.S.T.M. methods with _ the significance of the test or test pro- 
a little or no sacrifice in adequacy. It cedures covered by those methods. 
__ was agreed that these would be discussed Preparation of some of these statements 
with the proper authorities. is actively under way in some of the sub- 
Le The subcommittee has discussed the committees and when they have been 
Soff integration of the various conditioning completed and approved by the respec- 
. standards of Committees D-9 and D-20 _ tive subcommittees they will be reviewed 


with those of other standing committees by this subcommittee before submittal 
through the efforts of Technical Com- to Committee D-9 for consideration. 
mittee X on Conditioning and Weather- 

ing, of Committee E-1 on Methods of The following officers of the com- 
Testing. The standard definitions and mittee were unanimously elected for the 
standard laboratory atmosphere pro- ensuing term of two years: 

posed by this subcommittee are now Chairman, E. J. Rutan. 

under review by the E-1 technical com- =——*Viice-Chairman, W. A. Evans. 
mittee. Also under review is the Secretary, W. A. Zinzow. 
National Bureau of Standards sun lamp 

ee —dew accelerated weathering test sub- This report has been submitted to 
mitted through this committee. This letter ballot of the committee which 
ae le is not a standard, but is being reviewed consists of 96 voting members; 55 mem- 
at the request of this subcommittee as a__ bers returned their ballots, of whom 45 
supplement to the so-called weatherom- have voted affirmatively and 0 nega- 


eter type test. tively. 
. Statements are being prepared on the 
significance of the various conditioning Respectfully submitted on behalf of 
tests. the committee, 
Subcommittee XI on Significance of T. TAyLor, 
Tests (W. A. Zinzow, chairman). a Chairman. 


Subsequent to the annual meeting, Committee D- 9 ‘satalnainal to rs Society 
through Committee E-10 on Standards the following recommendations: 
Revisions of Tentative Methods of: 
Testing Molded Materials Used for Electrical Insulation (D 48-41 T), 
Test for Power Factor and Dielectric Constant of Electrical a Be Mate- 
rials (D 150-41 T), and 

Testing Solid Filling and Treating Compounds Used for Electrical Insulation 
(D 176 - 40 T). 

These recommendations were accepted by Committee E-10 on August 24, 
1942, and the revised tentative methods appear in the 1942 Book of A.S.T.M. 
Standards, ‘Part Ti, PP. 1055, ‘1148 1126. 
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In this Appendix are given recom- 
mendations affecting certain standards 
and tentative standards covering elec- 
trical insulating materials which are 
referred to earlier in this report.'. The 
standards and tentative standards appear 
in their present form in either the 1939 
Book of A.S.T.M. Standards, Part III, 
or the. 1940 and 1941 Supplement, Part 
III as indicated by the final number in 
the A.S.T.M. Designation. 
TENTATIVE STANDARDS 


Tentative Methods of Test for Sludge 
Formation in Mineral Transformer 


Oil:? 

In the 1941 Report of Committee 
Oo D-9 a sludge accumulation test and a 
h high-pressure oxidation test for sludge 
" formation in mineral transformer oil 
5 were published as information. It is 
2 now recommended that these methods 


be accepted for publication as tentative. 


Tentative Methods for Testing Steatite 
of Used as Electrical Insulation :* 


These methods outline procedures for 
making various tests for an investigation 
or examination of steatite used as elec- 
trical insulation. 


Tentative Methods of Testing Vul- 
canized Fibre Used for Electrical 
Insulation :* 


These methods include several new 
procedures for the testing of vulcanized 


1 See p. 366. 

2 These methods were accepted as tentative by the 
Society and appear in the 1942 Book of A.S.T.M. Stand- 
ards, Part P. 1114. 

2’These methods were accepted as tentative by the 
Society and appear in the 1942 Book of A.S.T.M. Stand- 
ards, Part III, 2B 1124. 

‘These | methods were accepted as tentative by the 
— pear in the 1942 ae of A.S.T.M. Stand- 


art p. 1090, 


ad 


RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRICAL 
INSULATING MATERIALS 


fibre sheets, tubes, and rods, and also 
procedures formerly appearing in the 
Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical Insu- 
lation (D 229-39), as well as the test 
for volatile matter, slightly modified, 
appearing in the Tentative Method of 
Test for Volatile Matter Content of 
Vulcanized Fibre (D 619-41 T). 


Tentative Methods for Measuring Di- 
mensions of Rigid Tubes Used in 
Electrical Insulation 


These methods were prepared to 
insure more consistent procedure and 
results in measuring the dimensions of 
round tubes. 


Tentative Method of Test for Power 
Factor and Dielectric Constant Para- 
lel with Laminations of Laminated 
Sheet and Plate Insulating Material :° 


This method was prepared subsequent 
to a series of round-robin tests in which 
various procedures were tried. The 
development of this method of test is 
described in a report on Data on Power 
Factor Measurements Parallel with 
Laminations of Phenolic Laminated 
Sheet, which appears in Appendix II. 


REVISIONS OF TENTATIVE STANDARDS 


Tentative Specifications for Molds for 
Test Specimens of Molding Materials 
Used for Electrical Insulation (D647- 
41T): 


‘These methods were acce as tentative by the 
Society and a in the 1942 spent of A.S.T.M. Stand- 
ards, Part III, p. 1096. 

* This noted was accepted as tentative by the 
ards 


art III, p. 1179. 


and Tn in the 1942 Book of A.S.T.M. Stand- 
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This revision consists of a minor 
change in the scope clause of the specifi- 
cations and the addition of requirements 
for a mold for tension test specimens. 


Section 1.—In the last sentence and 
in the note following this section change 
*‘manufacturer” to read “seller of the 
material.” 

New Section.—Add a new Section 4 
to read as follows: 


4. Molds for Tension Test Specimen.—Molds 
for the tension test specimen may be of the design 
and dimensions shown in Fig. 4.° 


‘Tentative Method of Test for Com- 
pressive Strength of Electrical Insu- 
lating Materials (D 649 41 T): 

he This revision consists of a minor 


change in the scope clause so that it 
will not conflict with the procedures 
described in the Standard Methods of 
Testing Sheet and Plate Materials Used 
in Electrical Insulation (D 229 — 39). 

Section 1.—Change from its present 
form to read as follows: 


1. This method of test covers a general 
procedure for determining the compressive 
strength of various solid electrical insulating 
materials. However, modifications are found 
desirable for different types of such materials 
and existing methods of the American Society 
for Testing Materials covering the requirements 
for test of a given material should be consulted 
for special details that may apply. 


Tentative Method of Test for Flexural 
Strength of Electrical Insulating Ma- 
terials (D 650 — 41 T): 


This revision consists of a minor 
change in the scope clause so that it 
will not conflict with the procedures 
described in the Standard Methods of 
Testing Sheet and Plate Materials Used 
in Electrical Insulation (D 229 — 39). 

This figure has been added to Tentative Specifica- 
tions D 647 which appear in their latest revised form in 
the 1942 Book of A.5.T.M. Standards, Part III, p. 1049. 
Blueprints of detailed drawings for the construction of 
this mold will be obtainable at a nominal! cost from the 


American Society for Testing Materials, 260 S. Broad St., 
Philadelphia, Pa. te 
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Section 1.—Change from its present 
form to read as follows: 

1. This method of test covers a general pro- 
cedure for determining the flexural strength of 
various solid electrical insulating materials. 
However, modifications are found desirable for 
different types of such materials and existing 
methods of the American Society for Testing 
Materials covering the requirements for test of 
a given material should be consulted for special 
details that may apply. 

Tentative Method of Test for Tensile 
Strength of Electrical Insulating Ma- 
terials (D 651 — 41 T): 

The revision of this method consists 
of modifications in the title and wording 
of the method so that it will apply only 
to molded electrical insulating materials. 
The method in its revised form is 
appended hereto.’ 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


Standard Method of Test for Arc 
Resistance of Solid Electrical Insu- 
lating Materials (D 495 — 41): 

The use of the present method has 
shown the need for certain minor changes 
principally in the scope of the test. 
The committee recommends for imme- 
diate adoption the following revisions 
and accordingly asks for a favorable 
nine-tenths vote at the annual meeting 
in order that these modifications may 
be referred to letter ballot of the Society: 


Section 1—Change the third sen- 
tence to read as follows by the addition 
of the italicized words and figure and 
omission of those in brackets: 

For at least the fist three steps of the test, when 
the testing current is only 10 milliamperes, 
differences [in arc resistance] must be of the order 
of 2 to 1 (in seconds) in order to be significant. 

In the first item in the table change 
60 sec. and under” to read “30 sec. 
and under” for hot-molded or laminated 
materials (general). 


7 This revised method was accepted as tentative by the 
Society and appears in its latest revised form in the 1942 
Book of A.S.T.M. Standards, Part III, p. 1077. 
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it Section 4.—Change to read as follows 
by the addition of the italicized words: 


if 4. The test specimens may be of any size or 
: shape, provided a flat, or nearly flat, surface of 
5 about 0.16 sq. in. (1 sq. cm.) in area and at least 
ved } in. in thickness, either in one piece or in a pile-up 
~ of thin sheets, is available for each test. 
: Section 7.—Add new items (J) and 
(4) to be reported to read as follows, 
' relettering the present items (J) and 
« (2) as (2) and (3), respectively: 

(1) A suitable description of the material 
sts ff tested and the approximate thickness at the 
2 test location. 

(4) A general statement describing the 
UY | behavior of the material during the test and the 


Is. manner in which it fails (carbonizes, volatilizes, 
is fuses, melts, or similar reaction). . 


E Standard Methods of Testing Electrical 
Insulating Oils (D 117 — 40): 


irc Committee D-2 on Petroleum Prod- 
su- fF ucts and Lubricants has prepared a 
method of determining kinematic vis- 
has | cosity and a method for conversion of 
ges | kinematic viscosity to Saybolt universal 
-st. | viscosity. It is recommended that ref- 
ne- | erence be made to these two methods in 
ons | Section 11 of Methods D 117 as indi- 
ble | cated below. 
ing 
i! Section 11.—Change to read as follows 
ty: by the addition of the italicized words 
' and figure and the omission of the words 
in brackets: 
Lion 
and 11. Viscosity shall be determined in accord- 
ance with either the Standard Method of Test 
i for Viscosity by Means of the Saybolt Visco- 
wens simeter (A.S.T.M. Designation: D 88) or the 
. od Tentative Method of Test for Kinematic Viscosity 
sack (A.S.T.M. Designation: D 445) of the American 
* | Society for Testing Materials, and unless other- 
inge | wise (directed] specified, [shall be taken] at 
sec. | a temperature of 37.8C. (100F.). The con- 
ated | version of viscosity values may be made in accord- 
ance with the Standard Method for Conversion of 
Kinematic Viscosity to Saybolt Universal Vis- 
by the cosity (A.S.T.M. Designation: D446) of the 
e 


American Society for Testing Materials. 


RECOMMENDATIONS ON STANDARDS FOR INSULATING MATERIALS 


15. Saponification Number: Procedure.—Sa- 
ponification number shall be determined in 
accordance with the Tentative Method of Test 
for Saponification Number of Petroleum Prod- — 
ucts by Color-Indicator Titration (A.S.T.M. 
Designation: D 94) of the American Society for 
Testing Materials. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Methods of Testing Electrical 
Porcelain (D 116- 42): 


The following tentative revision out- 
lines the procedure for determining 
porosity of porcelain by the dye pene- 
tration method. The procedure as rec- 
ommended is in agreement with the 
method outlined by the American Insti- 
tute of Electrical Engineers as described 
in A.I.E.E. Standard for Insulator Tests 
(No. 41-A). 


Section 31.—Add a new Paragraph 
(c) to read as follows: 


(c) Method C, described in Sections 42 to 46, 
covers the procedure for determining porosity 
as indicated by the penetration of an alcohol-dye 
solution into the porcelain body. 


Method C.—Add new Sections 42 to 
46, inclusive, comprising the description 


of the dye penetration method to read 
as follows, renumbering the subsequent 


sections accordingly: 
Method C. Dye Penetration _ 


ANG 


42. Apparatus.—The apparatus shall consist 
of a suitable pressure chamber of such dimen- 
sions as to accommodate the test specimen 
when immersed in the dye solution with arrange- 
ments for obtaining and maintaining the re- 
quired pressure for the required time. 

43. Reagent: Fuchsine Solution—A solution 
consisting of 1 g. of basic fuchsine in 1 liter of 
50 per cent alcohol is suitable. If a denatured 
alcohol is used, one should be selected which 
does not react with the dye to cause fading of 
the color. 

44. Test Specimens.—The test specimens 
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lain body, having clean and apparently un- 
shattered surfaces exposed. At least 75 per 
cent of the area of such specimens should be free 
from glaze or other surface treatment. Frag- 
ments approximately } in. in the smallest dimen- 
sion up to 3 in. in the largest dimensions are 
recommended. 

45. Procedure-—(a) The test specimens shall 
be placed in the pressure chamber and com- 
pletely imfnersed in the fuchsine solution. 

(6) A pressure of approximately 4000 psi. + 
10 per cent shall be applied for approximately 
15 hr. or an optional pressure of 10,000 psi. + 10 
per cent for 6 hr. may be used. 

(c) At the conclusion of the application of 
test pressure, the specimen shall be removed 
from the pressure chamber, thoroughly dried, 
and broken as soon as possible for visual ex- 
amination. 

(d) Porosity is indicated by penetration of 
the dye into the porcelain body to an extent 
visible to the unaided eye. Penetration into 
small fissures formed in preparing the test 
specimen shall be disregarded. 

46. Report—The report shall include a 
statement of the observations recorded in 
accordance with the examination prescribed in 
Section 45 (d). 


Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical 
Insulation (D 229 — 42): 


The following revisions are intended 
to replace the present tentative revision® 
submitted in June, 1939. These revi- 
sions are proposed in order to bring the 
conditioning procedure up to date 
and into conformity with the Tentative 
Methods of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
ing (D 618 -'41 T): 


Section 3.—Change from its present 
form to read as follows: 


3. Conditioning for Reproducibility—The test 
specimens (Note 1) of flat sheet and plate 
materials shall be given a conditioning treatment 
for physical tests (Note 2) in accordance with 
the Tentative Methods for Conditioning Plastics 
and Electrical Insulating Materials for Testing 
(A.S.T.M. Designation: D 618) of the American 
Society for Testing Materials, modified as 
follows: 


$1940 Supplement to Book of A.S.T.M. Standards, 


Report oF D-9 (AppEeNprx I) 


(a) The following materials shall be classified 
as type S (slowly affected by humidity) and 
conditioned accordingly: 

(1) Laminated sheets bonded with phenolic, 
urea, or other thermosetting resins, 

(2) Methyl methacrylate, 

(3) Asbestos boards, and 

(4) Hard rubber. 

(b) The following shall be classified as type R 
(rapidly affected by humidity): 

(1) Pressboard and other cellulosic boards, 
and 

(2) Cellulosic esters and ethers. 

(c) Other sheet and plate materials, with the 
exception of those definitely classified in the 
individual methods of test or in the specifi- 
cations for a particular material, shall be classi- 
fied as prescribed in Methods D 618. 

(d) Impact Strength—The machined speci- 
mens of sheet materials shall be conditioned 
before testing in accordance with the procedure 
described for type S or type R materials, except 
that the time of conditioning for type S 
materials shall be limited to 48 hr., regardless of 
the thickness, and that materials may be tested, 
after cooling in a desiccator, as soon as room 
temperature has been reached. Tests for type 
S materials shall be made at room temperature 
maintained at 25+ 8C. except where closer 
limits are specified. 

(e) Tensile, Flexural, Compressive, and Bond- 

ing Strengths, Rockwell Hardness, and Density.— 
For type S materials, no conditioning of speci- 
mens is necessary except in case of dispute in 
which case type S conditioning procedure shall 
be followed modified as prescribed in Paragraph 
(d). For type R materials the conditioning 
procedure for that type shall be followed in all 
cases. 
Nore 1.—Conditioning of specimens may be 
undertaken: (/) for the purpose of bringing the 
material into equilibrium with normal or 
average room conditions of 25 C. (77 F.) and 
40 per cent relative humidity, (2) simply to 
obtain reproducible results, regardless’ of pre- 
vious history of exposure, or (3) to subject the 
material to abnormal conditions of temperature 
or humidity in order to predict its service 
behavior. 

The conditioning prescribed in _ these 
methods to obtain reproducible results may give 
physical values somewhat higher or somewhat 
lower than values under equilibrium at normal 
conditions, depending upon the particular 
material and test. To insure substantial 
equilibrium under normal conditions of humidity 
and temperature, however, will require from 20 
to 100 days or more depending upon thickness 
and type of material and its previous history. 


Part ITI, p. 564; also 1941 Supplement, Part III, p. 629. Consequently, conditioning for reproducibility 
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must of necessity be used for general purchase 
specifications and product control tests. 

Note 2.—Conditioning of specimens for elec- 
trical tests is also necessary to obtain consistent 
results. The procedure for such conditioning is 
under consideration by the committee. In 
order to secure comparative results, specimens 
should be conditioned at the same temperature 
and humidity. 


Standard Methods of Testing Lami- 
nated Tubes Used in Electrical Insu- 
lation (D 348 — 42): 


This tentative revision consists of the 
addition of a new method for determin- 
ing dielectric strength of tubes parallel 
with the laminations by employing the 
point to plane procedure. 

Section 3.—Add a new Section 3 to 
read as follows: 


3. Dimensional measurements of tubes shall 
be made in accordance with the Tentative 
Methods of Measuring Dimensions of Rigid 
Tubes Used in Electrical Insulation (A.S.T.M. 
Designation: D 668) of the American Society for 
Testing Materials. 


Sections 15 to 22.—Substitute for 
these sections new Sections 15 to 21, 
inclusive, comprising a new procedure 
for dielectric strength, renumbering the 
subsequent section accordingly: 


15. Dielectric Strengih—(a) Except as speci- 
fied below in Sections 16 to 22, the dielectric 
strength shall be determined in accordance with 
Tentative Methods of Test for Dielectric 
Strength of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S.T.M. 
Designation: D 149) of the American Society 
for Testing Materials. 

(b) Tests shall be made transverse or parallel 
with the wall of the tube, or both, depending 
upon whether the stress on the tube when in 
use is to be transverse or parallel with the wall, 
or both. 

16. Electrodes and Test Specimens: (a) For 
Testing in Transverse Direction——The inner 
electrode shall consist of a brass rod, 3 in. in 
length, with edges rounded to a }-in. radius, 
and of such diameter that it fits snugly inside 
the tube to be tested. The outer electrode shall 
consist of a strip of metal foil 2} in. in width 
and long enough to extend around the circum- 
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Seteen of the tube. The test specimen shall be 


at least 12 in. in length. 
(b) For Testing Parallel with Laminations.— 
The test specimens shall be } in. in length. A act. ’ 
hole shall be drilled into one end of the test 
specimen in the approximate center of the wall 
parallel with the major axis of the tube toa __ oat 


depth of in. leaving a thickness of fin. tobe = = 
tested. A  snug-fitting metal-pin electrode, “3 
with the end ground to conform with the shape bie 4 
of the drill used, shall be inserted in the hole. pf oe 
The specimen shall be placed on a flat metal 
plate having a diameter at least 4 in. oe 
than that of the specimen. This plate shall 
serve as the lower electrode. Thus, in effect we 
the material shall be tested parallel with lamina- eS 8 
tion in a point-plane gap. The diameter of the 

hole shall be as shown in the following table: a 


Nomina! Hole 


Nominal Wall Thickness Diameter for Pin 
of Tubes, in. Electrode, in. ne fea 


Note.—For tubes with exceptionally high 
dielectric strength or for thin-wall tubes, 
surface flashover may occur. In such = 
specimens shall be drilled to a depth of % in. 
leaving a section jg in. in thickness to be tested. 

17. Conditioning—(a) Unless otherwise 
specified, all test specimens shall be conditioned _ 
for 48 hr. at 50 + 3 C. in a circulating air oven on op 
prior to testing. After removal from oven, 
specimens shall be permitted to cool to room 
temperature in a desiccator over anhydrous 
calcium chloride. 

(b) In the case of tubes to be used at other — 
than room temperature, the dielectric strength 
characteristics shall be determined over the _ 
operating range of temperature. Prior to test, _ 
specimens previously conditioned as described 
in Paragraph (a) shall be exposed to each test 
temperature in a suitable temperature-control — 
chamber for a period in minutes equal to one | 
half the wall thickness of the specimen in mils. — 

18. Surrounding Medium.—The specimens 
shall be tested, immersed in oil, maintained at 
the temperature of the test specimen. Fi 

19. Procedure-—(a) Tests shall be made by 
either the short-time method or the step-by- 
step method. 

(b) In tests made by the short-time method, 
the voltage shall be increased at the rate of 
0.5 kv. per sec. 

In tests made by the step-by-step method, the 
voltage at each step shall be applied for 1 min. 
The voltage shall be increased in increments as 
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376 Report oF ComMMITTEE D-9 (APPENDIX I) 
Breakdown Voltage Macrease of tentative revision consists of the 

by Short-Time Me dp oe. Test Voltage addition of a new method for determin- 
25 kv. or less.....: Oa ing dielectric strength of round rods 
Over 25 to 50 kv., incl............ 2.0 kv ith a aie x 
Over 50 to 100 kv. incl............ 5.0 kv agra wit the - reer by employ 
10.0kv. the point to plane procedure. 


20. Number of Tests.—At least five tests shall 
be made at each temperature in the short-time 
method, and at least three tests in the step-by- 
step method. When the range of test tempera- 
tures is considerable, tests should be made at 
not less than five temperatures, if a curve of 
dielectric strength against temperature is 
desired. 

21. Report—The report shall include the 
following: 

(1) A description of the material including 
name, type, grade, color, size, and name of the 
manufacturer. 

(2) A statement of the direction of dielectric 
stress application whether transverse to or 
parallel with laminations. 

(3) The conditioning treatment which the 
specimens have received. 

(4) A statement of the procedure used, 
whether short-time method or step-by-step 
method. 

(5) Nominal wall thickness of the tube in 
inches. 

(6) The maximum, minimum, and average 
puncture voltage in kilovolts and volts per 
mil (Note). 

(7) Duration of test, if step-by-step method, 
including the initially applied voltage in 
kilovolts. 

(8) The temperature of the test specimen, 

(9) The size and type of electrodes. 

Nore.—To calculate the volts per mil, 
the wall thickness in transverse tests on mate- 
rial undisturbed by breakdown but as near the 
point of breakdown as possible shall be used. 
For tests parallel with laminations, the thickness 
of the section shall be measured prior to break- 
down. This can be conveniently done by 
measuring the length of the electrode then the 
combined length of the specimen and electrode 
with the electrode inserted in place. 


Standard Methods of Testing Laminated 
a Round Rods Used in Electrical Insu- 

lation (D 349 — 42): 


Dielectric Strength Test——Add new 
Sections 19 to 25, inclusive, comprising 
a new procedure for dielectric strength, 
to read as follows: 


19. Dielectric Sirength—(a) Except as speci- 
fied below in Sections 20 to 25, the dielectric 
strength shall be determined in accordance with 
the Tentative Methods gf Test for Dielectric 
Strength of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S.T.M. 
Designation: D 149) of the American Society 
for Testing Materials. 

(6) Tests shall be made parallel with the 
major axis of the rod. 

20. Electrodes and Test Specimens.—The 
test specimens shall be 3 in. in length. A hole 
shall be drilled into one end of the test specimen 
in the approximate center of the rod parallel 
with the major axis of the rod to a depth of § in. 
leaving a section } in. in thickness to be tested. 
A snug-fitting metal pin electrode with the end 
ground to conform with the shape of the drill 
used shall be inserted in the hole. The speci- 
men shall be placed on a flat metal plate having 
a diameter at least 4 in. greater than that of the 
specimen. This plate shall serve as the lower 
electrode. Thus, in effect, the material shall be 
tested parallel with laminations in a point-plane 
gap. The diameter of the hole shall be as 
shown in the following table: 


Nominal Hole 
Nominal Diameter Diameter for Pin 
of , in. Electrode, in. 


Norte.—For rods with exceptionally high 
dielectric strength or for small diameter rods, 
surface flashover may occur. In such cases, 
specimens shall be drilled to a depth of 4% in. 
leaving a section 7 in. in thickness to be tested. 

21. Conditioning—(a) Unless otherwise 
specified, all test specimens shall be conditioned 
for 48 hr. at 50 + 3 C. in a circulating air oven 


prior to testing. After removal from oven,} 


specimens shall be permitted to cool to room 
temperature in a desiccator over anhydrous 


calcium chloride. 
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(b) In the case of rods to be used at other 
than room temperature, the dielectric strength 
characteristics shall be determined over the 
operating range of temperature. Prior to test, 
specimens previously conditioned as described 
in Paragrdph (a) shall be exposed to each test 
temperature in a suitable temperature-control 
chamber for a period in minutes equal to one 
half the diameter of the specimen in mils. 

22. Surrounding Medium.—The specimens 
shall be tested immersed in oil, maintained at 
the temperature of the test specimen. 

23. Procedure.—(a) Tests shall be made by 
either the short-time method or the step-by- 
step method. 

(b) In tests made by the short-time method, 
the voltage shall be increased at the rate of 
0.5 kv. per sec. 

In tests made by the step-by-step method, the 
voltage at each step shall be applied for 1 min. 
The voltage shall be increased in increments as 
follows: 


Increment of 


Breakdown Voltage toca Increase of 
by Short-Time Me Test Voltage 
25 kv. or less........... 
Over 25 to 50 kv., incl............ 2.0 kv. 
Over 50 to 100 kv., incl........... 5.0 kv 


24. Number of Tests.—At least five tests shall 
be made at each temperature in the short-time 
method, and at least three tests in the step-by- 
step method. When the range of test tempera- 
tures is considerable, tests should be made at 
not less than five temperatures, if a curve of 
dielectric strength against temperature is 
desired. 

25. Report—The report shall include the 
following: 

(1) A description of the material including 
name, type, grade, color, size, and name of the 
manufacturer. 

(2) The conditioning treatment which the 
specimens have received. 

(3) A statement of the procedure used 
whether short-time method, or step-by-step 
method. 

(4) The maximum, minimum, and average 
puncture voltage in kilovolts and volts per mil 
(Note). 

(5) Duration of test if step-by-step method, 
including the initially applied voltage in 
kilovolts. 

(6) The temperature of the test specimen. 

(7) The size and type of electrodes. 


Nore.—The thickness of the section shall be 
measured prior to breakdown. This can be 
conveniently done by measuring the length of 
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the electrode then the combined length of the 
specimen and electrode with the electrode in- 
serted in place. 


Standard Methods of Testing Shellac 
Used for Electrical Insulation (D 411- 
42): 


This revision is recommended, since 
the flow of shellac is influenced by the 
moisture content of the specimen. The 
test results obtained by conditioning the 
specimens as recommended are much 
more consistent than they were formerly. 
The variation of test results has been 
reduced from about 25 per cent to 10 
per cent. 


Section 11 (a).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(a) Each test specimen shall consist of 2 g. 
of shellac, coarsely ground (approximately to 
pass 20 mesh). [As changing atmospheric 
conditions have a very marked effect on the 
flow of shellac, the open test tubes containing 
the test specimens shall not be exposed to the 
laboratory atmosphere for more than 24 hr. 
before testing.] The specimens shall be spread 
out in a shallow vessel and placed in a desiccator 
over a saturated solution of sodium dichromate 
with an excess of solid salt and left in this at- 
mosphere (52 per cent relative humidity) at room 
temperature for at least 24 hr.; the specimens shall 
be tested immediately upon removal from the 
desiccator. 


ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


Tentative Methods of Test for Thickness 
of Solid Electrical Insulation (D 374 - 
41 T): 


The committee recommends that these 
methods be approved for reference to 
letter ballot of the Society for adoption 
as standard without revision.: 
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Tentative Methods of Testing Pin-Type, 
Lime Glass Insulators (D 468 — 39 T): 


378 


The committee recommends that these 
methods, revised as follows, be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard: 

Section 5 (c).—Change the last two 
sentences to read as follows by the 
omission of the words in brackets: 


At least four insulators of each type shall be 
tested at one time [half without pins and half 
with standard pins, of the type to be used 
screwed tightly into the pin holes. The pins 
shall have well-formed threads, and when 
threads show wear the pins shall be discarded.] 


Section 7.—In order that the descrip- 
tion of the application of the load will 
conform to the American Institute of 
Electrical Engineers Standard for Insu- 
lator Tests (No. 41-A), change the next 
to the last sentence from its present 
form: namely 


The load shall be applied uniformly and the 
speed of the testing machine shall be such that 
the load can be accurately weighed but shall not 
exceed 0.25 in. per min. when the machine is 
running idle. 


to read as follows: 


The load shall be started at zero and smoothly 
brought up in a practically st variation to 
the failure point. The load be increased 
rapidly to approximately 75 per cent of the 
rated strength of the insulator and at a slower 
rate from this point to failure. The rate of 
increase of load from 75 per cent of rating to 
failure shall be as follows: 


Increase in Load 
ao per Minute in 
ercentage of 
Class of Rated Strength 
Insulator Type of Test Min. Max. 
Pin Type. Cantilever...... 30 60 


Tentative Method of Test for Water 
Absorption of Plastics (D 570 - 40 T): 


Committee D-9 joins with Committee 
D-20 on Plastics in recommending that 
this method be adopted as standard, 
since this test is under the joint jurisdic- 
tion of both committees. 


Report OF ComMiITTEE D-9 (AppENpDrx I) 


Part ILI, p. 569; also 1941 Supplement, Part ITI, p. 635, 


ADOPTION OF TENTATIVE REVISIONS § Stopw 
OF STANDARDS AS STANDARD was 
Standard Methods of Testing Electrical} load « 
Porcelain (D 116 — 39): red 
penet 

The committee recommends that the§ of 60 
tentative revision® of these methods§ The | 
submitted August, 1940, which relates} "rs 
to the test specimens for water absorp- Nc 
tion, be referred to letter ballot of the} the k 
Society for adoption as standard. ~_ 
Standard Methods of Testing Sheet and § vidua 
Plate Materials. Used in Electrical 
Insulation (D 229 — 39): asia 
The committee recommends that the § ‘le 
tentative revisions® published in June, re 
1939, and June, 1940, listing modifica-§ 159 , 
tions in Sections 16 (f) and 38 (c) (relat- § chang 
ing to room temperature), Sections 19 § inden 
to 22, and 24 to 28 (water absorption), of di 
Sections 41 and 42 (Rockwell hardness) ‘ae 
with modification in Section 41 as indi- Or 
cated below, and Section 53 (inflamma- § follo 


bility test) be referred to letter ballot of () 


the Society for adoption as standard: § trato 
Section 41.—Change Paragraphs (a) ae 
and (6) from their present form to read § remo: 
as follows: been 
weigh 


41. (a) The procedure described in Standard 
Method E 18 shall be followed. The adjust- 
ment of speed of load application and the time 
of application of the major load are of great 


importance. The dash pot on the Rockwell In 
tester shall be so adjusted that the operating whic 
handle completes its travel in from 4 to 5 sec. 

with no specimen on the machine and with the Ni 
machine set up to apply a major load of 100 kg. § rials : 
When so adjusted, the period taken for mecha- § appre 
nism to come to a stop with the specimen in § with 
place will vary from about 5 to 15 sec. depending § gc ( 
upon particular specimen, the penetrator, and 

load used. In order to eliminate errors due to 

“‘creeping”’, and to the possibility of weight arm Stan 
descending far enough to rest on the lifting na 
link or pin (Note) instead of on the specimen, lat 
the major load shall be removed from the 

specimen within 7 to 8 sec. after the handle Tl 
has been tripped, time being determined by a tent: 


*1940 Supplement to Book of A.S.T.M. Standards, 
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stopwatch. Readings shall be taken on either 
the.M or R scale. The M scale requires a }-in. 
ball penetrator, a minor load of 10 kg., a major 
load of 100 kg., and the reading taken on the 
red scale. The R scale requires a }-in. ball 
penetrator, a minor load of 10 kg., a major load 
of 60 kg., and readings taken on the red scale. 
The Rockwell reading shall be taken to the 
maximum nearest full scale division reached 
within 45 sec. after removing the major load. 

Nore.—lIf the arm rests on the link or pin 
the load or the penetrator or both should be 
changed. 

(b) Unless otherwise specified in the indi- 
vidual methods or specifications for a particular 
material, the choice of scales to be used shall be 
determined as follows: If readings with the M 
scale show a total indentation of less than 150 
scale divisions upon application of the major 
load, the M scale shall be used for the Rockwell 
test. If readings show a total indentation of 
150 or more scale divisions the tester shall be 
changed to the R scale combination. The total 
indentation shall be determined by the number 
of divisions the pointer passes through during 
7.5 sec. from the time of tripping the handle. 


Omit Paragraph (c) which reads as 
follows: 


(c) For vulcanized fibre, a 4-in. ball pene- 
trator, a minor load of 10 kg., and a major load 
of 60 kg. shall be used. This combination is 
known as the R scale. The major load shall be 
removed within 7 to 8 sec. after the handle has 
been tripped. Care shall be taken that the 
weight arm does not descend far enough to rest 
on the lifting link or pin. If the arm rests on 
the link or pin, the load or penetrator should be 
changed. 


In Paragraph (d), omit the Note 
which reads as follows: 

Nore.—It should be noted that some mate- 
rials such as laminated phenolic plates show an 
appreciable variation in the Rockwell hardness 
with variation in temperature as small as 


8C. (15 F.). 


Standard Methods of Testing Lami- 
nated Tubes Used in Electrical Insu- 
lation (D 348 — 39): 


The committee recommends that the 
tentative revisions” of these methods 


101940 Supplement to Book of A.S.T.M. Standards. 
Part III, p. 566; also 1941 Supplement, Part III, p. 632. 
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published in June, 1939, and June, 1940, 
which pertain to conditioning for repro- 
ducibility and the water absorption test, 
be referred to letter ballot of the Society 
for adoption as standard. 


Standard Methods of Testing Lami- 
nated Round Rods Used in Electrical 
Insulation (D 349 — 39): 


The committee recommends that the 
tentative revisions! of these methods 
published in June, 1939, and June, 1940, 
which pertain to conditioning for repro- 
ducibility, the water absorption test, 
and the omission of the section on tem- 
perature for tensile strength tests, be 
referred to letter ballot of the Society 
for adoption as standard. 


Standard Methods of Testing Shellac 
Used for Electrical Insulation (D 411 - 
40): 


The committee recommends that the 
tentative revisions’ of the methods 
submitted in August, 1941, with changes 
indicated below, be referred to letter 
ballot of the Society for adoption as 
standard. Since the tentative revision 
was issued, it has been learned that the 
graduated glass tube prescribed in the 
revision is a patented proprietary article. 
Other satisfactory graduated tubes have 
been found available and for these 
reasons the recommended change is 
proposed. 

Appendix.—Change Paragraph (a) 
from its present form to read as follows: 


(a) Test Tubes.—Two test tubes, A, of the 
following type should be used: 

(1) For use with method A, two heat-re- 
sistant, graduated glass tubes. These tubes 
should be 13 cm. in length, 2.5 cm. in outside 
diameter, and 1.5 mm. in wall thickness. They 
shall be graduated in 5-mm. divisions beginning 
1.1 cm. (3% in.) from the outside bottom and 
extending upward to 100 mm. Every 10-mm. 


111940 Su t to Book of A.S.T.M. Standards, 
Part III. p. 567; also 1941 Supplement, Part Hit, p. 632. 

12 1941 Supplement to k of A.S.T.M. Standards 
Part III, p. 629. 
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line shall be numbered. The graduations and 
numbers shall be in a contrasting color to the 
background. The colored material used for 
making these tubes shall be resistant, for a 
reasonable period of time, to both oil and 
glycerol at 130 C. and concentrated caustic 
solutions at 100 C. These tubes are to be used 
for holding the specimen S. 

(2) For use with method B, plain heat- 
resistant glass tubes 12.5 cm. in length and 2.5 
cm. in outside diameter may be employed. 

The test tubes for both methods should be 
stoppered with tightly fitting corks through 
which extend small breather tubes, B. 

_ WITHDRAWAL OF STANDARDS 


Standard Methods of Testing Molded 
Materials Used for Electrical Insula- 
tion (D 48 — 39): 


New tentative methods comprising 
completely revised procedures for testing 
molded material were published in 
August, 1941, and the committee ac- 
cordingly recommends that these Stand- 
ard Methods D 48 — 39 be withdrawn, 
since they are replaced by the new 
Tentative Methods of Testing Molded 
Materials Used for Electrical Insulation 
(D 48 - 41 T). 


Standard Methods of Test 
Resistance of Electrical 
Materials (D 256 — 38): 


New tentative methods comprising 
completely revised procedures and ex- 
panded to cover the testing of plastics 
were published in August, 1941, and the 
committee accordingly recommends that 
these Standard Methods D 256 — 38 be 
withdrawn since they are replaced by 
the new Tentative Methods of Test for 
Impact Resistance of Plastics and Elec- 
trical Insulating Materials (D 256 - 


for Impact 
Insulating 


REPORT OF CoMMITTEE D-9 (AppENDIx I) 


EpItorR1IAL CHANGES IN STANDARD 


Standard Methods of Testing Sheet 
and Plate Materials Used in Elec- 
trical Insulation (D 229 — 39): 


Several editorial modifications indi- 
cated below in these methods are necessi- 
tated by the removal of the test 
procedures pertaining to vulcanized fibre 
and their inclusion in new methods of 
testing vulcanized fibre.‘ The proce- 
dures for the determination of silica, 
zinc chloride, and.density are being 
omitted from Methods D 229 and 
included in the new tentative methods 
as well as several references to vul- 
canized fibre throughout the methods. 


Section 1.—Change from its present 
form to read as follows: 

1. These methods cover the procedures for 
testing stiff, flat sheet and plate materials, such 
as phenolic and other types of laminated sheets, 
hard rubber, asbestos composition board, etc., 
to be used as electrical insulation except as 
modified by the individual methods or specifica- 
tions for a particular material. 


Nore.—For tests applying to vulcanized 
fibre reference should be made to the Tentative 
Methods of Testing Vulcanized Fibre Used for 
Electrical Insulation (A.S.T.M. Designation: 
D 619) of the American Society for Testing 
Materials. 

Section 17.—Omit Note 2 from this 
section. 

Section 40.—Omit the note following 
this section. 

Section 43.—Omit this section which 
covers the procedure for determining 
density of vulcanized fibre. 

Section 44.—Omit the words “vul- 
canized fibre” from the heading of this 
section and change the words “vul- 
canized fibre” in the text to read 
“material.” 

Sections 46 to 49, Inclusive-—Omit 
these sections covering the procedures 
for determining zinc chloride and silica 
in vulcanized fibre. 
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For the past four years, Section O 
has been studying the measurement 
of power factor parallel with laminations. 
The parallel plate method was found to 


give satisfactory results but to be so _ 
time-consuming as to make it of little 


value for either acceptance testing or 
control. 

It was then proposed to use a speci- 
men composed of phenolic laminated 
strips 5.25 in. in length carefully sawed 
to a width of 0.250 in. by the thickness, 
clamped together in a special metal 
frame. In this test enough strips are 
used to make a pile-up approximately 
5 in. high. This results in a com- 
pound sheet specimen approximately 5 
by 5 in. square by 0.250 in. thick. Vase- 
line-coated tin foil electrodes are placed 
in the center of each face and smoothed 
carefully into place to eliminate any 
air pockets. Power factor and dielec- 
tric constant measurements are made in 
accordance with the procedure for a solid 
sheet of approximately the same size 
as described in the Tentative Methods 
of Test for Power Factor and Dielectric 
Constant of Electrical Insulating Mate- 
rials (A.S.T.M. Designation: D 150) of 
the American Society for Testing Mate- 
rials. 

Three series of round robin tests were 
made on various samples using this 
proposed method. In the first and third 
series comparative tests were also made 
using solid samples 6 by 6 in. square by 


1 1942 Book of A.S.T.M. Standards, Part III, p. 1148. 


DATA ON POWER FACTOR MEASUREMENTS PARALLEL WITH 
LAMINATIONS FOR PHENOLIC LAMINATED SHEET 


PREPARED BY SECTION O ON LAMINATED PHENOLIC PrRopucTs FOR RADIO, OF 
SUBCOMMITTEE III on PLates, TUBES, AND Rops 


the thickness, with measurements taken 
perpendicular to the laminations. The 
following collaborated in this work: 


Continental-Diamond Fibre Co., 
National Vulcanized Fibre Co., 
Synthane Corp., and 

U. S. Navy Material Laboratory 


The data obtained in these round robin 
tests are presented in Table I. In 
general, they indicate the following: 

1. Where samples are tested under 
similar conditions, the results of power 
factor and dielectric constant tests by 
various laboratories agree within an 
average deviation of less than plus or 
minus 5 per cent. 

2. Because of much more rapid effect 
of changes in humidity on strips } in. 
in width necessarily used for parallel 
power factor measurements than on the 
6 by 6 in. samples used for perpendicular 
measurements, results cannot be ex- 
pected to be quite as uniform as with the 
latter method. 

3. Whereas the 48-hr. conditioning 
period at 50 C. gives good results in 
many cases, it is evidently not long 
enough to produce the greatest accuracy 
if the original samples have been ex- 
posed too long to high humidity condi- 
tions. Average deviations as high as 
plus or minus 10 per cent have been 
experienced under these conditions. 

The committee will undertake another 
study of modifying the conditioning 
procedure in order to further improve the 
method. 
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OF CoMMITTEE D-9 (AppENDrIx II) 


TABLE I.—RESULTS OF COOPERATIVE TESTS ON POWER FACTOR MEASUREMENTS PARALLEL 
WITH LAMINATIONS. 
First Serres (June, 1940) 


Nore.—Samples were N.E.M.A. grade XX. All samples were conditioned for 48 hr. at 50 C. prior to testing. Meas- 
urements were made at a frequency of 1 megacycle. 


| Average 
Direction of | Deviation 
Sample | Power Factor | Value Measured Synthane ®National | Continental Val - lus or 
Test ue | Minus, per 
cent 
A Perpendicular | Power Factor................ 0.0364 0.0364 0.0364 0.0364 0.0 
Dielectric Constant.......... 4.58 4.82 4.93 4.78 ee 
0.165 | 0.175 0.180 0.173 3.3 
A Parallel | Power Factor.............. 0.0559 | 0.0553 0.583 0.0565 2.1 
Pi Dielectric Constant.......... 5.40 5.73 5.78 5.64 2.8 
= 4 0.302 0.317 0.337 0.319 3.5 
a_i Parallel | Power Factor................ 0.0595 0.0655 0.0655 0.0635 4.2 
3 Dielectric Constant.......... 5.12 5.55 5.41 | 5.36 3.0 


Seconp Series (FALL, 1940 anD SPRING, 1941)* 


Note.—Samples were A.S.T.M. grade 5 (N.E.M.A. grade CE) and were molded under various conditions. A different 
set of samples but cut from the same sheet was tested by each collaborator. All samples were conditioned for 48 hr. at 


50 C. prior to testing. Measurements were made at a frequency of 1 megacycle. 


Devi 
ation, 
Sample No. Value Measured U. S. Navy Synthane Mean Value Pius or Minus, 
per cent 
I Power 0.0608 0.0611 0.0610 0.3 
is Dielectric Constant............. 5.30 5.24 5.27 0.6 
0.322 0.320 0.321 0.3 
x II PACT... 0.0662 0.0682 0.0672 1.5 
’ Dielectric Constant............. 5.53 5.42 5.48 1.1 
ie Dielectric Constant............. 5.27 5.04 5.16 2.3 
0.312 0.273 0.293 6.8 
4 lV 0.0665 0.0630 0.0648 2.8 
Dielectric Constant............. 5.67 5.45 5.56 2.0 
Power 0.0623 0.0603 0.0613 1.6 
Dielectric Constant............. 5.50 5.19 5.35 3.0 
q 0.343 0.313 0.328 4.6 
VI 0.0685 0.0702 0.0694 1.3 
Dielectric Constant............. 5.71 5.58 5.64 1.2 
0.392 0.392 0.392 0.0 


Tarrp Serres (Marca, 1941) 


Nore.—The same set of samples was tested by each collaborator, and each conditioned the samples for 48 hr. at 50 C. 
prior to testing. Measurements were made at a frequency of 1 megacycle. ‘Bhe collaborators are listed in order of testing. 


Average 
Nearest Directi Deviation. 
irection of Power Mean 
Sample No. Factor Test Continental National | Synthane Value 
per cent 
P Perpendicular. ............ 0.0385 0.0371 0.0367 0.0374 1.9 
0.0518 0.0481 0.0507 0.0502 2.8 
7 2 XXP Perpendicular............. 0.0304 0.0294 0.0285 0.0294 2.2 
0.0450 0.0459 0.0410 0.0440 4.5 
3 XXXP Perpendicular. ............ 0.0281 0.0282 0.0272 0.0278 1.6 
0.0489 | 0.0435 0.0410 | 0.0445 6.7 
+ XXX Perpendicular............. 0.0362 0.0363 0.0368 | 0.0364 0.6 
rr 0.0584 | 0.0533 0.0470 | 0.0528 7.5 
* 5 CE | Perpendicular............. 0.0539 | 0.0456 0.0459 | 0.0485 Sen 
¥ are | 0.0626 | 0.0512 0.0550 0.0563 7.6 
4 6 | P with 1 Perpendicular............. 0.0455 0.0400 0.0400 0.0418 5.8 
0.0679 0.0565 | 0.0534 0.0592 9.7 


@ These tests were made in connection with the work of Section N on Product Uniformity, of Subcommittee III. RY 
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STUDIES OF Power FaActoR MEASUREMENTS PARALLEL TO LAMINATIONS 383 


The results obtained have been con- 
sistent enough to warrant approval by 
Section O and Subcommittee III of 
the Tentative Method of Test for 
Power Factor and Dielectric Constant 
Parallel with Laminations of Laminated 
Sheet and Plate Insulating Materials? 


2 This method was accepted as tentative by the Society 
and a rs in the 1942 Book of A.S.T. Mm Standards, 


Part l . 1179. 


which is recommended for approval by 
Committee D-9 and presentation to the 
Society for publication as tentative. 


Respectfully submitted on behalf of 
Section O, 


G. H. Marys, 
Chairman. 
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Sectional Committee C59 on Electrical 
Insulating Materials held one meeting 
during the year: in Philadelphia, Pa., 
on February 17, 1942. 

At the February meeting, the present 
officers of the committee were re-elected 
for the ensuing term of two years. 

The following A.S.T.M. standards, 
submitted to the American Standards 
Association on the recommendation of 
Sectional Committee C59, were approved 
as American Standard during the year: 


A.S.T.M. Standards: 


Test for Impact Resistance of Electrical In- 
sulating Materials (A.S.T.M. D 256-38; 
ASA C59.11-1941), and 

Specifications for Electrical Gloves (Voltage 
Rating of Gloves—3000 volts) (D 120-40; 
C59.12-1942). 


It is hoped that the following methods, 
recently submitted to the ASA on the 
recommendation of the sectional com- 
mittee, will shortly be accorded approval 
as American Standard: 


A.S.T.M. Standard Methods of Testing: 


Sheet and Plate Materials Used in Electrical 
Insulation (D 229 — 39), 

Laminated Tubes Used in Electrical Insulation 
(D 348 - 39), and 

Laminated Round Rods Used in Electrical 
Insulation (D 349 — 39). 


In accordance with action taken at 
the February meeting, the NEMA 
Manufactured Electrical Mica Stand- 
ards, recommended for submittal to 
the ASA, have been referred to Sub- 


REPORT OF SECTIONAL COMMITTEE 
ON 


4 

A.S.T.M. —e D-9 on Electrical 
Insulating Materials for consideration. 

The following NEMA standards, pro- 
posed for submittal to the ASA, are 
still ui: der consideration by a special 
reviewing committee consisting of W. A. 
Evans (chairman) and T. Smith Taylor: 


NEMA Laminated Phenolic Products Stand- 
ards, and 

NEMA Recommended Practice for Machin- 
ing and Punching of Laminated Phenolic 
Plates. 


The following A.S.T.M. shellac meth- 
ods and specifications, recommended by 
Committee D-1 on Paint, Varnish, Lac- 
quer, and Related Products for submittal 
to the ASA for approval as American 
Standard, were reviewed by a special 
committee of Sectional Committee C59, 
consisting of J. A. Scott (chairman) 
and W. A. Evans, to determine whether 
these standards are acceptable so far 
as their electrical uses are concerned: 


A.S.T.M. Standard Specifications for: 

Dry Bleached Shellac (D 207-35), 
Orange Shellac (D 237-41), 
Shellac Varnishes (D 360-41), and 
A.S.T.M. Standard Methods of: 

Sampling and Analysis of Shellac (D 29 - 40). 


In accordance with the recommenda- 
tions of this reviewing committee, the 
sectional committee has referred these 
standards to Committee D-1 with the 
suggestion that the scopes of Specifica- 
tions D 207, D 237, and be 
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to indicate that they do not cover shellac 
intended for use as an electrical insula- 
tion material and that there be a cross 
reference in Methods D 29 calling atten- 
tion to the fact that certain additional 
tests, covered in the Methods of Testing 
Shellac Used for Electrical Insulation 
(D 411 — 40), need to be made in the 
testing of shellac for electrical uses. 
The methods incorporated in Standard 
D 411 — 40 are now being considered by a 
special subcommittee consisting of Dean 
Harvey (chairman) arg] R. W. Atkinson. 

A preliminary list of available stand- 
ards for electrical insulating materials 
has been prepared by the sectional 
committee which represents the first step 
in compiling a library of available 
standards for electrical insulating ma- 
terials to be deposited in the office of 
the secretary. This list has yet to be 
reviewed and any desirable additions or 
corrections made. If there appear to be 
duplicate or’ conflicting standards, it 
is desirable that the specifications be 
harmonized and a single standard de- 
veloped as a National standard. Gaps 


Fat. 


On 


Py 


might also be noted where standards 
are still needed. It is hoped that this 
list will be useful as a guide in the 
activities of the sectional committee. 

In view of the shortage of critical 
materials, much interest was shown at 
the February meeting in the study of 
synthetic and new materials. A special 
group was appointed consisting of F. S. 
Mapes (chairman), Dean Harvey, and 
W. A. Evans to give consideration to a 
broader field of products such as cellu- 
lose acetate, polyvinyl chloride, poly- 
vinyl acetate, etc. 

The sectional committee now has 
under consideration the preparation of a 
handbook covering the properties of 
insulating materials, particularly elec- 
trical properties. It is hoped that this 
project will be furthered during the year. 


Respectfully submitted on behalf of 
the sectional committee, 


H. L. Curtis, 
C. 
R. E. Hess, % 
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ni REPORT OF COMMITTEE D-11 
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Committee D-11 on Rubber Products 
held one meeting during the past year. 
This was in connection with the spring 
group meetings of A.S.T.M. committees 
in Cleveland, Ohio, on March 4, 1942. 
In addition, the subcommittees have 
actively carried on their work, and defi- 
nite progress has been made. 

Subsequent to the 1941 annual meet- 
ing, Committee D-11 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 

New Tentative Methods of: 

Testing Asphalt Composition Battery 
tainers (D 639 - 41 T), and 

Sampling and Testing Rubber Latex (D 640 - 

41 T). 
Revision of Tentative Methods of: 


Chemical Analysis of Rubber Products ( (D 297 - 
40 T). 


These recommendations were ac- 
cepted! by Committee E-10 on August 
25,'1941, and appear in the 1941 Supple- 
ment to the Book of A.S.T.M. Standards, 
Part ITI. 

The new tentative methods of test for 
asphalt composition battery containers 
and for sampling and testing latex both 
apply in fields where no standardized pro- 
cedures have hitherto been available, 
and where such standardization was 
badly needed. This is particularly true 


Con- 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-11 reported the potowing 
results of the letter ballot vote of a total of 71 ballots 
returned from a committee membership of 122: D 640, 
affirmative 48, negative 0, ballots marked “‘not voting ms 
23; D 639, affirmative 36, negative 0, ballots marked “not 
voting” 35; D 297, affirmative 58, negative 0, ballots 
marked “not voting” 13. 
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in the case of the asphalt composition 
battery containers, because of their in- 
creasing importance due to the shortage 
of crude rubber created by the war. The 
subcommittees have given these methods 
considerable study and are agreed that 
they represent the best current practice. 
The revisions in the chemical analysis 
methods simplify and refine the proce- 
dures for sample preparation. They 
also add a new type of extraction appara- 
tus which many laboratories prefer, 
because the reduced size permits more 
accurate weighing. In addition, atten- 
tion is called to possible ignition losses, 
which had previously been ignored. 
During the year, the following stand- 
ards under the jurisdiction of Committee 
D-11 were approved as American stand- 
ard by the American Standards Associa- 
tion, and assigned the ASA numbers 
indicated: 
Standard Methods of: 


Sample Preparation for Physical Testing of 
Rubber Products (D 15-41; ASA Ji.1- 
1942), 

Tension Testing of Vulcanized Rubber (D 412 - 
41; ASA J2.1-1942), 

Test for Adhesion of Vulcanized Rubber (Fric- 
tion Test) (D 413 - 39; ASA J3.1-1942), 

Test for Accelerated Aging of Vulcanized Rub- 
ber by the Oxygen-Pressure Method (D 572 - 
41; ASA J4.1-1942), 

Test for Accelerated Aging of Vulcanized Rub- 
ber by the Oven Method (D 573-41; ASA 
J5.1-1942), and 


Standard Specifications for: 

Electrical Gloves (Voltage Rating of Gloves— 
3000 Volts) (D 120 - 40; ASA C59.12-1942). 
Agreement has been reached between 

Committee D-20 on Plastics and Com- 


mitt 
lishi 
in ju 
whi 
ficia 


juris 
folle 
tion 


visio’ 
Insul 
30 p 
(D2 
for us 
sary 
cause 
simil: 


alter: 
catio: 


cover 
and ¢ 
neces 
als. 

visior 
tions: 
(D 35 


| 
| 
Bi 
if 
Bi 
N 
Pc 
Tl 
Le 
Em 
A 
D 
utili 
conn 
chan 
insul 
acce] 
By ninke 
hl 
4 i) 
2 


tion 

lage 

The 

10ds 
that 
tice. 
lysis 
‘oce- 
‘hey 
ara- 
efer, 
nore 
tten- 
SSeS, 


and- 
ittee 
and- 
ocia- 
abers 


ng of 
ji.i- 


mittee D-11 on Rubber Products, estab- 
lishing an arbitrary line of demarcation 
in jurisdiction over rubber-like materials 
which might be classified either as arti- 


ficial rubbers or as plastics. It has been 
agreed that Committee D-11 shall have 
jurisdiction over products made from the 
following rubber-like materials, in addi- 
tion to those made from natural rubber: 


Butadiene synthetic rubbers: 
Buna 

Polyisobutylene, 

Thiokol, and 


Latices from any of the above materials. 
EMERGENCY ALTERNATE PROVISIONS 
AND EMERGENCY SPECIFICATIONS 


During the year Committee D-11 has 
utilized the new emergency procedure in 


connection with a number of urgent- 


changes in the specifications for rubber 
insulated wire and cable. On August 
25, 1941, Committee E-10 on Standards 
accepted for publication in the form of a 
pink sticker an emergency alternate pro- 
vision in the Standard Specifications for 
Insulated Wire and Cable: Class AO, 
30 per cent Hevea Rubber Compound 
(D 27 — 41), covering alternate sheetings 
for use in cable tape, which became neces- 
sary owing to the scarcity of materials 
caused by the war. Subsequently, for 
similar reasons, additional emergency 
alternate provisions in these same specifi- 
cations were recommended and were 
accepted by Committee E-10 on April 
6, 1942. These emergency provisions 
cover changes in the braid requirements, 
and changes in the conductor which are 
necessary because of scarcity of materi- 
als. Similar emergency alternate pro- 
visions were recommended in Specifica- 
tions for Performance Rubber Compound 
(D 353 — 41), for Heat-Resisting Rubber 
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Compound (D 469 — 41), and for Ozone- 
Resistant Type Insulation (D 574 - 
40 T). The test requirements were 
lowered in the performance compound 
called for by Specifications D 353 in line 
with the rubber conservation program. 
All of these emergency alternate provis- 
ions were accepted by Committee E-10 
on April 6, 1942. The committee also 
recommended emergency alternate pro- 
visions in the Tentative Specifications for 
Rubber Sheath Compound (D 532 —-39 T) 
which were accepted by Committee E-10 
on April6,1942. Thesealternate provis- 
ions involve some reduction in the quality 
of the rubber compound, which became 
necessary in order to save crude rubber in 
accordance with the present restricted 
governmental program. 

Subsequently, new Emergency Specifi- 
cations for Rubber Sheath Compound for 
Electrical Insulated Cords and Cables 
Where Extreme Abrasion Resistance is 
not Required, were recommended by the 
committee and accepted by Committee 
E-10 on May 8, 1942. They have been 
published under the A.S.T.M. designa- 
tion ES-—6. These specifications also 
are in line with the Governmental pro- 
gram for restricting the use of crude 
rubber, and covered a lower grade rubber 
jacket which could be used in many cases 
in place of the higher quality materia] 
specified in Specifications D 532. 

The committee wishes to go on record 
as stating that the new emergency pro- 
cedure has been found very helpful in its 
work. 


I. New TENTATIVE STANDARDS 
Tentative Method of Test for Identation 
of Rubber by Means of the Durometer2— 
For the past several years Subcommittee 
XVII on Vibration Absorption, and 
Technical Committee A on Automotive 
Rubber have given a great deal of atten- 
tion to the development of a hardness 


? This method was accepted as tentative by the Society 
ont appears in the 1942 Book of A.S.T.M. Standards, Part 
p. 1334. 
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test instrument for rubber which would 
be more convenient for rapid inspection 
work than the instrument prescribed by 
the A.S.T.M. Method of Test for Hard- 
ness of Rubber (D 314-39). The Shore 
durometer is the instrument which has 
had most wide acceptance, but the com- 
mittees felt that it was somewhat lacking 
in reliability and in duplicability of the 
readings. Many instruments have been 
investigated, but so far none has been 
found which possesses all of the charac- 
teristics desired. Consequently, the 
committees have given considerable at- 
tention to means whereby the defects of 
the Shore durometer could be minimized. 
It is now felt that standardization and 
calibration of durometers will go a long 
way toward accomplishing the objec- 
tive sought. To this end, the committee 
recommends that the Method of Test for 
Indentation of Rubber by Means of the 
Durometer be accepted for publication 
as tentative, as appended hereto.” 


II. REvis1ons oF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends the imme- 
diate adoption of revisions in two stand- 
ard methods of test, as given below, and 
accordingly requests a nine-tenths affirm- 
ative vote at the annual meeting in order 
that these recommendations may be 
referred to letter ballot of the Society. 

Standard Method of Test for Accelerated 
Aging of Vulcanized Rubber by the Oxygen- 
Pressure Method (D 572 — 41)? 

Section 4.—Transfer Paragraphs (0) 
and (h) of Section 4 on Apparatus to ap- 
pear as Paragraphs (6) and (c) of Section 
8 on Procedure for Accelerated Aging, 
relettering the remaining paragraphs ac- 
cordingly. 

Section 8.—Add the following Note at 
the end of this section: 


31941 Seugioment to Book of A.S.T.M. Standards, 
p. 76. 


bid., p. 635. 
5 Ibid., p. 81 
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Notre.—For the evaluation of rubber com- 
pounds intended for service at elevated tempera- 
tures, the above methods may be used with an 
operating temperature of 80 + 1 C., employing 
time intervals as suggested in Section 8 (6), or 
as otherwise agreed upon. It should be noted 
that by increasing the aging temperature to 
80 C. from 70 C. the rate of oxidation may be 
expected to be approximately double, and if the 
rubber compound is of a rapid aging type, or if 
it is contaminated with such materials as copper 
or manganese, the rate of oxidation may be 
catalyzed to such extent as to become violent. 


Tentative Revision Withdraw the 
tentative revision in Section 4 (6) and 
Section 8 (b) submitted in June, 1940.‘ 

Standard Method of Test for Accelerated 
Aging of Vulcanized Rubber by the Oven 
Method (D 573 — 41) :5 

Section 4.—Transfer Paragraph (c) of 
Section 4 on Apparatus to appear as 
Paragraph (bd) of Section 8 on Procedure 
for Accelerated Aging, relettering the re- 
maining paragraphs accordingly. 

Section 8.—Add the following Note at 
the end of this section: 


Nore.—For the evaluation of rubber com- 
pounds intended for service at elevated tempera- 
tures, the above methods may be used with an 
operating temperature of 90 + 1 C., employing 
time intervals as suggested in Section 8 (5), or 
as otherwise agreed upon. It should be noted 
that by increasing the aging temperature to 
90 C. from 70 C. the rate of oxidation may be 
expected to be approximately quadruple, and if 
the rubber compound is of a rapid aging type, or 
if it is contaminated with such materials as 
copper or manganese, the rate of oxidation may 
be catalyzed to such extent as to become violent. 


III. oF TENTATIVE 
STANDARD AS STANDARD 


The committee recommends that the 
Tentative Methods of Test for Viscosity 
and Total Solids Content of Rubber 
Cements (D 553-39T)*® be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision. These methods will undoubt- 
edly be added to in the future, but the 


«#1939 Book of A.S.T.M. Standards, Part III, p. 928 
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m- — present procedures have been in the ten- 
pol tative status for three years without ad- 
ing | Verse criticism, and may be considered as 
or | Satisfactory for the determinations 
ted § covered. 
to 
- be IV. STANDARDS CONTINUED WITHOUT 
the REVISION 
wr if 
c The committee recommends that all 
ype 
be — standards and tentative standards under 
t. its jurisdiction not mentioned in this re- 
the | port be continued in their present status 
and | Without revision. These have been re- 
4 viewed and no changes are felt to be 
ated § justified at present. 
wen F 
The recommendations appearing in 
) of this report have been submitted to letter 
: ae ballot of the committee, which consists of 
dese 121 voting members; 62 members re- 
>re- | turned their ballots, with the results 
shown in Table I. 
e at 
TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 
Ballots 
com- Items Negs- (Marked 
tive tive Not 
pera- | Voting” 
th an — 
oying I. New TENTATIVE STANDARD © 
b), or Test for Indentation of Rubber by 
noted Means of the Durometer........ 41 1 20 
re to II. REvIsIONs OF STANDARDS, 
he IumepIATE ADOPTION 
ay We Test for Accelerated Aging of Vul- 
and if canized Rubber by the Oxygen- | 
or Pressure Meth (D 572 - 41; 
pe, ASA J 4.1 - 1942) 47 | 2 13 
ils as Test for Accelerated Aging of Vul- | 
7 i ubber by the Oven 
may Method (D 573-41; ASAJ 5.1 - 
Ill. Aportion or TENTATIVE 
STANDARD AS STANDARD 
Tests for Viscosity and Total Solids 
tent of Rubber Cements | 
(D 553-39T)...... 37 | 0 25 
t the ‘ ! 
‘osity 
ibber ACTIVITIES OF SUBCOMMITTEES 
roved During the year there have been sev- 
e So- f eral changes in chairmanship of subcom- 
thout § mittees: W. F. Tuley resigned as chair- 
ret man of Subcommittee XVIII on 
it the } Dynamic Fatigue Testing for Rubber 
s — ’roducts and has been succeeded b 
p. 92 y 


On Propucts 


W. J. Geldard; L. M. Freeman, chairman 
of Subcommittee XXI on Tests of Liquid 
Rubber Products has been succeeded by 
J. F. Anderson; O. M. Hayden has re- 
tired as chairman of Subcommittee XIX 
on Tests for Properties of Rubber and 
Rubber-like Materials in Liquids, and 
has been succeeded by J. A. Baty. 

Interest in the work of the subcommit- 
tees has been well sustained during the 
year. 

Technical Committee A on Automotive 
Rubber (L. A. Danse, chairman).—Tech- 
nical Committee A has been very active 
during the year in the development of 
standardization and simplification proj- 
ects on rubber compounds. The first 
of these projects dealt with the entire 
range of rubber qualities used in the 
automotive industry. In the past the 
various grades supplied by the rubber 
companies amounted to several hundred. 
Maintenance of all of these qualities in- 
volved substantial waste through stock 
overage on orders and in connection with 
the technical task of running them in 
production. The program and classifi- 
cation finally approved by Technical 
Committee A reduced the number of 
standard compounds for the automotive 
industry to 40, and defines these 40 com- 
pounds in terms of their physical prop- 
erties. It is contemplated that these 
compounds will answer most of the needs 
of the entire automotive field. The sav- 
ing which will be accomplished by 
adoption of such a standardized com- 
pound program is inestimable. The 
standard list has been submitted to the 
Society of Automotive Engineers and will 
also be recommended to the A.S.T.M. for 
publication.’ The second project is par- 
allel to the first, but deals with synthetic 
rubbers instead of natural rubbers. The 
situation here is somewhat different, in 


7 Published in A.S.T.M. Butiertin, No. 117, August 


1942, p. 66; also as subsequently revised in compilation of 
“A$ Standards om Rubber Products,” Feb 
1943, issued mee 


as separate publication. 
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| that synthetic rubber is just coming into 
widespread use, and the standardization 
program will guide its expansion rather 


than restrict an already overexpanded 
field. ~The synthetic prograrn, also, is 
nearly ready for publication and will be 


handled in’ a manner similar to the 


i 


emergency requirements. 
This subcommittee has held several 
meetings apart from the main committee. 
Subcommittee V on Insulated Wire and 
Cable (R. A. Schatzel, chairman).—Fol- 
lowing the last annual meeting, Sub- 


committee V recommended editorial 
changes in the rubber insulated wire 
Bae specifications (D 27-41), referring to 


the conductor, intended to bring the 
specifications into agreement with new 
specifications adopted by Committee 
B-1 on Copper and Copper Alloy Wires. 
These editorial changes were incorpo- 
rated in the specifications. The sub- 
committee has been extremely active as 
is evidenced by the emergency provisions 


* 


and specifications mentioned earlier in 
report. 
hey fe The subcommittee expects to present 


revised emergency alternate provisions 
in the Standard Specifications for In- 
sulated Wire and Cable: Heat-Resisting 
at Rubber Compound (D 469 — 41) through 


pe 


Lad 


natural rubber compound project. 
= Subcommittee I on Hose (E. G. Kim- 
eee mich, chairman).—This subcommittee 
has given considerable attention to the 
question of fire hose. Radical changes 
have been made in this product by the 
ag we War Production Board as the result of 
os “as the need to economize in the use of rub- 
ber. The subcommittee is working on 
_ this problem and expects, in the near 
Ro _ future, to submit to the Society proposed 
= emergency alternate provisions in the 
Standard Specifications for Cotton Rub- 
ber-Lined Fire Hose for Public and 
Private Fire Department Use (D 296 - 
_ 38) to bring them in agreement with the 


Committee E-10 on Standards later in 
the year.® 

Work is in progress on an improved 
moisture absorption test. 

Subcommittee VI on Packings (William 
Staniar, chairman).—This subcommittee 
is actively at work on standard methods 
of test for compressed asbestos sheet 
which are of great importance in the air- 
plane industry, and expects to recom- 
mend them to the Society through Com- 
mittee E-10 on Standards in the near 
future. 

A section is also working on treated 
paper. Atits March meeting a technical 
paper was presented by FrederickThorn 
on ‘‘Machines for Testing Reciprocating 
Packings.’”® 

Subcommittee XI on Chemical Analysis 
of Rubber Products (S. Collier, chairman) 
organized a section on Methods of 
Analysis for Synthetic Rubber. 

J. A. Baty presented a paper on “A 
Direct Determination of Rubber by 
Chromic Acid Oxidation.” It is hoped 
that out of this will come a much 
needed analytical procedure. 

Subcommitiee X V on Aging Tests (J. H. 
Ingmanson, chairman).—This subcom- 
mittee has been very active in the 
investigation of artificial light aging of 
rubber and has carried out an extensive 
test program, a summary of which ap- 
pears in the Appendix to this report. 

Subcommittee XIX on Tests for Prop- 
erties of Rubber and Rubber-Like Mate- 
rials in Liquids (J. A. Baty, chairman) 
expects to present through Committee 
E-10 on Standards® a revision in the 
Tentative Methods of Test for Changes 
in Properties of Rubber and Rubber- 
Like Materials in Liquids (D 471 — 40 
T) making the so-called Garvey method” 


8 See Editorial Note, p. 391. 
® Published in ASTM BuLietin, No. 116, May, 1942, 


23. 
° 10 B. S. Garney, Jr., “An Immersion Test for Rubber 


Compounds,” published in ASTM Butzetin, No. 109, 
March, 1941, p. 19. 
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an alternative to the present method of 
measuring changes in volume during 
immersion. 

Subcommittee XXI on Adhesion of 
Rubber Films (J. F. Anderson, chair- 
man).—This subcommittee is actively 
working on the problem of adhesion of 
rubber films, with particular reference 
to balloon seams. 

Comments to date on the methods of 
sampling and testing rubber latex which 
were published during the past year have 
been very favorable. 

Committee D-11 has authorized a new 
subcommittee on Physical Properties 
of Rubber and Rubber-Like Materials 
at Subnormal Temperatures. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: fide 


Chairman, J. H. Ingmanson. 
Vice-Chairman, S. Collier. 
Secretary, Arthur W. Carpenter. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 121 members; 62 members 
returned their ballots, of whom 61 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 

O. M. Haypen, 

Chairman. 

Secretary. 


NOTE 


aa 


_and are also available as a separate reprint. 


Subsequent to the annual meeting, Committee D-11 presented to the Society 
through Committee E-10 on Standards proposed Emergency Alternate Pro- 
visions in the Standard Specifications for Friction Tape for General Use for 
Electrical Purposes (D 69 — 38) and for Rubber Insulating Tape (D 119 — 38). 
These emergency provisions were accepted by Committee E-10 on November 
25, 1942, and issued under the designations EA — D 69 and EA — D 119, respec- 
tively. They were published in ASTM Buttettn, No. 120, January, 1943, p. 54, 
and have been issued in the form of pink stickers for attachment to the standards 
to which they apply. 

Committee D-11 also submitted to Committee E-10 proposed changes in the 
Emergency Alternate Provisions in the Standard Specifications for Insulated 
Wire and Cable: Heat-Resisting Rubber Compound (EA — D 469), referred to 
in this report, which were accepted by Committee E-10 on January 15, 1943. 
The revised emergency provisions were published in ASTM Buttery, No. 
120, January, 1943, p. 55, under the designation EA — D 469a, and have been 
issued in the form of a pink sticker for attachment to the specifications. 

On February 18; 1943, Committee E-10 accepted proposed revisions in the 
Tentative Methods of Test for Changes in Properties of Rubber and Rubber- 
Like Materials in Liquids (D 471 - 40 T) recommended by Committee D-11. 
The revised tentative methods appear in the special compilation of “A.S.T.M. 
Standards on Rubber Products,” 1943, p. 131, under the designation D 471-43 T, 
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APPENDIX 


vas DIGEST OF COOPERATIVEJTEST PROGRAM ON ACCELERATED 


At a meeting held at the time of the 
1941 Spring Committee Meeting, Sub- 
committee XV on Life Tests for Rubber 
Products of Committee D-11 on Rubber 
Products decided to conduct a coopera- 
tive test to obtain preliminary informa- 
tion with regard to the performance of 
the Proposed Method of Test for Re- 
sistance to Accelerated Light Aging of 
Rubber Compounds.’ 

While the method as written practi- 
cally specified the use of the National 
Carbon Co. 1A Weathering Unit, it was 
agreed that tests should be made with 


two other designs of apparatus and that — 


outdoor exposure tests should be made 
for purposes of correlation. The three 
types of apparatus used were as follows: 

1. ‘“‘The Eveready Accelerated Weath- 
ering Unit 1A” produced by the National 
Carbon Co. with a flaming arc light 
source at 60 amp., 50 v. with radiation 
filtered through Corex D glass, samples 
at a distance of approximately 18 in. 
from the light source and subjected to a 
mild spray of water once every 2 hr. 

2. The Weatherometer, type BWMC, 
produced by the Atlas Electric Devices 
Co., using a single neutral carbon arc at 
17 amp. and 220 v. enclosed in a Pyrex 
glass bowl with exposed specimens 
sprayed with water every 20 min. 

3. The improved Weatherometer, type 
DLTS, produced by the Atlas Electric 
Devices Co., using twin arcs as above 


York, N. 
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1 Member of the Technical gue, Bell Telephone Labo- 
tories, 
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and a cycle of 3 hr. light exposure and 1 
hr. water spray. 

In the course of formulating the test 
program, it was reported by two labora- 
tories that the rate of deterioration in 
tensilestrength of rubber exposed in the 
Eveready equipment with Sunshine car- 
bons and Corex glass filters was no more 
rapid than in direct summer sunlight 
outdoors, but that without the filters, the 
rate of deterioration was accelerated by 
a factor of about ten. It was also re- 
ported that unstretched specimens de- 
teriorated as rapidly both on outdoor 
exposure and in accelerated tests as 
stretched specimens except as affected 
by cracking which occurred on stretched 
samples. Accordingly, both of these 
facts were considered in the formulation 
of the program of tests. 

Ten laboratories participated in the 
test program, five laboratories using the 
Eveready equipment, one the Atlas single 
arc and one the Atlas twin arc equipment 
while five laboratories conducted outdoor 
exposure tests. However, only four of 
the latter reported test data. The lab- 
oratories participating in the tests were 
as follows: 

Atlas Electric Devices Co. 

Bell Telephone Laboratories, Inc. 

E. I. du Pont de Nemours and Co. 

The Firestone Tire and Rubber Co. 

The B. F. Goodrich Co. 

The Goodyear Tire and Rubber Co. 

Manhattan Rubber Manufacturing 

Division 

National Carbon Co. 

U.S. Navy, Bureau of Ships 

United States Rubber Co. 
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The laboratories are designated in the 


report by letters A to J. The letter des- 
ignations, however, do not correspond to 
the above alphabetical listing. 

Five typical rubber compounds were 
selected for test. ‘These were (1) a tire 
tread, (2) a white sidewall, (3) a hose 
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deterioration was more rapid. Since it 
was desirable that results be obtained as 
rapidly as possible, it was agreed that for 
the test program sheets should be approx- 
imately 0.015 in. thick which was con- 
sidered to be the practicable lower thick- 
ness limit. 
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Exposure, 
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hr. 


150 


Fic. 1.—Rubber Compounds Exposed in the Eveready Accelerated Weathering Unit 1A. jie, 


Averaged results from laboratories A, B, C, D, and E. 


cover, (4) a wire insulation, and (5) a 
neoprene veneer. 

Test sheets, 2 by 6 in. in size, of the 
compounds were prepared. All cures 
were considered to be technical. While 
the draft as written requires that test 
sheets for exposure shall be 0.045 to 
0.100 in. thick, preliminary experience 
had shown that with thinner specimens 


The dimensions of the test sheets, 2 by 
6 in., permitted cutting 2 tension speci- 
mens from each. The A.S.T.M. type 
A,* 0.5-in. die was used for cutting the 
tension specimens. The program speci- 
fied that tension tests should be made not 
less than 24 nor more than 48 hr. after the 

* Standard Methods of Tension Testing of Vulcanized 


Rubber (D 412 - 41), 1941 Supplement to Book of A.S.T.M. 
Standards, Part III, p. 69. 
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termination of the exposure. It was im- 
possible to adhere to this schedule in 
many cases. 

Four sheet specimens 2 by 6 by 0.015 


in. of each compound were furnished to 


Aging tests, both in machines and out- 
door, were started late in May, 1941. 
The longest scheduled outdoor aging 
period was completed late in October, 
1941. 
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Exposure, hr. 
<i Fic. 2.—Rubber Compounds Exposed in the Atlas Weatherometer Laboratory A. 


Single arc, Pyrex bowl, water spray. 


each laboratory for exposure in accord- 
ance either with the ““Aging Machine”’ or 
“‘Outdoor”’ schedule as given below. 


AGING MACHINE SCHEDULE 


Compound 1....Control 100, 150, and 200 hr. 
Compound 2....Control 25, 50, and 100 hr. 
Compound 3....Control 100, 150, and 200 hr. 
Compound 4....Control 50, 100, and 150 hr. 
Compound 5....Control 100, 150, and 200 hr. 
Ovurpoor SCHEDULE 
Compound 1....Control 50, 100, and 150 days 
Compound 2....Control 20, 35, and 50 days 


Compound 3....Control 50, 100, and 150 days 
Compound 4....Control 25, 50, and 75 days 
Compound 5. . Control 50, 100, and 150 days 


4 


Specimens were mounted for exposure 
on tin- or aluminum-covered wood 
panels. Stainless steel or monel metal 
tacks were used to fasten sheet specimens 
to the panels. 

The National Carbon equipment was 
operated without filters but with the 
water spray. The Atlas equipment was 
used with the water spray but not the 
freezing cycle. Outdoor exposures were 
at 45 deg. to the horizontal facing south- 

Reports of light intensities for Ev- 
used by three labora- 
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tories as determined by the A.S.T.M. 
Proposed Method for Calibrating a Light 
Source Used for Accelerating the Deteri- 
oration of Rubber‘ using the decomposi- 
tion of uranyl oxalate are given below. 


_ plotted in Fig. 1. 
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The averaged results of tension tests 
for each compound from the five labora- 
tories using Eveready equipment are 
Figures 2 and 3 show 
the results of tension tests on all five 


110 
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Exposure , hr. 
Fic. 3.—Rubber Compounds Exposed in the New Atlas Weatherometer Laboratory F. gr é 
Twin arc, Pyrex globe, water spray. rt 


Ambient air temperature at the plane of 
the samples as reported is also given. 


Light Intensity, Ambient 


Labora- mg. of oxalic Temperature, 
tory acid deg. Fahr. 
5.0 131 to 145 
6.5 
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compounds aged in the Atlas single arc 
and Atlas twin arc machine, respectively. 
Figure 4 shows the average of outdoor, 
direct unignt aging for the five com- 
pounds. 


Discussion 


The final tensile strength results both 
in the light aging machines and in direct 
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- sunlight show the neoprene veneer stock 
to be most resistant to deterioration. 
In all cases the same order of evaluation 


as in outdoor aging. The order of evalu- 
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was obtained in the Eveready equipment , 


Among the various laboratories using 
the Eveready equipment, laboratory A 
was most severe with each of the five 
compounds. In the case of the tire 
tread compound, laboratory A showed a 
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ation by the various test methods fol- 
lows: 


Twin Arc Single Arc 
Neoprene Neoprene 
Tire tread Hose cover 
Sidewall Tire tread 
Hose cover Sidewall 
i Insulation 


Ae. 4.—Outdoor Exposures, May to October, 1941. Average of laboratories A, G, and H. 


final deterioration of about 80 per cent. 
Deterioration with the same equipment 
in the other four laboratories varied from 
about 50 to 63 per cent. In the case of 
the white sidewall compound, laboratory 
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cent, laboratory B almost 80 per cent, 
and the other three laboratories between 
50 and 60 per cent. In the case of the 
hose cover compound, laboratories B, D, 
and £ reported results reasonably close 
together with laboratory A results most 
severe and laboratory C reported inter- 
mediate results which were less severe 
but quite well in line finally. All test re- 
sults in the case of the wire insulation 
compound showed deterioration of over 
90 per cent. A variation of 15 to 37 per 
cent deterioration was reported from the 
five laboratories for the Neoprene veneer 
compound. 

Among the four laboratories reporting 
outdoor exposure tests the variation in 
final deterioration for the white sidewall 
and insulation compound were quite con- 
sistent. In the ‘case of the other three 
compounds, the results of three labora- 
tories were consistent, laboratory A 
being more severe in the case of the hose 
cover and laboratory J being more severe 
with the tire tread and Neoprene stock. 

A possible cause for variation in re- 
sults reported for Eveready exposure is 
temperature variation. Only three lab- 
oratories reported ambient temperatures 
adjacent to exposed specimens. These 
varied from 112 to 145 F., the latter be- 
ing reported by laboratory C. Varia- 
tions in outdoor aging results may be 
accounted for by variations in locality, 
local temperature, prevalence of dust, 
rainfall and other climatic conditions. 

The single arc Weatherometer showed 
little deterioration as compared with the 
other exposures. The twin arc Weather- 
ometer gave results which were some- 
what more severe than the average of 
those obtained by the five laboratories 
using the Eveready equipment. 

The degree of deterioration obtained 
in the Atlas twin arc Weatherometer and 
the average for the Eveready as com- 
pared with the average deterioration ob- 
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tained on outdoor exposure varied con- 
siderably for the five compounds tested. 
Approximate exposure time in the ma- 
chines in hours equivalent to 1-day 
outdoor exposure are given below. 


pes Atlas Twin 
Compound Eveready Arc 

White 
Hose cover............... 1.4 


Visual examination of weathered speci- 
mens clearly demonstrated differences in 
character of the weathered surface layer 
not only between the naturally and arti- 
ficially weathered samples but (to a 
lesser degree) between the weathering 
units of the different laboratories. This 
indicates a lack of uniformity in perfor- 
mance of the weathering units, which 
may result from differences in location 
resulting in differences in temperature, 
from differences in character and volume 
of water supply, in the cycle, the position 
of the sample in the unit, which affects 
the way in which the sample is hit by the 
water spray and the volume of water 
passing over its surface, the manner of 
support, and so on. 

Removal of the filters unfortunately 
results in a disturbance of the ventilation 
conditions around the arc and an increase 
in the temperature at the sample. Con- 
siderable heat aging must have occurred 
which is not differentiated from the light 
aging. That the temperature of expo- 
sure was too high is indicated by the fact 
that some of the samples—particularly 
compound 3—became tacky on the side 
remote from the light source. 

While the appearance of the surfaces 
was of the same general character in the 
specimens weathered in the Eveready 
unit, it was definitely different from that 
of the outdoor specimens. In the case 
of compounds 1 and 3, for example, the 


é 


“af 


| 
ro 
ag 
A aha. 
ve 4 
AB 
re 
La 
- 
$ 
if 
ai 
vay 
? 
Bis. 
‘ 
2 
| 
ent. 
nent 
rom 
se of 
| 


surface skin tended to bend down into 
the cracks in the outdoor samples, while 
the Eveready unit samples produced 
cae patches of skin with a tendency to curled- 
up edges giving the appearance of flaking. 


The Weatherometer samples had, in 
oy general, a finer textured skin than the 
others. 

% From these observations it would ap- 


¥ 


pear that a problem to be solved is to 
secure uniformity in performance be- 
tween identical units operated in differ- 
ent laboratories. To this end it would 
seem advisable to make a much more 


fA Bs detailed study of a single compound to 
___ establish the reasons for departure from 
oh, 
| 
p > a: The Eveready unit without filters and 
the Atlas Twin arc Weatherometer effect 
oe a more rapid deterioration of vulcanized 
fubber on exposure than outdoor expo- 
ss gure in the summer. The degree of 


acceleration varies with the particular 
compound being tested. In these tests 
it was found that from 0.6 to 3.0-hr. ex- 
posure in the machines, depending on the 


r 


se 
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compound, was equivalent to 1 day of 
outdoor summer exposure. The proce- 
dure followed in making Eveready tests 
is not sufficiently standardized to obtain 
satisfactorily comparable results in sev- 
eral laboratories with a wide variety of 
compounds. The Atlas single arc equip- 
ment shows little acceleration in aging 
rate as compared with the Atlas twin arc 
and Eveready equipment as used in these 
tests. No broad conclusions can be 
drawn from the results of tests in the 
Atlas twin arc equipment since results 
were reported from only one of these ma- 
chines. It is suggested that measure- 
ments of the total radiation may be of 
greater significance than measurements 
in the ultraviolet region alone. Further 
standardization in connection with venti- 
lation and maintenance of a constant 
uniform temperature around the exposed 
specimens appears desirable. Further 
work is required to determine the effect 
of thickness of exposed sample on rate of 
deterioration. If exposure periods are to 
be for time periods such as were used in 
these tests it may be desirable to use 
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Committee D- 12 on Soaps and Other 
Detergents held one meeting this year 
on March 9 and 10, 1942, at the Hotel 
New Yorker, New York, N. Y. There 
was a very large attendance, over two- 
thirds of the membership being present. 

Mr. R. E. Divine, after 52 years in 
the soap industry, retired this year. 
He will be greatly missed at committee 
meetings, because of his invaluable experi- 
ence. He has been replaced by Burr H. 
Ritter as representative of the Hooker 
Electrochemical Co.; C. C. Ziegler 
replaces Mr. Divine on the Advisory 
Committee. W. H. Koch has replaced 
J. E. Doherty on the Advisory Commit- 
tee. 

The following additional changes in 
personnel of the committee have oc- 
curred: 


New Members: 


G. D. Marrocco, representing Carman and Co. 
Earl D. McLeod, representing Arnold Hoffman 
and Co. 
Captain Ross A. Wright, Quartermaster Corps, 
Laundry Branch, War Department. 
Director, U. S. Naval 
Annapolis, Md. 


New Representatives: 


Ralph S. Frazer replacing L. T. How ells, | Cowles 
Detergent Co. 

L. B. Parsons replacing J. E. Doherty, Lever 
Brothers. 

G. A. Wright replacing J. A. Jennaman, E. I. 
du Pont de Nemours & Co., Inc. 


Resigned from Society: 
|. A. Winkler, Consulting Textile and Chemical 
Engineer. 


C. B. Hogaboom has been designated 
iS the representative of Committee B-8 


on Electrodeposited Coatings on Com- 
mittee D-12. 

The present membership of the com- 
mittee is 71, of whom 35 are classified 
as producers, 19 as consumers, and 17 as 
general interest members. 

The election of officers for the ensuing 
term of two years resulted in the re- 
election of the present incumbents. 

At its March meeting, the committee 
devoted much of its time to studying 
emergency provisions in the specifica- 
tions under its jurisdiction necessitated 
by shortages of materials. This study 
was particularly appropriate, since the 
War Production Board was preparing 
regulations controlling the use of fat 
stocks and placing limits on the glycerol 
content of soaps in order to conserve the 
glycerol. The proposals of the W. P. B. 
were to place a limit of 0.7 per cent on 
glycerol in boiled soaps, but to allow 
2.75 per cent content in cold-made and 
semiboiled soaps when plants are small 
and have no glycerol recovery facilities. 
Attention of the manufacturers of soaps 
is called to the fact that soaps must be 
made in accordance with the regulations 
of the W. P. B. for the duration of the 
National Emergency. The Emergency 
Alternate Provisions in several of the 
specifications for soap and soap products 
are listed later in this report. 


2 I. New TENTATIVE STANDARDS 
The committee recommends that the 
following three new specifications be 
accepted for publication as tentative:! 
iThese specifications were accepted as tentative tf 
Standards, Part III, p. 1529, 1533, 1531, respectively. 
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Tentative Specifications for: 

in Compound Chip Soap (with Rosin), 
Compound Powdered Soap (Granulated, with 
Rosin), and 

iS? Built Soap, Powdered (Type D) (D 533-42 

tse T), to be added, when adopted, to the Standard 


Specifications for Built Soap, Powdered (D 


2. 


II. REVISIONS OF TENTATIVE 
STANDARDS 
meats The committee recommends that the 
arr following tentative standards be re- 


vised as indicated below and continued 
as tentative: 


Tentative Specifications for Tetraso- 

dium _Pyrophosphate (Anhydrous) 

T), revised as follows: 

= oat, Section 3 .—Add a footnote reference 
letter “a” after the requirement for 


97.5 per cent tetrasodium pyrophosphate 
in the table of chemical composition 
requirements and add a new footnote to 
read as follows: 


. oN * When the sample is taken at other than the 
Rehr place of manufacture, it shall be recognized 
tetrasodium pyrophosphate (anhydrous) 
- eer is slightly hygroscopic. In the case of ship- 


ments in which the tetrasodium pyrophosphate 
ss content is less than 97.5 per cent, reference 
should be made to Section 5. 


Section 4 —Change from its present 
form: namely, 


4. Tetrasodium pyrophosphate (anhydrous) 
shall be purchased by net weight. 


to read as follows: 


4. Basis of Purchase. — (a) Tetrasodium 
pyrophosphate (anhydrous) shall be purchased 
by net weight. When, however, due to hy- 
groscopicity the tetrasodium pyrophosphate 
content is less than 97.5 per cent, a correspond- 
ing gain in weight of the package shall be ex- 
pected, and the net weight shall be based on a 
product containing 97.5 per cent of tetrasodium 


pyrophosphate. The net weight of the material 
to be paid for shall be calculated as follows: 
RXT 
Vs — 
97.5 
2 1941 


om to Book of A.S.T.M. Standards, 
Part 


1940 Supplement to Book of A.S.T.M. Standards, 
Part Ill, p. 515. 


where: 


W = weight of the material to be paid for, 

R = net weight of material as received, and 

T = total tetrasodium pyrophosphate cal- 
culated as percentage of Na,P;O7. 


(6) In the event that the calculation under 
Paragraph (a) results in a figure greater than 
100 per cent, the seller waives the right to in- 
voice the purchaser for any amount in excess 
of 100 per cent. 


New Section—Add a new Section 5 
on rejection to read as follows: 

5. Rejection.—Material which has picked up 
sufficient water to reduce the tetrasodium 


pyrophosphate content to 95 per cent or lower, 
may be rejected at the option of the purchaser. 


New Section—Add a new Section 6 
to read as follows to replace the present 
note at the end of these specifications. 
This editorial change introduces a refer- 
ence to the methods for sampling and 
chemical analysis of tetrasodium pyro- 
phosphate completed in 1941.4 


6. Methods of Sampling and Analysis.—The 
material shall be sampled and analyzed in 
accordance with the Tentative Methods of 
Sampling and Chemical Analysis of Special 
Detergents (A.S.T.M. Designation: D 501) of 
the American Society for Testing Materials.® 


Tentative Definitions of Terms Relating 
to Soaps and Other Detergents (D 459 - 
41T),® revised as follows: 

Change the definition for detergent 
to read as follows by the addition of the 
italicized words and the omission of the 
word in brackets: 


Detergent.—Any 
mixture which cleans. 


[material] compound or 


Add the following new definitions: 


Detergency.—Effectiveness of soil removal. 

Drycleaning Soap (Drycleaning Aid).—Any 
compound or mixture added to a drycleaning 
solvent to increase cleaning effectiveness. 
‘ Wet-Cleaning (in Drycleaning Industry).— 
Special cleaning processes with aqueous media, 
employed in the drycleaning industry. 
on Am. Soc. Testing Mats, Vol. 41, p. 433 


). 
- 1941 Supplement to Book of A.S.T.M. Standards, Part 
Ill, p. 611. 

Tbid., p. 617. 
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III. Revisions oF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions in following 
standards, and accordingly asks for a 
favorable nine-tenths vote at the annual 
meeting in order that these modifica- 
tions may be referred to letter ballot of 
the Society: 

Standard Specifications for Alkaline 
Soap Powder (D 534-41)’ the changes 
recommended are largely editorial: 

Section 1 .—Change to read as follows 
by the addition of the italicized word: 


1. These specifications cover alkaline soap 
powder. 


Section 2 .—Change the first sentence 
to read as follows by the omission of the 
words in brackets: 


Soap powder shall be a uniform mixture of 
soap and [sodium carbonate, with or without 
other] alkaline salts, in powdered form. 


Section 3 .—In the table of chemical 
composition requirements add the word 
“calculated” after the words “total 
alkalinity.” 


Standard Methods of Sampling and 
Chemical Analysis of Soaps and Soap 
Products (D 460 — 41):° 

Section 59 .—Delete the first sentence 
of the note preceding this section which 
read as follows: 

Since no available methods are known for 


determining sodium ion, it is necessary to deter- 
mine this by difference. 


Such methods are known, but the 
committee feels that the determination 
by difference is still the best method. 


IV. TENTATIVE REVISION OF STANDARD 


The committee recommends that the 
following revisions in a standard method 


? to Book of A.S.T.M. Standards, 
rt 
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be accepted for publication as tentative: 


Standard Methods of Sampling and 
Chemical Analysis of Soaps and Soap. 
Products (D 460 — 


New Sections—Add the following 
description of the procedure for deter- 
mining tetrasodium pyrophosphate 
(Na,sP,07) in soaps and soap products 
as new Sections 49 and 50 renumbering 
the subsequent sections accordingly. 


49. Reagents: (a) Neutral Ethyl Alcohol (95 
per cent).—Denatured ethy] alcohol, 95 per cent. 
neutral to phenolphthalein, either Formula No, 
3-A or No. 30 of the U. S. Internal Revenue 
Bureau. 

(b) Hydrochloric Acid (0.50 N). 

(c) Sulfuric Acid (0.1 N). 

(d) Zinc Sulfate Solution (7 per cent).—Dis- 
solve 125 g. of c.p. ZnSO,-7H,O in water and 
dilute to 1 liter, filter, and adjust the pH to 
exactly 3.8 with a glass electrode using 0.1 NV 
H2SO,. 

(e) Sodium Hydroxide (0.5 N).—Standardize 
the 0.5 N NaOH against c.p. Na,P,0; prepared 
by recrystallizing the technical product three 
times from water, and igniting at 400 C. to 
constant weight. 

50. (a) Procedwre.—Accurately weigh a sam- 
ple containing an equivalent of approximately 
1 g. of Na,P2O;, and digest with 200 ml. of hot, 
freshly boiled, neutral alcohol. Filter through a 
filter paper or Gooch crucible with suction, and 
wash with hot alcohol until free from soap. 
Change receivers, and wash the alcohol-insoluble 
portion remaining on the filter paper with hot 
water until washings are neutral to phenolphtha- 
lein. Transfer to the filtrate a suitable vessel, 
cool, and add sufficient distilled water so that the 
resulting solution will just cover the electrodes 
of a glass electrode titration assembly. Adjust 
the pH of the solution to exactly 3.8 with 0.5 V 
HCl. Add 50 ml. of zinc sulfate solution (7 per 
cent), and allow 5 min. for the reaction to become 
complete as shown by the pH becoming constant. 
Titrate the liberated acid with 0.5 N NaOH 
until a pH of 3.8 is again reached. This titra- 
tion is a measure of the pyrophosphate content. 

(b) Calculations Calculate the percentage 
of tetrasodium pyrophosphate in the soap as 
follows: 

ml. of NaOH X F 


wt. of sample 


Na,P,0;, per cent = 
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where F = grams of Na,P2O7 equivalent to 1 
ml. of the NaOH solution used 
for the titration as calculated by 
standardization against 


V. ADOPTION oF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard: 


Tentative S pecifications for: 

Olive Oil Solid Soap (Type A, Pure; Type B, 
Blended) (D 592 — 41 T),°® 

Olive Oil Chip Soap (Type A, Pure; Type B, 
Blended) (D 630 - 41 T),® 

Palm Oil Chip Soap (Type A, Pure; Type B, 
Blended) (D 536-41 T),°® 

Salt-Water Soap (D 593 - 40 T),!° and 


Tentative Method of Test for: 


Carbonates as Carbon Dioxide in Soaps and 
Soap Products (Evolution-Volumetric Method 
(D 460-41 T)" to be added to Standard 
Methods D 460 - 41.8 


VI. EMERGENCY ALTERNATE PROVISIONS 


As mentioned earlier in the report, 
the committee has recommended Emer- 
gency Alternate Provisions in a number 
of its soap specifications for the duration 
of the emergency. The standards and 
tentative standards affected are as 
follows: 


Standard S pecifications for: 

Milled Toilet Soap (D 455-39) 

Chip Soap (D 496 — 39),” 

Powdered Soap (Nonalkaline Soap Powder) 
(D 498 39),” 

White Floating Toilet Soap (D 499 — 39),” 

Built Soap, Powdered (D 533 — 41), 

Palm Oil Solid Soap (Type A, Pure; Type B, 
Blended) (D 535 - 41)," 


Tentative Specifications for: 


Palm Oil Chip Soap (Type A, Pure; Type B, 


Blended) (D 536-41 T),° 


*1941 Supplement to Book of A.S.T.M. Standards, 


Part III, pp. 602, 604, 606. 


10 1940 Supplement to Book of A.S.T.M. Standards, 


Part III, p_ 512. 


111941 Supplement to Book of A.S.T.M. Standards, 


Part II, 608 
12 1939 
479, 481, 485. 


181941 Supplement to Book of A.S.T.M. Standards, 


Part III, p. 195. 
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ook of A.S.T.M. Standard, Part III, pp. 483, 


Olive Oil Solid Soap (Type A, Pure; Type B, 

Blended) (D 592-41 

Salt-Water Soap (D 593 — 40 T),!° and 
Olive Oil Chip Soap (Type A, Pure; Type B, 

Blended) (D 630-41 T).° 

These Emergency Alternate Provisions 
with the exception of EA—D 496 and 
EA-—D498 were accepted by Com- 
mittee E-10 on Standards, April 6, 
1942, and have been published as stickers 
for attachment to the specifications to 
which they apply. They have also 
been published in ASTM BuLtetin No. 
116, May, 1941." 

The Emergency Alternate Provisions 
in Specifications D 496 and D 498 were 
accepted by Committee E-10 on May 
15, 1942, and have been published as 
stickers for attachment to the specifica- 
tions to which they apply. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 71 members; 45 members returned 
their ballots, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 

(J. B. Crowe, chairman): 

Section A on Soaps (M. L. Sheely, 
chairman) has recommended that the 
Tentative Method of Test for Carbon- 
ates as Carbon Dioxide in Soaps and 
Soap Products (Evolution-Volumetric 
Method) (D 460-41 T) be adopted as 
standard and incorporated in the Stand- 
ard Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products 
(D 460-41). The subcommittee also 


completed a new procedure for deter- 
mining tetrasodium pyrophosphate in 
soaps and soap products which is being 
submitted for publication as a tentative 
revision of Standard Methods D 460 - 
41, as indicated earlier in the report. 
Results obtained with this procedure 


—_ 
in 
f he are 
T 
— ates 
| 
Spec. 
7 Soa 
Spec. 
Soa 
pec. 
der 
Il. R 
t Spec. 
Soa 
III. R 
q I 
Spec. 
pres 
Meth« 
‘ Che 
4 and 
4 41). 
V. Al 
i (Ty; 
Blen 
- Spec. 
(Ty 
(Tyy 
Blen 
} 593 - 
Dios 
Proc 
| pron 
prest 
the 
cedu 
more 
a 14 See also Editorial Note, p. 406. ped Se 
(Ral 


sling 


eely, 

the 
‘bon- 

and 
vetric 
sd as 
tand- 
mical 
ducts 

also 


in cooperative tests by 11 laboratories 
are presented in Table II. 

This subcommittee is studying the 
determination of free alkali and carbon- 
ates in potash soaps, particularly the 
use of isopropyl alcohol instead of ethyl 
alcohol, and while the method shows 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affi N Market 
rma-| Nega- | Ma 
Items tive tive “Not 
Voting” 
I. New TENTATIVE STANDARDS 
S for Compound Chi 
(with Rosin)........ 42 0 3 
Spec. for Compound Powdered 
Soap (Granulated, with 
Rosin). 42 0 3 3 
Spec. for Built Soap,  Pow- 
dered (Type a) (D 533 - — . 


II. Revisions oF TENTATIVE 
STANDARDS 
Spec. for Tetrasodium Pyro- 
phosphate (Anhydrous) (D 
595 - 40 T). 43 0 2 
Def. of Terms Relating to 
Soaps and Other es 
(D 459 ~ 41 T).. 43 0 2 


III. REvIsIons OF 
ImmepiaATE ADOPTION 
Spec. for Alkaline Soap Pow- 

der (D 534 -41).. 42 0 3 
Methods of Samp ing 31 ond 

Chemical Analysis 

Soap Products (D 460. - 


IV. suet REVISION OF 
STANDARD 

Methods of Sampling and 

oo Analysis of Soaps 

Soap Products (D 460 - 


V. Aporrion oF TENTATIVE 
STANDARDS AS STANDARD 


Spec. for wag Oil oma Soup 


(Type A, Pure; * 

Blended) (D 592 - 41 42 
Spec. for Olive Oil Chip Soup 

(Type A, Pure; Ty 

Blended) (D 630 - at | 42 0 3 


Pure; 
Blended) ‘D 536 - 41 ‘ 41 0 4 
Spec. for Salt-Water Soap (D 
593 - 40 T). 43 0 2 
Test for Carbonates as Carbon 
Dioxide in Soaps and Soap 
Products (Evolution - Volu- 
metric (D 460- | 


promise, further work is necessary. The 
present method is not too accurate and 
the subcommittee hopes that the pro- 
cedure under consideration will prove 
more satisfactory. 

Section B on Sulfonated Detergents 
(Ralph Hart, chairman) is studying a 
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method for determining water-immis- 
cible organic solvents, volatile with 
steam in sulfonated (sulfated) oils and 
hopes to have a report ready for the 
next meeting. 

Section C of Subcommittee I and 
Section D of Subcommittee II on Dry 
Cleaning Detergents (G. P. Fulton, 
chairman) reports progress on a most 
difficult problem. These sections are 
studying a method for evaluating dry- 
TABLE RESULTS OF COOPERATIVE TESTS FOR 


TERMINATION OF TETRASODIUM 
PYROPHOSPHATE (NasP207) IN SOAP. 


2 > 
| 
2 BS | Ses 
am son 
| Z Zz 
3.83 12.30 12.15 
Armour and Co....... 3.81 12.39 | 12.24 
Avg 3.82 | 12.35 12.20 
Fels and 12.05 11.86 
Foster D. Snell, 11.94 
Hercules riment 
: 3.4 11.9 11.69 
34 | 11.9 | 11.69 
Avg....| 3.4 11.9 11.69 
Hooker Electrochemical Co....| 3.63 | 11.99 11.83 
Lever Brothers Co............ 3.59 | 12.20 12.02 
3.31 12.19 11.98 
Los Angeles Soap co. { | 12.11 | 11.90 
[Avg....| 3.36 | 12.15 | 11.94 
Proctor & Gentle Co.. 2.96 | 12.02% | 11.77 
Swift and 11.90 
Allen B. Wrisley Distributing 


* Solution of NaOH (0.5 N) was standardized against 
constant boiling HC! instead of NasP20:. 


cleaning agents by actual tests, but are 
confronted by the problem of finding a 
means of producing soiled pieces that 
will satisfy the following requirements: 
(a) The type of soil should be similar 
to actual soil as it is found on garments, 
and the grease or oil incorporated with 
the soil should have, in general, the 
same solubility characteristics in dry- 
cleaning solvent as has the grease or 
oil on actual garments, (b) The method 
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of application of the soil should be 
similar to the actual contacting of soil 


4 


by garments, (c) The fabric in the soiled 
r. a pieces should be similar to the material 
in the garments which are to be dry- 

Ss cleaned. Several investigators who have 


made such soiled pieces have been asked 
for opinions as to what factors should 
be controlled during the soiling of 
fabrics in order to obtain typical soil. 
The National Association of Dyers and 
Cleaners has prepared some soiled pieces 
for drycleaning; the results of this work 
are to be considered by these sections for 
comment and suggestions looking to- 


ward the development of suitable 
specimens. 
Section D on Special Detergents 


(W. H. Koch, chairman) will study the 
determination of the loss on ignition and 
of the water content of tetrasodium 
pyrophosphate during the coming year. 


Subcommittee IT on Specifications (F. W. 

Smither, chairman): 

This subcommittee held one meeting 
during the year, and its various sections 
have been active. 

Section A on Textile Soaps (C. A. 
Nutting, chairman) and Section C on 
Straight Soaps (Israel Katz, chairman) 
have continued working jointly. These 
sections have recommended that the 
following tentative specifications be 
3 adopted as standard: Tentative Speci- 
fications for Olive Oil Solid Soap (Type 
A, Pure; Type B, Blended) (D 592 - 
41 T), Olive Oil Chip Soap (Type A, 
Pure; Type B, Blended) (D 630-41 T), 
and Palm Oil Chip Soap (Type A, Pure; 
Type B, Blended) (D 536-41 T). 

‘- These sections also completed the 
new Proposed Tentative Specifications 
for Compound Chip Soap (With Rosin) 
and for Compound Powdered Soap 
(Granulated, with Rosin) mentioned 
earlier in this report. Due to shortages 
developing in various oil and fat stocks, 


4 
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it was thought essential that these 
specifications should be promulgatec 
at this time to allow their use in additioi 
to the use of Standard Specifications foi 
Chip Soap (D 496-39) and for Pow- 
dered Soap (Nonalkaline Soap Powder) 
(D 498-39). They are recommended 
for publication as tentative rather than 
as Emergency Standards, since it is 
expected that they will be valuable for 
use after the duration of the war. 

In addition, these sections have devel- 
oped Emergency Alternate Provisions 
in several of the soap specifications as 
indicated earlier in the report. The 
War Production Board is considering 
regulations on the amount of glycerol 
to be left in soap, and the limitation of 
the use of coconut, palm kernel, and 
babassu oils in all products and will 
doubtless issue further limitations in the 
future. 

These sections also plan to study 
liquid soaps during the coming year. 

Section B on Built Soaps (Fred 
Krassner, chairman) has proposed Emer- 
gency Alternate Provisions in the Specifi- 
cations for Salt-Water Soap (D 593 - 
40 T) in order to provide for the develop- 
ment of products made from other than 
coconut oil which is no longer available, 
and also with a view to producing a soap 
acceptable under these specifications. 
The section has also recommended for 
publication as tentative a type D built 
powdered soap to be added, when 
adopted, to the Standard Specifications 
for Built Soap, Powdered (D 533 — 41) 
as given earlier in the report. The new 
soap is essentially the same as the 
present three types except that it con- 
tains no requirement for titer, and the 
allowable rosin content is 10 per cent. 
Type D soap has also been proposed as 
Emergency Alternate to be substituted 
for types A, B, or C in Standard Specifi- 
cations D 533-41. This section has 
also recommended for immediate adop- 
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On Soaps AND OTHER DETERGENTS 


tion, revisions in the Standard Specifica- 
tions for Alkaline Soap Powder (D 534 - 
41) as well as some minor editorial 
changes. 

Consideration has been given to 
specifications for scouring powders but 
due to the results of some recent studies 
on abrasives the writing of these specifi- 
cations has been postponed. 

Section E on Sulfonated Detergents 
(J. B. Crowe, chairman), is still studying 
detergency but without too much suc- 
cess. A summary of the results of the 
various series of tests made by this 
section will be published in the near 
future. 

Section F on Special Detergents (C. 
|C. Ziegler, chairman) reviewed the 
| Standard Specifications for Trisodium 
Phosphate (D 538 — 39 T) and for Tetra- 
sodium Pyrophosphate (Anhydrous) (D 
595-40T). The specifications for tri- 
sodium phosphate have received some 
criticism as having too little latitude and 
they will be studied further this year. 
It was decided to retain these specifica- 
tions as tentative for another year. A 
basis of purchase clause together with 
several other minor changes is being 
recommended for inclusion in Specifica- 
tions D 595-40T as given earlier in 
the report. 

Section G on Metal Cleaners (J. C 
Harris, chairman) has developed the 
Proposed Methods of Chemical Analysis 
of Industrial Metal Cleaning Composi- 
tions which appear in an Appendix to 
this report. Two representative sam- 
ples of metal cleaning compositions will 
be prepared and subjected to cooperative 
analysis by the members of this section 
to determine the efficiency of these 
methods. In addition to the coopera- 


405 
tive laboratory work, it has been decided 
that activities on metal cleaners will be 
confined to the wet cleaning of alum- 
inum. A bibliography of the test 
methods for the cleaning of metals will 
be prepared and from this it is expected 
that methods for the performance test- 
ing of aluminum cleaners may be 
devised. 

Subcommitiee IIIT on Nomenclature and 
Definitions (C. A. Marlies, chairman): 
This subcommittee has revised the 

definition for detergent, and presents 

three new definitions for inclusion in the 

Tentative Definitions of Terms Relating 

to Soaps and Other Detergents (D 459 - 

41 T) as given earlier in this report. 
The subcommittee also discussed the 

use of other soap terms such as builder, 
and whether they should be used with 
synthetic detergents. This matter as 
well as other definitions will be con- 
sidered during the coming year. 

Subcommittee IV on Papers and Publica- 
tions (W. H. Koch, chairman): 

After considerable discussion, this 
subcommittee voted to table the prepa- 
ration of the monograph on alkaline 
detergents until a more propitious time. 
It was decided that there was not yet 
enough information available to prepare 
a monograph along the lines originally 
requested by W. G. Morse and which 
would do credit to the Society. The 
program of the subcommittee for this 
coming year is to prepare, with the 
assistance of M. L. Sheely, an article 
for publication in Oil and Soap on the 
analysis of commercial tetrasodium pyro- 
phosphate, and also the analysis of 
tetrasodium pyrophosphate in soap. 
This article is to include the background 
of the A.S.T.M. methods and the results 
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obtained by the cooperating labora- 
tories prior to acceptance of the methods. the committee, 


This report has been submitted to P. TREVITHICK, 


Respectfully submitted on behalf of 


letter ballot of the committee which bah ind Ps Chairman. 
consists of 71 members; 45 members 
returned their ballots, all of whom have_ B. S. VAN ZILE, abe 
EprroriaL Note 
‘al’ Subsequent to the annual meeting, Committee D-12 recommended to Com- 
ss mittee E-10 on Standards that the Emergency Alternate Provisions in the 
ph Standard Specifications for Chip Soap (EA — D 496) and Standard Specifica- 
man tions for Powdered Soap (Nonalkaline Soap Powder) (EA — D 498), referred to 
in this report, be withdrawn. This recommendation was oe by Com- 
mittee E-10 on August 24, 1942. 
| 


PI 


Scop 


1. 
proce 
indus 
in 
clean 
caust 
chro! 
borat 
ides, 
agen’ 
bases 
agen! 
salts 
such 
sulfo: 
show! 
of Cl 
Sulfa 
D 


| Testi 


unde: 
nifyi1 
quali 
numt 
tity. 
(d) 
the f 


Prepai 


Total 
Total | 


1 Th 


of the 


Deterge 
2194 


406 Report oF ComMITTEE D-12 
3 
- 
| 
i 


Scope 


1. (a) These methods describe the 
procedures for the chemical analysis of 
industrial metal cleaning compositions 
in solid, paste, or liquid form. These 
cleaning compositions may contain 
caustic alkalies, silicates, phosphates, 
chromates, carbonates, bicarbonates, 
borates, sulfates, sulfites, nitrates, chlor- 
ides, soaps, rosin, sulfonated wetting 
agents, antifoaming agents, organic 
bases, organic solvents, organic coupling 
agents, and sometimes inorganic acid 
salts or organic acids. Occasionally 
such cleaning compositions may contain 
sulfonated oils; in such cases, reference 
should be made to the Standard Methods 
of Chemical Analysis of Sulfonated and 
Sulfated Oils (A.S.T.M. Designation: 
D 500) of the American Society for 
Testing Materials.2 The examination 
under a low power microscope or mag- 
nifying glass, supplemented by a few 
qualitative tests, will often indicate the 
number of components and their iden- 
tity. 

(6) The analytical methods appear in 
the following order: tae, 


Section 
Total Alkalinity as NasO.......... 3 to 5 
Total Fatty Acids (and Rosin)..... 6and7 


! These methods are under the jurisdiction 
of the A.S. Committee D-12 on Soaps and Other 
Detergents. Published as information, June, 1942. 


? 1942 Book of A.S.T.M. Standards, Part III, p. 777. 


PROPOSED METHODS OF CHEMICAL ANALYSIS OF INDUSTRIAL - 
METAL CLEANING COMPOSITIONS! 


These are proposed methods and are published as information only. 
Comments are solicited and should be addressed to the ee = 
Society for Testing Materials, 260 S. Broad St., 


Philadelphia, Pa. 


Na,O Combined with Fatty Acids 


10 
Rosin (McN ‘coll Method): 

Total Silica Calculated as SiO...... 17 to 19 
Phosphates: 

20 and 22 
Combined Sodium and Potassium 

31 to 32 
Water, Distillation Method.... 33 to 36 
Carbon Dioxide by Evolution-Ab- 

sorption Method............... 37 to 40 
Total Matter Insoluble in Alcohol.. 43 to 45 
Synthetic Detergent or Wetting 

Volatile Hydrocarbons............ 50 to 53 
Loss on Ignition................. 54 and 55 


Preparation of Sample 


2. (a) Sarmples of metal cleaning com- 
positions shall be well mixed. Excessive 
exposure to the air shall be avoided to 
prevent the sample from absorbing 
moisture and carbon dioxide and, if a 
volatile solvent is present, to prevent 
evaporation. 

(b) Solid Cleaners.—If the cleaner is 
a solid and appears to contain no volatile 
solvent, dissolve 10.000 g. in freshly 
boiled distilled water and dilute to 500 
ml. as the sample for analysis. 

(c) Liquid or Paste Cleaners.—If the 
cleaner is a paste or liquid dissolve a 
sufficient portion in freshly boiled dis- 
tilled water to give the equivalent of 
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10.000 g. of the dry material in solution, 
and dilute to 500 mi. as the sample for 
analysis (Note). 


Nore.—In order to prepare this sample it is 
first necessary to determine the water content 
(Sections 33 to 36), loss at 105 C. (Sections 41 
and 42), and volatile hydrocarbons (Sections 
50 to 53). 


ALKALINITY AS Na,O 


Reagents 


3. (a) Hydrochloric Acid (0.5 N). 
(b) Sodium Hydroxide (0.5 N). 


2 


= 
= 


Ethyl Ether. 
Methyl Orange Indicator, 
Procedure 
ir 4. Pipette 50 ml. of the sample 
(1,000 g.) prepared in accordance with 
Section 2, into a 250-ml. Erlenmeyer 
flask. Add methyl orange indicator and 
@ measured excess of 0.5 N HCl, and 


boil to expel carbon dioxide. Cool, add 
25 ml. of ethyl ether, and titrate the 
excess HC] with 0.5 N NaOH. When 
the water layer is neutral to methyl 
orange, it should be clear unless sodium 
metasilicate (or other silicate) is present 
in large quantities. If silicates are 
present, they will form a gelatinous mass 
which will produce a troublesome emul- 
sion. All the soap will have been de- 
composed during the reaction and the 


aes corresponding fatty acid will be found 
bax 

5. Calculate the percentage of Na,O 

as follows: 
Total alkalinity as 
Na,O, per cent = == 100 
where: 
A = milliliters of 0.5 N HCI (1 ml. of 
ls 0.5 N HCl = 0.0155 g. of Na;0), 
rt B = milliliters of 0.5 N NaOH, and 
> W = weight of sample = 1.000 g. 


mir 


¥ 
7 


Toray Fatty Actps (AND Rosin AciDs) 


Procedure 


6. Pour into a separatory funnel the 
neutral ethyl ether - water mixture ob- 
tained from the titration under Sec- 
tion 4 using additional ether to wash all 
the fat or oil into the separatory fun- 
nel. Allow the two layers to separate, 
and draw off the water layer into a 
second separatory funnel. Wash the 
water layer with two 10-ml. portions of 
ethyl ether. Combine the ether ex- 
tracts, and wash with successive portions 
of distilled water until they are no longer 
acid to methyl orange. Transfer the 
ether layer to a weighed flask, evaporate 
the ether over a steam bath, and finally 
dry to constant weight at 105 C. 


Calculation 


7. Calculate the percentage of fatty 
acids (and rosin acids) as follows: 


Total fatty acids E 
(and rosin acids), per cent = W x 100 


where: 


E = weight of ether residue, and 
W = weight of sample = 1.000 g. 


Na,O ComBINED witH Fatty ACcIpDs 
(AND Rosin Actps) 


Procedure 


8. Dissolve the fatty acid (and rosin 
acid) residue obtained under Section 6 in 
warm neutral alcohol, add six drops of 
phenolphthalein indicator, and titrate 
with 0.5 N NaOH, 


Calculation 


9. Calculate the percentage of Na,0 
combined with the fatty acids (and 
rosin acids) as follows: 


Na,O combined 
with fatty acids (and BX 0.0155 
rosin acids), per cent ei a xX 100 


Cal 
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where: 

B = milliliters of 0.5 N NaOH (1 ml. 
of 0.5 N NaOH = 0.0155 g. of 
Na,0), and 


W= te of sample = 1.000 g. 


ANHYDROUS SOAP 
Calculation 
10. Calculate the percentage of anhy- 


drous soap as follows: 
P=F+C 
where: 


C = percentage Na2O combined with 
fatty acids (and rosin acids) 
(Section 9), 

F = percentage fatty acid anhydride, 

H = percentage water equivalent, 

R = percentage fatty acids (and rosin 
acids) (Section 7), and 

P = percentage anhydrous soap. 


Rosin (McNicoLtt MEtHop) 
Qualitative 
Reagents 

11. (a) Acetic Anhydride, C.P. (99 
to 100 per cent). 

(b) Sulfuric Acid (sp. gr. 1.53).— 
Prepare by adding 34.7 ml. of H2SO, 
(sp. gr. 1.84) to 35.7 ml. of distilled 
water. 


Procedure 


12. The presence of rosin may be 
determined qualitatively by testing a 
portion of the residue obtained under 
Section 6 by the Liebermann-Storch 
reaction, as follows: Dissolve a portion 
of the ether extract by warming in 
several times its weight of acetic an- 
hydride, and then cool the solution. 
Allow several drops of H2SO, to flow 
slowly into the acetic anhydride - fat 
mixture. Rosin is indicated by the 
development of violet colora- 
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tion changing to a brownish tinge at the 
margin of contact of the reagents. The 
test should be checked by testing a 
sample of fatty acids to which rosin has 
been added. If the test for rosin is 
positive the quantitive procedure should 
be carried out as described = meen 


13 to 16. 


13. The apparatus required consists 
of a glass flask connected, preferably by 
a ground-glass joint, to a reflux con- 
denser. 

(a) Esterification Flask.—A 150-ml. 
flask of either the round-bottom or Er- 
lenmeyer type shall be used. 

(b) Reflux Condenser—Any suitable 
water-cooled, glass reflux condenser may 
be used. 


Reagents 
¥ 


14. (a) Potassium Hydroxide (0.2N).° 
—Accurately standardize a 0.2 N solu- Er 
tion of KOH in neutral redistilled alcohol 
(due to volatility of alcohol, this solution 
should be restandardized frequently). 

(b) Naphthalene - B-Sulfonic Acid 
Solution.—Dissolve 40 g. of Eastman 
grade or equivalent reagent in 1 liter of 
c.p. absolute methyl alcohol. 

(c) Phenolphthalein Indicator.—Pre- 
pare a 0.5 per cent solution in neutral 
redistilled 


15. (a) Preparation of Fatty 
Rosin Acids.—Dissolve a sufficient por- 
tion of the sample to give the equivalent 
of 50 g. of the dry material in 500 ml. of 
hot water. (If the cleaner to be tested 
contains alcohol, the alcohol should be 
completely removed by evaporation from 
the solution). Add 100 ml. of H.SO, 
(30 per cent), heat gently until the fatty 
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matter collects in a clear layer. Siphon 
off the aqueous acid layer, add 300 ml. 
of hot water, boil gently for a few 
minutes, and siphon off the aqueous acid 
layer. Wash the acids in this manner 
three times. Complete this acidification 
and washing in a very short period of 
time, and keep the beaker covered to 
prevent oxidation of the acids. After 
the last washing, remove the last traces 
of water from the beaker with a pipette, 
filter the fatty acids through one or two 
thicknesses of filter paper, and dry at 
a temperature of 105 C. for 45 to 60 
min. or heat rapidly to 130 C. and allow 
to cool. Deo not hold at 130 C., but if 
water is present, decant the clear fatty 
acids into another beaker, and again 
reheat them momentarily to 130 C. 
These acids may then be used for the 
rosin determination. 

(b) Esterification and Titration.— 
Weigh about 2 + 0.001 g. of the fatty 
acids into the esterification flask. Add 
25 ml. of naphthalene - 6-sulfonic’ acid 
solution. Add a few glass beads to en- 
sure smooth boiling, attach the reflux 
condenser, and boil for 30 min.; also, run 
a blank test using 25 ml. of the reagent. 
At the end of the boiling period cool the 
contents of the flask, add 0.5 ml. of 
phenolphthalein indicator, and titrate 
immediately with 0.2 WN alcoholic po- 
tassium hydroxide. = 


- 


Calculation 


16. (a) Calculate the results as follows: 


"Sie (S — B) X N X 0.346 X 100 
Ww — 


(APPENDIX) 


where: 


percentage of rosin acids in fatty 
acids, 


R, = corrected percentage of rosin acids 
in fatty acids (Note), 

R, = percentage of rosin on basis of 
original sample, 

Rs = percentage of rosin soda soap on 
basis of original sample, 

S = milliliters of KOH required to 
titrate sample, 

B = milliliters of KOH required to 
titrate blank, 

N = normality of KOH, 

W = weight of sample in grams, 

F = percentage of total fatty acids 
(and rosin acids) in the cleaner, 
and 

A = percentage of total anhydrous 


soap (Section 10). 
(6) If true fatty acid soap is desired, 
subtract the rosin soap from the total 
anhydrous soap. 


Note.—Codperative studies have shown that 
the McNicoll method gives results approxi- 
mately 1 per cent higher than the amount of 
rosin present. Consequently, the committee 
recommends deducting 1 per cent from the 
percentage of rosin found in the fatty acids. 


CALCULATED AS SiO, 


Preparation of Sample 


17. (a2) When Soap is Present.—If 
soap is present in the cleaner, draw off 
the water solution from the total 
alkalinity titration (Section 4) into a 
porcelain evaporating dish. Add an ex- 
cess of HCl (sp. gr. 1.19), evaporate the 
mixture to dryness on a steam bath, and 
carry out the procedure as described in 
Section 18. The weight of the sample 
will be 1.000 g. 

(b) When Soap is Not Present.—If 
soap is not present in the cleaner, transfer 
a 100-ml. aliquot of the sample solution 
obtained as described in Section 2, to 
a 400-ml. evaporating dish, neutralize 
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with HCl (sp. gr. 1.19) using methyl 
orange as the indicator, evaporate to 
apparent dryness on a steam bath, and 
carry out the procedure as described 
in Section 18. The weight of the ‘he sample 
will be 2.000 

Procedure 


18. (a) Triturate the dehydrated resi- 
due, obtained as described in Section 17 
(a) or (6), with the smooth end of a 
stirring rod, moisten the residue with 
10 ml. of diluted HCl (1:1), and again 
evaporate to apparent dryness on the 
steam bath. Dehydrate at 110 C. for 
1 hr., take up the residue with 10 ml. 
of diluted HCl (1:1) and 20 ml. of dis- 
tilled water, and digest a short time on 
the steam bath to effect solution of the 
soluble salts. Filter the silica on a No. 
40 Whatman filter paper or equivalent, 
by washing the dish with hot distilled 
water. Scrub the dish with a rubber 
policeman and again wash thoroughly 
with hot distilled water. Wash the resi- 
due and paper free from acid with hot 
distilled water and reserve. 

(b) Evaporate the filtrate and wash- 
ings on the steam bath in the porcelain 
dish used before, moisten the residue 
with 10 ml. of diluted HCl (1:1), and 
again evaporate to dryness. Dehydrate 
at 110 C. for 1 hr., take up the residue 
with 10 ml. of diluted HCl (1:1) and 20 
ml. of distilled water, digest as before to 
dissolve soluble salts, and filter off any 
additional silica on a separate filter 
paper. Scrub the dish and wash the 
residue and filter paper free from acid 
as before. Reserve the filtrate for the 
determination of phosphates (Section 22) 
and sulfates (Section 31). Transfer both 
papers and residues to a platinum cru- 
cible previously ignited and weighed 
without cover and ignite until free from 
carbon, heating slowly at first. Cover 
the crucible with a platinum cover, 
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heat to the highest temperature of a 
blast lamp for 15 min., cool in a desic- 
cator, and weigh without the crucible 
cover, weight A. Moisten the weighed 
contents of the crucible with water, add 
10 ml. of HF and 4 drops of strong 
H.SO,, evaporate to dryness over a 
low flame, ignite at the highest tempera- 
ture of the blast lamp for 2 min., cool 
in a desiccator, and weigh, weight B. 


Calculation 
19. Calculate the weight of the total 
silica as as follows: 
wt. of sample 
wer 
PHOSPHATE 
Reagents 


i} 
20. (a) Nitric Acid (0.5 N) 
(b) Sodium Hydroxide (50 per cent 
by Weight)—When using, decant the 
solution from the settled carbonate. | 

(c) Sodium Hydroxide (0.5 N). 

(d) Silver Nitrate (0.85 N). 

(e) Ammonium Hydroxide Solution 
(sp. gr. 0.96 or Approximately 6 N.)— 
Mix 400 ml. of NH,OH (sp. gr. 0.90) 
with 600 ml. of distilled water. Check 
with a hydrometer or by titration. 

(f) Molybdate Solution—Mix 100 g. 
of pure molybdic anhydride or 118 g. of 
molybdic acid (85 per cent) with 400 
ml. of distilled water, and add 80 ml. of 
NH,OH (sp. gr. 0.90). When solution 
is complete, filter, and pour the solution 
slowly, while constantly stirring into a 
mixture of 400 ml. of HNO; (sp. gr. 1.42) 
and 600 ml. of distilled water. Allow 
the solution to settle for 24 hr., and use 
the clear supernatant liquid. 

(g) Potassium Nitrate Solution.—Dis- 
solve 10 g. of KNO; in freshly boiled 
distilled water, dilute to 1000 ml. with 
freshly boiled distilled water, and mix. 
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Qualitative ab 


Procedure 


21. The presence of an orthophos- 
phate (Na;PO.) or pyrophosphate 
(Na,P207) may be confirmed as follows: 
Acidify a sample of the cleaner with 
diluted HNO; (1:5). Extract fatty 
acids, if formed, with ether, remove 
carbon dioxide by aeration of the solu- 
tion, and neutralize with clarified NaOH 
(50 per cent) until faintly pink to phenol- 
phthalein. Add silver nitrate (0.5 N) 
to the solution. The appearance of 
either the yellow silver orthophosphate 
precipitate, or the white silver pyro- 
phosphate precipitate indicates the pres- 
ence of phosphates. Precipitates may 
also be obtained with chlorides and 
chromates. If phosphates are present, 
they shall be determined in accordance 
with the quantitative procedure de- 

ibed i ion 22. 
scribed in Section 


Quantitative 

Procedure 

22. To the water solution obtained 
from the determination of total silica 
contained in a 250-ml. flask or larger 
(Section 18 (b)), add 5 to 10 ml. of 
HNO; (sp. gr. 1.42), and evaporate to 
dryness on a steam bath. Dissolve 
the residue in diluted HNO; (1:5), 
and boil. This will convert any pyro- 
phosphates: or polyphosphates to the 
ortho state. To the boiled and cooled 
solution, or an aliquot if necessary, con- 
taining not more than 0.08 g. of P,0;, 
add a small piece of litmus paper, and 
carefully neutralize with NH,OH (sp. 
gr. 0.96), dilute to 75 ml., and then add 
25 ml. of HNO; (sp. gr. 1.42). Add to 
this solution 40 ml. of NH,OH (sp. gr. 
0.96) and 60 ml. of molybdate solution, 
stopper, shake for 10 min., and allow 
to stand at room temperature until the 
precipitate settles. Filter through an 


Af 
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1l-cm. filter paper of close texture, 
wash the flask and precipitate five times 
with 15 to 20-ml. portions of potassium 
nitrate solution (1 per cent), then wash 
the filter paper containing most of the 
precipitate five times with similar por- 
tions of the same solution. Wash the 
paper carefully each time from the rim 
downward and then allow to drain com- 
pletely before washing with the next 
portion of solution. The wash solution, 
as well as others subsequently used, shall 
be free of CO.. Return the paper and 
precipitate to the flask, add enough 0.5 
N NaOH until the yellow precipitate 
disappears, and then approximately 1 
ml, in excess. Dilute with 25 ml. of 
distilled water, stopper, and shake until 
the precipitate is dissolved. Wash off 
the stopper with distilled water, dilute 
the solution to about 150 ml. with dis- 
tilled water, add 6 drops of phenol- 
phthalein solution (1 per cent), and dis- 
charge the pink color with 0.5 N HNO;. 
Finish the titration by adding 0.5 N 
NaOH until the reappearance of the pink 
color. 


port 
23. Calculate the percentage of phos- Ff 


phates as follows: 
P.O;, percent = 
ae ine ml. of 0.5 NW NaOH X 0.001542 


wt. of sample 
Na;PQ,, percent = P,O;, per cent X 2.3101 


X 100 


Na,P;O7, per cent = P,O;, per cent X 1.8734 


CoMBINED SODIUM AND PoTAssIUM 
OXIDES 
Reagents 
. 24. (a) Ammonium Chloride Solution. 
—Dissolve 100 g. of NH,Cl in 500 ml. 
of distilled water, add 5 to 10 g. of pul- 
verized K2PtCle, and shake at intervals 
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Allow the mixture to 


re, for 6 to 8 hr. 

nes settle overnight, and filter. (The resi- 
um due may be used for the preparation of a 
ish fresh supply of NH,CI solution.) 

the (b) Platinum Solution—Prepare a 
Or solution containing the equivalent of 
the 1 g. of metallic platinum (2.1 g. of 
rim — H,PtCls) in each 10 ml. of solution. For 
ym- materials’ containing less than 15 per 
ext — cent of K,O, a solution containing 0.2 g. 
on, of metallic platinum (0.42 g. of H2PtCle) 
hall § in each 10 ml. of solution is recom- 
and — mended. 

0.5 

ate Preparation of Sample 

y l 25. Weigh a sufficient portion of the 


. of § sample to give the equivalent of 10 + 


intil § 0.01 g. of the dry material and sinter it 

off — in an evaporating dish below a dull red 

lute — heat. Leach the ash with hot water, 

dis- — filter into a 100-ml. volumetric flask, 

mol- § and wash the paper with three 5 to 

dis- § 10-ml. portions of hot water. Complete 

1O;. § the ashing after returning the filter paper 

5 N §& and residue to the original dish and 

pink — sintering as before. Excessive heating 

shall be avoided. Removal of most of 

the alkali present by thoroughly wash- 

ing the ash with hot water before com- 

shos- — Pletion of the ashing will aid in prevent- 

ing overheating of the greater portion of 

the sample. Add a few drops of HCl 

(1:1) to the ash and wash the contents 

of the dish into the volumetric flask. 

xX 100 § Acidify the solution in the volumetric 

flask with HCl, dilute to 100 ml., mix 

3101 thoroughly, and pass through a dry 

3734 filter. 

Procedure 

1UM § 26. Acidify an accurately measured 

-—f 10-ml. aliquot of the solution obtained 

_—§ in Section 25 with a few drops of HCl 

and add 10 ml. of the platinum solution. 

ution. § }:vaporate the solution on a water bath 

0 ml. § to a thick paste which will become solid 

f pul- § on cooling to room temperature. Avoid 


exposure to ammonia fumes while heat- 
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ing the solution. Treat the residue 
with approximately 6 ml. of 80 per cent 
ethyl alcohol and add 0.6 ml. of HCl 
(sp. gr. 1.19). Filter on a Gooch 
crucible and wash the precipitate thor- 
oughly with 80 per cent ethyl alcohol 
both by decantation and on the filter, 
continuing the washing until after the 
filtrate is colorless. Then wash the 
residue five or six times with 25-ml. 
portions of the NH,C1 solution to re- 
move the impurities from the precipi- 
tate. Wash again thoroughly with 80 
per cent ethyl alcohol, dry the precipi- 
tate at 100 C. for 30 min., and weigh. 


Calculation 


27. (a) Calculate the percentage of 
potassium oxide as follows: 


K,O, per cent = 


wt. of K.PtCle XK 0.19376 
10 g. 


X 100 


(6) Calculate the percentage of sodium 
oxide as follows: 


Na,O, per cent = C — (D X 0.6582) Re fi 
where: 
C = percentage total alkalinity as Na2O 
(Section 5), and 

D = percentage combined K,O (Para- 
graph (a)) converted to equiva- 
lent Na2O. 


CHLORIDES 


28. (a) Silver Nitrate Solution (0.1 y). b 

(b) Magnesium Nitrate Solution (20 
per cent).—Dissolve 200 g. of chloride- 
free Mg(NO;)2-6H:20 in 1 liter ofwater, 

(c) Potassium Chromate Indicator— 
Dissolve 5 g. of KeCrO,in waterandadd 
solution of silver nitrate until a slight = 
red precipitate is produced, filter the 
solution, and dilute to 100 ml. 


Reagents 


| 
| 
ag 
3 
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j 
oad 
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ec 


hem 


Procedure 


29. Dissolve a sufficient portion of the 
sample to give the equivalent of 5 
+ 0.01 g. of the dry material in 300 ml. 
of water, boiling if necessary to effect 
solution. Add an excess of neutral, 
chloride-free magnesium nitrate solu- 
tion (about 25 ml. of the 20 per cent 
Mg(NO;)2-6H,O solution). Without 
cooling or filtering, titrate with standard 
AgNOs, using 2 ml. of K2CrO, 


Calculation 


30. Calculate the chlorides as per- 
centage of sodium chloride as follows: 


NaCl, per cent 
ml. of 0.1 VW AgNO; X 0.00585 


100 
wt. of sample 
SULFATES 
Procedure 


31. (a) The matter insoluble in alcohol 
obtained in accordance with Section 44 
may suffice, or the filtrate from the 
determination of total silica as SiO: 
(Section 18 (b)) may be used as the 
sample. 

(b) If only a determination for sul- 
fates is desired, ignite 10 + 0.10 g. of 
the sample and use the ash from the 
ignition. Digest with 100 ml. of water, 
cover with a watch glass, and carefully 
neutralize to methyl orange with HCl. 
When neutralized, add 5 ml. excess of 
HCl, filter, and wash the residue thor- 
oughly. (Evaporation to dryness is un- 
necessary unless gelatinous silica should 
have separated. Evaporation should 
never be performed on a bath heated 
by gas.) 

(c) Dilute the filtrate to 250 ml. in 
a beaker, and boil. To the boiling solu- 
tion add 15 to 20 ml. of BaCl, (10 
per cent) slowly drop by drop from a 
pipette. Continue boiling until the pre- 
cipitate is well formed, or digest on a 
steam bath overnight. Set aside over- 
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night or for a few hours, filter through a 
prepared Gooch crucible, ignite gently, 
and weigh as BaSO,. 


tr. 
Calculation 


32. Calculate the sulfates as percent- 
age of sodium sulfate as follows: 
Na,SO,, per cent = 

WatTeER, DISTILLATION METHOD 


X 100 


wt. of sample 


Apparatus 


33. The apparatus required consists 
of a glass flask heated by suitable means 
and provided with a reflux condenser 
discharging into a trap and connected 
to the flask. The connections between 
the trap and the condenser and flask 
shall be interchangeable ground joints. 
The trap serves to collect and measure 
the condensed water and to return the 
solvent to the flask. A suitable as- 
sembly of the apparatus is illustrated in 
Fig. 1. 

(a) Flask.—A 500-ml. flask of either 
the short-neck, round-bottom type or 
the Erlenmeyer type shall be used. 

(b) Heat Source-—The source of heat 
may be either an oil bath (stearic acid, 
paraffin wax, etc.), or an electric heater 
provided with a sliding rheostat or other 
means of heat control. 

(c) Condenser——A water-cooled glass 
reflux condenser (Fig. 1), having a jacket 
approximately 400 mm. (15% in.) in 
length with an inner tube 9.5 to 12.7 
mm. (2 to } in.) in outside diameter 
shall be used. The end of the condenser 
to be inserted in the trap may be ground 
off at an angle of 30 deg. from the vertical! 
axis of the condenser. When inserted 
into the trap, the tip of the condenser 
‘shall be about 7 mm. ({ in.) above the 
surface of the liquid in the trap after 
the distillation conditions have been 
established. Figure 1 shows a conven- 
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tional sealed-in type of condenser, but 
any other condenser fulfilling the de- 
tailed requirements above may be used. 

(d) Trap.—A trap made of well- 
annealed glass constructed in accordance 
with Fig. 1 and graduated as shown to 
contain 5 ml. at 20C. shall be used. 
It shall be subdivided into 0.1-ml. 
divisions, with each 1-ml. line numbered 
(5 ml. at top). The error in any indi- 


A—45 to 55 mm. 
B—22 to 24 mm., inside diameter 
C—9 to 11 mm., inside diameter 
D—235 to 240 mm. 
E—146 to 156 mm. 
F and G are interchangeable joints, standard taper 24/40. 


Fic. 1.—Assembly of Distillation Apparatus. 


cated capacity may not be greater than 


34. Xylene (or Toluene).—(For 
cleaners containing 1 per cent or more of 
glycerol, toluene shall be used instead of 
xylene.) Saturate the xylene (or tolu- 
ene) with water by shaking with a small 
quantity of water and distill. Use the 
distillate for the determination. = 
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Procedure 


35. For cleaners containing from 5 to 
25 per cent moisture and volatile matter 
use 20 + 0.04 g. of the sample. For 
cleaners containing more than 25 per 
cent moisture and volatile matter use 
10 + 0.02 g. of the sample. Carefully 
transfer the weighed sample to the 500- 
ml. flask. Add approximately 10 g. of 
anhydrous, fused sodium acetate to 
prevent violent frothing, and then 
follow with 100 ml. of xylene (or toluene) 
which has been saturated with water. 
Attach the flask to the trap which is con- 
nected to the condenser. Prior to start- 
ing the determination, fill the receiver 
with saturated xylene (or toluene) by 
pouring in through the reflux condenser. 
So that the refluxing will be under better 
control, wrap the flask and tube leading 
to the receiver with asbestos cloth. 
Heat the oil bath with a gas burner or 
other source of heat, or apply heat di- 
rectly to the flask with an electric heater 
and distill slowly. The rate at the start 
should be approximately 100 drops per 
minute. When the greater part of the 
water has distilled over, increase the 
distillation rate to 200 drops per minute 
until no more water is collected. Purge 
the reflux condenser during the distil- 
lation with 5-ml. portions of xylene (or 
toluene) to wash down any moisture 
adhering to the walls of the condenser. 
The water in the receiver may be made 
to separate from the xylene for toluene) 
by using a spiral copper wire. Move the 
wire up and down in the condenser oc- 
casionally, thus causing the water to 
settle at the bottom of the receiver. 
Reflux for at least 2 hr., and shut off the 
heat at the end of this period. Adjust 
the temperature of the distillate to 20 C., 
and read the volume of water. 


Calculation 


36. Calculate the percentage of water 


} 
| 
100 
ig 
? 
Ag 
i 
de 


ty 
V X 0.998 
per cent = 

where: 
V = volume of water in milliliters at 
20 C., and 


W = weight of the sample in grams. 


100 


CARBON DIOXIDE BY EVOLUTION- 
ABSORPTION METHOD 


Apparatus 
consist of the 
following: 


(a) Extraction Flask.—A 
wide-neck extraction flask. 

(b) Condenser.—A 25-cm. reflux con- 
denser. 

(c) Thistle Tube.—A thistle tube 
equipped with a two-way stopcock, the 
end to be drawn out to a fine point. 

(d) U-Tubes—Four U-tubes 
pared as described in Section 38. 

(e) Drying Tube—A drying tube 
filled with a drying agent as described in 


150-ml. 


| 


pre- 


Section 38 (6). 

(f) Aspirator—A means of aspirating 
the apparatus to ensure a continuous 
stream of CO;-free air, 


Preparation of Apparatus 


Pe 38. (a) Apparatus Assembly.—Place 
the 150-ml. extraction flask on a gauze 
over a burner. Fit the flask with a 
three-hole rubber stopper, one opening 
to carry the reflux condenser, the second 
to carry a thistle tube with a two- 
. way stopcock for the introduction of 
acid into the flask, and the third to carry 
the tube for the introduction of a con- 
tinuous stream of CO,-free air into the 
flask. Draw out the ends of the thistle 
and air supply tubes to a small point, 
ae and place them in the stopper so that 
the points are very close to the bottom 
of the flask. Attach to the air supply 
tube, one of the U-tubes containing as- 
carite so that the air admitted to the 
flask will be free from 


t 


(b) Preparation of Absorption Train. 
Attach to the top of the reflux condenser 
a train consisting of the following: 
(1) a U-tube containing granulated zinc 
for the removal of acid gases, (2) a dry- 
ing tube containing magnesium per- 
chlorate, drierite, or anhydrous calcium 
chloride, (3) a weighed U-tube contain- 
ing ascarite in the first half and the same 
drying agent in the second half as used 
in (2), and (4) a protective U-tube con- 
taining any of the above mentioned dry- 
ing agents. Attach the final tube to an 


$9. Aspirate with a stream of CO:- 
free air at a rate of approximately 20 to 
30 ml. per min. until the train is free 
from CO, as determined by no further 
change in weight greater than 0.3 mg. 
in the U-tube. Weigh a sufficient por- 
tion of the sample to give the equivalent 
of 10 + 0.01 g. of the dry material 
directly into the extraction flask, cover 
with 50 ml. of freshly boiled distilled 
water, add two drops of methyl orange 
indicator, and close the apparatus with 
the train in place. Start the aspiration 
at a rate of 20 to 30 ml. per min., and 
slowly add through the thistle tube suffi- 
cient 6 N H,SO, to neutralize the NaOH 
and a sufficient excess to ensure the final 
acidity of the mixture as indicated by 
the methyl orange. Always leave some 
acid in the thistle tube as an air seal. 
Heat gently and continue until the con- 
tents of the flask have boiled for 5 min.; 
remove the source of heat, and continue 
aspirating until the flask has cooled, or 
for about 30 min. Remove the U-tube 
containing ascarite and weigh using a 
tared U-tube as a counterpoise. The 
increase in weight represents CO». 


40. (a) From the increase in weight 


Calculation 
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n. of the tube calculate the percentage of 
er NazCOs as follows: 
g: 

. of C 2.409 
nc Na,CO;, per cent = X 100 
y- wt. of sample 


(6) Calculate the percentage of CO: 


as follows: 

ne wt. of CO, 

ed O,, percent = xX 100 

n- 

Loss at 105 C. 

an Pr d 
ocedure 


41. Dry 2 to 10 + 0.01 g. of the sample 
at 105 C. to constant weight, care being 
oe taken to prevent the sample from ab- 


ais sorbing COs. Reserve the residue for 
see the determination of total matter in- 
ale soluble in alcohol (Section 44). 

ent 42. Calculate the percentage loss at 
rial 105 C. as follows: 
ver | 
lled Loss at 105 C., w+. of dried sample 
vith 
Norte.—Bicarbonates are converted to car- 

bonates on drying at 105 C. and lose 36.9 per 
and cent of their weight. It is next to impossible to 
uffi- determine bicarbonates in the presence of caus- 
OH tic alkalies because of conversion to the car- 
inal bonate. 
by 
ome ToTAL MATTER INSOLUBLE IN 
nin.; 
inue 43. Ethyl J Alcohol (95 per cent).— 
1, or Freshly boiled ethyl alcohol, 95 per cent 
tube § or higher and neutral to phenolphthalein, 
ng a § cither Formula No. 3-A or No. 30 of the 
The 


U. S. Internal Revenue 
Procedure ; 

44, Digest the residue, obtained in 


eight ff accordance with Section 41, with 200 ml. 
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of freshly boiled, neutral alcohol in a 
covered vessel on a steam bath until 
soap or wetting agent is dissolved. 
Filter through a counterpoised filter 
paper, neutral to phenolphthalein, or 
through a weighed Gooch crucible with 
suction, protecting the solution from 
carbon dioxide and other acid fumes 
during the operation by covering with a 
watch glass. If a filter paper is used 
weigh in a counter balanced ointment 
box or like container to prevent moisture 
absorption while weighing. Wash the 
residue on the paper or in the crucible 
with hot neutral alcohol until free from 
soap, and reserve the filtrate and wash- 
ings. Dry the filter paper or crucible 
with the residue at 105 C. for 3 hr., cool, 
and weigh the total matter insoluble in 
alcohol. Reserve the alcoholic filtrate 
for determination of free alkali (Sec- 
tion 46). 


Calculation 


45. Calculate the percentage of total 
matter insoluble in alcohol as follows: 


where: 


T= percentage of total matter in- ; 
soluble in alcohol, 

M = weight of insoluble matter, and 

W = weight of sample in grams. 


Procedure 


46. Heat the reserved filtrate from the a 
determination of total matter insoluble _ 
in alcohol (Section 44) to incipient boil- 

ing, add 0.5 ml. of a 1 per cent solution 

of phenolphthalein, titrate with 0.5 N 

HCl. Reserve the titrated solution for 


the determination of the synthetic de- 
tergent or wetting agent (Section 48). 


— 
2 
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— 
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A, 
J 
| | | | 


¥ 


5 


47. Calculate the percentage of = 
alkali as NaOH as follows: 


Free alkali as NaOH, per.cent = Psi 
1. of 0.5 N HCl X 0.0200 


wt. of sample 


SYNTHETIC DETERGENT OR WETTING 
AGENT 
Procedure 
48. Transfer the titrated solution ob- 
tained in accordance with Section 46 to a 
tared beaker or evaporating dish, and 
evaporate to dryness on a steam bath. 
Dry to constant weight at 105 C. 


Calculation 


49. Calculate the percentage of syn- 
thetic detergent or wetting agent as fol- 


lows (Note): 

A= E—-(G+H) 
W 


where: 


through strong NaOH solution to scrub 
out any volatile fatty acids, while the 
volatile hydrocarbons are condensed with 
the steam in a suitable arrangement 
which allows the excess water to flow 
away, leaving the volatile hydrocarbons 
in the measuring burette. The pro- 
cedure may be applied to samples con- 
taining substances immiscible with water 
and volatile with steam. (For solvents 
heavier than water the trap as shown in 
Fig. 1 for determining water by the dis- 
tillation method (Sections 33 to 36) 
should be used.) 


A = percentage synthetic or z Weldon! Trap 

E = weight of titrated alcohol extract, ~ H, Burette eas 

G = weight of NaCl, 5 Automatic Overflow ie / 

H = weight of soap and rosin soap, and 

W = weight of sample in grams. = 


Nore.—Since soap and rosin soap are also al- 
cohol soluble, and since the known amount of 
NaCl was formed by the titration in the deter- 
mination of free alkali (Section 46), also deter- 
mined in the procedure for chlorides (Section 
29), correction for soap, rosin soap, and chlorides 
may be made for each of these constituents. 
One milliliter of 0.5 N HCl (see Section 46) is 
equivalent to 0.0292 g. of NaCl. 


VOLATILE HyDROCARBONS 


50. This procedure requires a source 
of dry, oil-free steam which is passed 
through the sample treated with acid, 
sufficient to liberate the fatty acids from 
The steam is next passed 


the cleaner. 


Fic. 2.—Volatile 


if... TA bot 

51. The apparatus and its arrange- 
ment are shown in Fig. 2. The follow- 
ing are the important items: 

(a) Steam Trap, A.—A 1-liter round- 
bottom, ring-neck flask equipped with a 
siphon tube to the drain from the bottom 
of the flask and provided with a means of 
regulating the steam flow into the flask. 

(b) Evolution or Sample Flask, B.— 

1-liter round-bottom ring-neck flask. 
In case large samples are desirable the 
size of this flask may be increased. 


Apparatus 
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b (c) Caustic Scrubber Flask, D—A 
1e steam jacketed metal flask is preferred, 
+h but a 1-liter Florence flask provided 
nt with a steam coil of 0.32 cm. (0.125 in.) 
Ww copper tubing around the upper half 
ns may be used. If the glass flask is used 
o- it should be provided with a safety 
n- bucket below it and should be renewed 
er frequently since the strong caustic dis- 
ts solves the glass rather rapidly. This 
in flask should be connected to the con- 
jis- denser by a Kjeldahl connecting tube, 
36) E, or similar safety device. 


The inlet for the steam into the evolu- 
tion and scrubber flasks should extend 
nearly to the bottom of the flasks and 
should be bent at right angles and paral- 
lel to the sides of the flask. 

(d) Condenser, F.—A 30.5-cm. (12- 
in.) or longer spiral condenser of suff- 
cient bore so the condensate will not 
readily close it. 

(e) Measuring Burette, H—A 10-ml. 
burette calibrated to 0.1 ml. and carry- 
ing a bulb, J, of approximately 100-ml. 
capacity, at the lower end. If desired, 
an ordinary 10-ml. Mohr type burette 
may be used having attached to it by 
rubber tubing a bulb of proper capacity 
which has been blown in the laboratory. 
An ordinary burette funnel may be 
placed in the top of the burette in place 


of the special flared-out top shown in 
us. Fig. 2. 
ae The stoppers used should be of a good 
[I grade of rubber and should have been 
ange- —} thoroughly cleaned free from any surface 
low- § sulfur and should be given a steam 
distillation in position for several hours 
yund- before use on a sample. 
vith a Insulating the flasks and tubing to 
xttom reduce condensation aids distillation 
ans and its control. 
Procedure 


SS (a) Place 150 ml. of ‘NaOH solu- 
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sticks of solid NaOH to provide against 
dilution in the scrubber flask. Rinse 
out the condenser and burette with 
acetone. Attach a rubber tubing to the 
lower end of the burette, fill the burette 
and tubing with water, and raise the 
outer end of the tubing so that the water 
level in the burette is near the top of the 
scale when the water is flowing to the 
drain from the automatic overflow, J. 
Be sure that the connections are tight 
and that the tubing contains no air 
bubbles. Place the condenser in posi- 
tion so that the lower end extends 
directly into the upper end of the burette 
just above the water level or connect to 
an adapter siphon, G, which discharges 
into the burette. The cooling water 
should be 15.5 C. or colder. Ice water 
may be desirable for low-boiling hydro- 
carbons. 

(6) Weigh a sufficient portion of the 
sample to give the equivalent of 50 g. 
of the dry material, and transfer to the 
evolution flask (Note). Add about 10 g. 
of gum arabic (commercial) and 100 ml. 
of distilled water. Place the flask in 
position with 100 ml. of H2SO, (1:3) ina 
dropping funnel, C, carried in the stop- 
per. Connect with the steam and wash 
the flasks and the condenser, making 
sure that the stoppers are tightly fitting 
and held in place by wiring. Unneces- 
sary rubber connections in the lines 
between the evolution flask and con- 
denser should be avoided by placing the 
glass portions as tightly together as 
possible. 


Note.—For some samples the volatile hy- 
drocarbon content may be so low that a larger 
sample than 50 or 100 g. is desirable. The size 
of the evolution flask may need to be increased 
if larger samples are used. The amount of 
water in the evolution flask and acid used should 
also be correspondingly increased. 


(c) Add the acid to the — slowly 
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BS (f) When distillation is completed, 
a ig shut off and drain the condenser water, 


and allow the steam to heat up the con- 
denser to drive out the last traces of 
volatile hydrocarbon. Shut off the 
steam as soon as vapor begins to issue 
from the lower end of the condenser. 
Immediately open the stopcock of the 
dropping funnel to prevent NaOH being 


____ drawn into the evolution flask. 
Bice (g) Stopper the burette and allow its 
Si contents to come to room temperature 


or bring them to a definite temperature 
by immersing the burette for 1 to 2 hr. 
va in a water bath held at 25 C. 

Pe (h) Read the volume of the upper 


layer to the nearest 0.01 ml. The vol- 
ae ume multiplied by the specific gravity 
equals the weight of the volatile hydro- 
— carbon. The specific gravity should be 
determined at the temperature at which 
the volume is read. A small Sprengel 
tube made of 3-mm. glass tubing is con- 
Calculation 


tile hydrocarbons as follows: 


M X sp. gr. 


100 
x 


4 


53. Calculate the percentage 


ing the acid, the steam cau- where: ( 
tiously, so adjusting the pressure by a 3 
bleeder valve that just enough steam tageot volatile hydrocarbons, 
ae flows to prevent any liquid from backing = milliliters of volatile hydrocarbon, in 
into the steam trap flask. f le (: 
(d) When all the acid has been added, rosi 
turn on enough steam to cause brisk Loss on IGNITION (¢ 
distillation, taking care that no liquid 
is carried over from the evolution and Procedure or 
: 4 wash flasks and that the condenser 54. Weigh accurately about 2 g. of ( 
+ e c ; water does not become warm. sand in a clean platinum crucible with a ( 
J m (e) Continue the distillation until tight-fitting lid, and ignite to constant (1 
| oe there is no increase in the volume of weight. Weigh accurately about 2 g. of (1 
as the upper layer for 45 min. or no small _ the cleaner in the crucible, and heat with (7 
droplets can be noted in the condensate. a low flame. Increase the heat gradu- é; 


ally as the water is driven off, care being F carb 


taken to prevent spattering. Ignite to 

constant weight. Cool in a Ne 


Calculation 


55. Calculate the loss on ignition as — minat 
follows: 
loss in wt. volati 


Loss on ignition, per cent = ———————- X 100 
wt. of sample cate 


REPORT 


Composition of Cleaner than 
56. (a) Paste or Liquid Cleaners. — 


dded 
The sum of the water, soap (and rosin ie inf 
soap), volatilehydrocarbons, syntheticde- rosin 


tergent or wetting agent, and total matter 
insoluble in alcohol shall be reported and 
should represent 100 per cent but seldom 
totals thisamount. The constituents of 
the total matter insoluble in alcohol may 
be reported as described in Paragraph 
(b) for the constituents of solid cleaners 

(b) Solid Cleaners——The following 
constituents shall be reported: 

(1) Percentage of total Na20, 
(2) Percentage of K,O, 
_ (3) Percentage of free NaOH, 

(4) Percentage of water (distillation 


method), 
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(5) Percentage of loss at 105 C., 

(6) Percentage of loss on ignition, 

(7) Percentage of matter insoluble in 
alcohol, 

(8) Percentage of fatty acids (and 
rosin acids), 

(9) Percentage of rosin, 

(10) Percentage of synthetic detergent 
or wetting agent, 

(11) Percentage of SiOz, 

(12) Percentage of POs, 

(13) Percentage of COs, 

(14) Percentage of NaCl, 

(15) Percentage of Na2SO,, and 

(16) Percentage of volatile hydro- 
carbons. 


Note.—Of the above determinations water, 
free NaOH, loss at 105 C., loss on ignition, 
matter insoluble in alcohol, rosin, synthetic 
detergent or wetting agent, NaCl, NasSO,, 
and volatile hydrocarbons are complete deter- 
minations in themselves. Water may be free or 
combined as water of crystallization. Loss at 
105 C. will show the total free or uncombined 
volatile matter, while loss on ignition will indi- 
cate the amount of combined water and organic 
or inorganic matter present. The determina- 
tion of material insoluble in alcohol will account 
for most of the alkalies except sodium hydroxide, 
and is a means for checking the matter other 
than soap or synthetic agent which may be 
present in a composition. Since rosin is often 
added as such to metal cleaning compositions, 
it is not always satisfactory to calculate it as 
rosin soap. 


Conversion Factors = 


57. Conversion of the various constit- 
uents determined to their equivalents 
as chemical compounds for the purpose of 
reporting may be made as follows: 

(a) Soap.—See Section 10. 

(b) Sodium Silicate—To calculate 
combined with SiOz: 

Use ratio of 1 NasO to 3.25 SiO, for liquids arid 
pastes. This silicate is most commonly used: 
Na,0O, per cent = SiO», per cent X 0.3077 . (1) 

SiOz to NazSiOs, if identified : 

Na,O, cent = 0.5082 Na»SiOs, per cent. 


SiO: to (NazO),.s (SiOz), if identified: 
Na,O, per cent 
= 0.6075 X sesquisilicate per cent. . (3) 
SiO: to Na,SiO,, if identified: 
Na,O, per cent 
= 0.6737 X Na,SiO,, per cent. . (4) 


(c) Sodium Phosphate—To calculate 
combined with P.O;: 


Calculate P,O; to NasPQ,, if identified: 
Titratable Na,O, per cent 
= 0.3778 X NasPO,, per cent. . (5) 
Calculate P,O; to Na,P,O;, if identified: 
Titratable NazO, per cent 
= 0.2331 X Na,P20,, per cent. . (6) 
Calculate to NasPO, and if 
identified. 


Note.—If the total P.O; is known, and the 
sum of the two phosphates, (this can often be 
obtained by subtracting the total of all the other 
known compounds from 100, but may be far 
from accurate because of uncertainties surround- 
ing such items as carbonates, silicates, etc.) 
this is a simple algebraic calculation. 


Calculate percentage of NayO as in Eqs. (5) 
and (6) 


(d) Potassium.—If potassium was 
found, it is very likely to be present as 
potassium soap. Calculate the K.O, if 
present, to soap in about the correct 
amount to combine with fatty acids: 


Mol. wt. of K soap = (F + 56.1) — 18. . (7) 


where F = molecular weight of fatty acids (and 
rosin acids) (Section 7) 


Wt. of K soap = 
2 X mol. wt. of K soap X KO, per cent 


42 . (8) 
K soap, per cent = 
he wt. of sample (1.000 g.) i 


(e) Residual K,O.—Calculate residual 
K,0, if any remains to K,COs: 


K.COs, per cent = K,O, percent X 1.467.. 
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(f) Sodium and Potassium Oxides.— 
Calculate CO2 to NazCO; if no K2CO; 
is present: 


NaeCOs, per cent CO:, per cent X 2.409... (11) 


If K,CO; is present calculate the per- 
centage of CO. combined with K,O 
as follows: 


CO:, per cent = K2COs, per cent X 0.3184. . (12) 


Then subtract this percentage of CO, 
i from the total CO» and calculate the 
aes balance to Na2CO; as in Eq. 10. 

in (g) Total NaxO.—Total the calculated 
percentage of combined with all 
the alkali titratable acid radicals: 


Soap (Section 10)................... 
(1:3.25 ratio (Eq. 1) or. 


om Sodium 1:1 ratio, if identified 


Na2O, per cent 
Sodium 
phosphate* 
(Paragraph 
(c)) (Eq. 6)......... 


K:,CO;, 

(Paragraph (d))..K2COs, per cent X 
0.4485 (equivalent 
to Na2,O) (Eq. 10). 


NaeCOs, 
(Paragraph (e)). —, per cent X 
0.5 848 (Eq. 


@ One Na for each P is not titratable. 


(hk) If this total is in excess of the 
total alkalinity as percentage of Na2O 
determined in accordance with Sections 
4 and 5, the wrong silicate or phosphate 
has been used in the calculations. 

(i) If the total calculated percentage 
of Na,O is less than the total Na,O as 
determined under Sections 4 and 5 and 
sodium hydroxide has been proven to be 
present, calculate the residual alkalinity 
to NaOH as follows: 


NaOH, per cent = Na,O, per cent X 1.2903 
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Committee D-13 on Textile Materials 
held two meetings during the year: one 
on October 15 to 17, 1941, in New York, 
N. Y., and the other on March 11 to 13, 
1942, in Providence, R. I. The number 
of members and guests registered was 
177 and 139, respectively. The total 
attendance at these two meetings set 
a new high record. Of the 28 subcom- 
mittees or sections which compose the 
organization of Committee D-13, 16 
held sessions at the fall meeting and 17 
at the spring meeting. The executive 
direction of the committee’s affairs 
required two meetings of the officers 
and two meetings of the Advisory Com- 
mittee. 

The above facts, together with the 
numerous subcommittee activities and 
the many recommendations regarding 
standards reported herein, indicate that 
interest in standardization in the textile 
field has been well maintained. The 
officers of the committee take this op- 
portunity to express their full apprecia- 
tion of the cooperative and valuable 
service rendered by the chairmen and 
members of the subcommittees during 
the past year, especially in view of the 
increased demands upon their time and 
energy imposed by war conditions. 

The Advisory Committee has ap- 
proved of the following changes in sub- 
committee and section chairmen: J. B. 
Goldberg as chairman of Subcommittee 
A-2, Section I on Rayon vice A. M. 
Tenney; E. M. Edgerton as chairman of 
Subcommittee A-2, Section II on Rayon 
Fabrics vice Alexis Sommaripa; E. M. 
— as Subcommittee 
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A-8, Section I on a and 
Definitions vice A. C. Clifford; 
J. F. Wooten as chairman of Sub- 
committee A-8, Section II on Yarn, 
Roving and Twine vice L. H. Nicholson. 
A. M. Tenney retains the general chair- 
manship of Subcommittee A-2 on Rayon 
and Its Products. K. H. Barnard is 
serving as acting chairman of Sub- 
committee B-4 on Bleaching, Dyeing 
and Finishing in place of W. M. Scott. 

Society and committee appointments 
of representatives involving Committee 
D-13 members were as follows: W. D. 
Appel on Technical Committee X on 
Conditioning and Weathering of Com- 
mittee E-1; A. G. Ashcroft and W. M. 
Scott on the Sectional Committee on 
Fastness of Colored Textiles (ASA 
Project: L 14); F. S. Mapes on the 
Sectional Committee on Electrical In- 
sulating Materials (ASA Project: C 59) 
vice W. H. Bassett, Jr.; F. A. Prisley on 
the Standing Committee of Commercial 
Standard CS 65 — 38 on Wool and Part 
Wool Fabrics vice J. A. Levering; E. 
M. Penney on the Subcommittee on 
Definition of Glass of Committee E-8; 
A. G. Ashcroft to the hearing on April 
10, 1942, by the Federal Trade Commis- 
sion on color fastness of textiles. 

The American Standards Association 
has approved as American standards 
two standards under the jurisdiction of 


Committee D-13, namely, Standard 
Specifications for Textile Testing 
Machines (D 76-41) and Standard 


Methods of Testing Wool Felt (D 461 - 
40). The ASA designations which have 


been assigned to these ‘Standards are 
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L 15. 1-194 and L 16.1 — 1942, respec- 
tively. 

In September, 1941, the Office of 
Price Administration requested the 
American Standards Association to draft 
definitions for denim and broadcloth. 
This request was referred to the Ameri- 
can Society for Testing Materials and 
in turn to Committee D-13. A small, 
representative working committee was 
appointed with the approval of the 
ASA with A. G. Scroggie as its chairman. 
Under his skillful and wise guidance 
proposed definitions had been prepared 
and were ready for submittal to a larger 
group of interested parties when in- 
structions were received from the OPA 
to discontinue the project. 

The Membership Committee, G. E. 
Hopkins, chairman, has continued its 
quiet effective work throughout the 
year and is largely responsible for the 
steady growth of Committee D-13 which 
has brought it into first place in point of 
membership among the standing com- 
mittees of the Society. 

The present membership of Com- 
mittee D-13 is 243; of whom 104 are 
classified as producers, 51 as consumers, 
and 88 as general interest members. 


EMERGENCY ALTERNATE PROVISIONS IN 
STANDARDS 


Emergency Alternate Provisions in the 
Standard Specifications and Methods of 
Test for Asbestos Roving for Electrical 
Purposes (D 375 — 41) waiving the mag- 
netic iron requirements, were accepted 
by Committee E-10 on Standards on 
June 18, 1942, and have been issued un- 
der the designation EA — D 375. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is presenting for 
publication as tentative two new 
specifications, six new methods of test 
for textile materials, and is recom- 


mending the revision of sat tentative 
standards, the revision of five existing 
standards for immediate adoption, the 
tentative revision of two existing stand- 
ards, the adoption as standard of six 
tentative standards and of six tentative 
revisions of existing standards, the with- 
drawal of one existing standard, and 
rhe reapproval of the following existing 
standards which have stood six years 
or more without revision: 
Standard Specifications for: 
Tolerances for Numbered Cotton Duck (D 230 - 
27), 
Pr Cotton Tape for Electrical Purposes 
(D 335 - 36), 


And Test for Holland Cloth (D 376-35), 
Standard Methods of: 


_Testing and Tolerances for Certain Light and 


Medium Weight Cotton Fabrics (D 274 — 36), 
Determining Relative Humidity (D 337 - 34), 
and 
Test for Shrinkage in Laundering of Woven 
Cotton Cloth (D 437 — 36). 


The revisions being presented are 
included in detail in Appendix I and are 
accompanied, where necessary, by brief 
statements of the reasons for such 
revisions. The new tentative standards 
and the existing standards affected are 
listed in Table I and are also referred to 
under subcommittee activities. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 243 members, 
the results being shown in Table I. 

At the March, 1942, meeting the 
committee endorsed the American War 
Standard Specification and Description 
of Color (ASA Z44-1942) issued by 
the American Standards Association as 
an emergency standard and its use in 
connection with textiles. The com- 


mittee also approved the publication 
of this emergency standard as an appen- 
dix to its annual compilation’ for the 


information of its members. 
1See specia! 


Textile Materials, ” 1942, 
No. 119, December 1942, p. 20. 


ial compilation, ‘‘A.S.T.M. on 
p. 360; also ASTM 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


I. New Tentative STANDARDS 
Spec. for Asbestos Cloth.................. 
Spec. for Finished All- Cotton ‘Upholstery 

Tapestries. . . 

Testing and Tolerances for Certain All- 
Cotton and Cotton-and-Rayon Fine 
Fancy Goods... 

Testing and Tolerances for Certain Fine 
Stap Goods 


‘olerances for Jute Rove and 
Yarn for Electrical and Packing 
Test for Colorfastness to Atmospheric 
Gases of Dyed Cellulose Acetate 
for Finishes on 
tiles 


ganisms 


II. Revisions or TENTATIVE STANDARDS 


Testing ont. Tolerances for Woven Tapes 
(D 259 ~ 39 T) 

and Tolerances for Certain Wool 

art Wool Fabrics (D 462 - 37 T).. 

—* Analysis of Textiles (D 629 - 


III. Revistons or STANDARDS, IMMEDIATE 
PTION 
Testing and Tolerances Ducks 
and Belt Ducks (D 181 - 40) 2 
Testing and Tolerances aor Continuous 
Testing Pile 4 
Spec. and Test for Asbestos Roving for 
Electrical Purposes (D 375 -41)........ 
Test for Fastness of Dyed or Printed Cot- 
ton Textiles to Laundering or Domestic 
Washing (D 435 - 41)................... 


IV. Tentative Revisions oF STANDARDS 


Testing Wool Felt (D 461 — 40).. ; 
Spec. and Test for Fineness of Wool Tops 
(D 472 - 41) 


V. Apoption gr TENTATIVE STANDARDS 
AS STANDARD 


Test for Commercial Weight of Continu- 
ous Filament Rayon Yarns (D 258 - 
41 T), as revised.. 

Test for Resistance to Yarn ‘Slippage in 

Testi 


0! 540-41 T)...... 
Or Weight of Spun 
— Yarns es Threads (D 507 - 
Some and for Asbestos Yarns 
Testing Woven Asbestos Cloth (D 577 - 
40 T) 


Test 


VIL. Apoption As STANDARD OF TENTATIVE 
REVISIONS OF STANDARDS 


and for Cotton Yarns 
Testing for Cotton Sewing 
Testing and Secuaees for Tire Cord, 
Woven and on Cones (D 179 - 38)....... 
Testing Pile Floor Coperins (D 418 — 40).. 
Spec. for Textile Testing Machines 
(D 76 -41)..... 
Def. of Terms Relating ‘to Textile Mate- 
rials (D 123-41) 


29 
34 


| Negative 


o co WN nv ©& 


co 


“Not Voting” 


| Ballots Marked 


On OC 
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E (Concluded 


VII. Wiraprawat or STANDARD 
Test for Estimating Hard Scoured Wool in 


the Grease = Scale Operations) 


VIII. REAFFIRMATION OF STANDARDS 
Spec. for Tolerances for Numbered Cotton 
Spec. for 0.007-in. Soe Tape for Elec- 
trical Purposes (D 33. 
Spec. Test Holland Cloth 
Testing and Tolerances for Certain Light 
and Medium Weight Cotton wenn 


| Affirmative 
| Negative 


34 
36 


(D 274 - 36) 
Relative Humidity, (D 337 - 
4 


Test for in Launderi: of | 
Woven Cot loth (D 437 - 36; ASA | 
L10-1936) 


| Ballots Marked, 
“Not Voting” 


The committee also approved for 
publication as information as an appen- 
dix to its annual report a Proposed 
Method of Test for Diffuse Transmission 
of Blackout Material for Incandescent- 
Lamp Light, taken from the proposed 
Amendment 3 to Federal Specification 
CCC-C-521a for Shade Cloth. 


ACTIVITIES OF SUBCOMMITTEES 


- 


The recommendations being submitted 
indicate that the various subcommittees 
and sections have been quite active 


during the year. 


Many important proj- 


ects are under consideration and are 
mentioned briefly in the following sum- 
mary of subcommittee activities. 
Subcommittee A-1 on Cotton and Its 


Products (K. B. Cook, 


chairman): 


Section I on Cotton (R. W. Webb, 
chairman) is recommending that the 


Tentative General Methods of Testing 
Cotton Fibers (D 414-40T) be con- 
The methods are 
being used and various points are being 
checked, but they are still considered 


tinued as tentative. 


in the experimental stage. 


The section is studying new methods 
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for the measurement il length and 
strength of cotton fibers. 

Section II on Cotton Yarns and Threads 
(A. C. Clifford, chairman) is recom- 
mending the adoption as standard of 
the tentative revisions* in the Standard 
General Methods of Testing and Toler- 
ances for Cotton Yarns (D 180-41) 
on determination of twist and appear- 
ance of cotton yarns, and of the tentative 
revision® in the Standard Methods of 
Testing and Tolerances for Cotton 
Sewing Thread (D 204 — 39) on tolerance 
for yardage. 

The section is studying methods of 
test for ball warps, determination of 
regain, twist in single yarn component 
of plied yarns, type of jaws for strength 
test of heavily plied yarns, tolerance for_ 
commercial regain, three methods for 
determination of twist in single yarns, 
tension in single yarn twist tests, and a 
number of tests for yarn number and 
strength determinations. 

Section III on Light and Medium 
Weight Cotton Woven Fabrics (R. T. 
Fisher, chairman) is recommending for 
publication two new tentative standards: 
namely, proposed Tentative Methods of 
Testing and Tolerances for Certain All- 
Cotton and Cotton-and-Rayon Fine 
Fancy Goods,‘ and Methods of Testing 
and Tolerances for Certain Fine Staple 
Cotton Gray Goods.‘ 

The section has reviewed the Standard 
Methods ‘of Testing and Tolerances 
for Certain Light and Medium Weight 
Cotton Fabrics (D 274-36), and the 
Standard Method of Test for Shrinkage 
in Laundering of Woven Cotton Cloth 
(D 437 — 36), and finds them in accord 
with present practice and recommends 
their reapproval. 


21941 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 636. 

21941 Supplement to. Book of A.S.T.M. Standards, 
Part ITI, p. 637. 

4 These methods were accepted as tentative by the 
Society and appear in the 1942 Book of A.S.T.M. Stand- 
ards, Part ILI, pp. 1496 and 1494, respectively. 


1942 Book of A.S 
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Section IV on Tire Fabrics (Martin 
Castricum, chairman) recommends the 
adoption as standard of the tentative 
revisions’ in the Standard Methods of 
Testing and Tolerances for Tire Cord, 
Woven and on Cones (D 179 — 38) which 
enlarges the scope to include rayon 
cords, provides a sampling procedure, 
and specifies number of tests. 

The section has reviewed the Stand- 
ard Specifications and Methods of Test 
for Holland Cloth (D 376-35) and 
finds them in accord with present prac- 
tice and recommends their reapproval. 

Studies are being conducted on test 
conditions and methods of testing rayon 
cord. 

Section V on Heavy Cotton Woven 
Fabrics (B. L. Whittier, chairman) 
recommends for immediate adoption, 
a revision of the Standard Methods of 
Testing and Tolerances for Hose Ducks 
and Belt Ducks (D 181-40) as ap- 
pended hereto,® covering specifications 
for certain hose and belt ducks. 

The section has reviewed the Standard 
Specifications for Tolerances for Num- 
bered Cotton Duck (D 230-27) and 
finds them in accord with present prac- 
tice and recommends their reapproval. 

The section is studying specifications 
for ducks to be incorporated in Standard 
Specifications D 230 and is continuing 
its study of means to eliminate jaw 
breaks in testing heavy fabrics for 
strength. 

Section VI on Narrow Fabrics (F. S. 
Mapes, chairman) recommends a revi- 
sion of the Tentative Methods of Testing 
and Tolerances for Woven Tapes 
(D 259-39T) to provide a breaking 
strength test in the direction of the 
filling, as given in Appendix I. 

$1941 Supplement to Book of A.S.T.M. Standards, 
6 These revised methods were adopted as standard by 


the Society and — in their latest revised form in the 
.T.M. Standards, Part III, p 583. 


Part III, p. 637 
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This section has reviewed the Standard 
Specifications for 0.007-in. Cotton Tape 
for Electrical Purposes (D 335 — 36) and 
finds them in accord with present prac- 
tice and recommends their reapproval. 
Subcommiitee A-2 on Rayon and Its 

Products (A. M. Tenney, chairman): 

Section I on Rayon (J. B. Goldberg, 
chairman) recommends, for immediate 
adoption, as given in Appendix I, a 
revision of the Standard Methods of 
Testing and Tolerances for Continuous 
Filament Rayon Yarns (D 258 — 40) to 
include provision for number of tests. 

The section is recommending that the 
Tentative Method of Test for Commer- 
cial Weight of Continuous Filament 
Rayon Yarns (D 258 — 41 T), revised as 
given in Appendix I, be adopted as 
standard and incorporated in Standard 
Methods D 258 — 40. 

The section is studying the number 
of tests required for determining denier 
and twist of rayon filament yarns. 

Section II on Rayon Fabrics (E. M. 
Edgerton, chairman) recommends the 
adoption as standard of the Tentative 
Method of Test for Resistance to Yarn 
Slippage in Silk, Rayon, and Silk- 
Rayon Woven Fabrics (D 434 - 36 T).7 
This standard has been held tentative 
pending the investigation of shrinkage 
problems. No adverse criticisms have 
been received. 

Section III on Rayon Staple and Spun 
Rayon Yarn (K. B. Cook, chairman) 
recommends the adoption as standard 
of Tentative Methods of Testing Rayon 
Staple (D 540 — 41 T); the section also 
recommends that the Tentative Method 
of Test for Commercial Weight of Spun 
Rayon Yarns and Threads (D 507 - 
41 T), revised as given in Appendix I, 


7 1939 Book of A.S.T.M. Standards, Part IJ 1031. 
8 1941 — to Book of A.S.T.M adards, 


Part p. 565 + 
wins 
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be adopted as standard and incorporated 
in Standard Methods D 507 — 39. 

This section is developing evenness 
standards for spun rayon yarns and 
methods of test for commercial weight 
and resiliency of rayon staple. 
Subcommittee A-3 on Wool and Its 

Products (A. G. Ashcroft, chairman): 

Section I on Wool (Werner von Bergen, 
chairman) recommends that the revision 
of the Standard Specifications and 
Methods of Test for Fineness of Wool 
Tops (D 472-41), published as tenta- 
tive in 1941,° which provides for require- 
ments or grades 48’s to 36’s, be further 
revised, as given in Appendix I, to bring 
the requirements in line with those for 
grades 80’s to 50’s. 

The section is recommending the 
withdrawal of the Standard Method of 
Test for Estimating Hard Scoured Wool 
in Wool in the Grease (Mill Scale Opera- 
tions) (D 232-36). In conjunction 
with the wool trade and the Treasury 
Department a new method of estimating 
the clean content of wool in wool in the 
grease is being developed. 

The section is conducting an inter- 
laboratory study of fineness measure- 
ment of top, card sliver, and noils and 
of nep count in top. 

Section II on Felt (G. H. Harnden, 
chairman) recommends for publication as 
tentative a revision of the Standard 
Methods of Testing Wool Felt (D 461 - 
40) as given in Appendix I, to provide 
methods of test for water shrinkage and 
thickness swell. 

The section is studying definitions, 
specifications, and methods of test for 
fiber content, acid determination, and 
fastness to soap and weather. 


3 
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Section III on Woolen and Worsted = 


Yarns 


(Fred Noechel, 


chairman) is 


studying the effect of tension in reeling 


on yarn number determination, and is 
conducting interlaboratory tests to de- 


10 1939 Book of A.S.T.M. Standards, Part III, p. 448. 
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termine the number of tests to be used 
for yarn number determinations. 

Section IV on Pile Floor Coverings 
(J. N. Dow, chairman) recommends for 
immediate adoption a revision of the 
Standard Methods of Testing Pile Floor 
Covering (D 418 — 40) to include a sec- 
tion on precision of results for axminster 
carpets as given in Appendix I. This 
section is also recommending the adop- 
tion as standard of the tentative revi- 
sion" of Standard Methods D 418 pro- 
viding a form for reporting test results. 

The section is continuing its studies 
on wear testing, mothproofing, and 
flameproofing. 

Section V on Woolen and Worsted 
Fabrics (F. A. Prisley, chairman) recom- 
mends a revision of Tentative Methods 


of Testing and Tolerances for Certain ~ 


Wool and Part Wool Fabrics (D 462 - 
37 T) to bring the standard in accord 
with the Wool Products Labeling Act 
as appended hereto.” 

The section will develop various test 
methods to evaluate serviceability and 
performance of fabrics undér consumer 
conditions. 
Subcommittee A-4 on Asbestos and Its 


Textile Products (F. S. Mapes, 
chairman): 
This subcommittee submits for 


publication as tentative new proposed 
Tentative Specifications for Woven As- 
bestos Cloth.” 

The subcommittee is recommending 
for immediate adoption a revision, of the 
Standard Specifications and Methods of 
Test for Asbestos Roving for Electrical 
Purposes (D 375 — 41) as given in Appen- 
dix I, covering an additional method 
(U. S. Navy method) for determination 
of total iron. The subcommittee has ap- 
proved, as an emergency provision, the 
~~ 41 1941 Supplement to Book of A.S.T.M. Standards, 
Part IIT, p. 638. E 

12 These revised methods were accepted as tentative by 
the Society and appear in the in their latest revised form 
1942 Book of A.S.T.M. Standards, Part III, p. 1526. 

18 These specifications were accepted as tentative by 


the Society and appear in the 1942 Book of A.S.T.M. 
Standards, Part III, p. 1455. 
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waiver of Section 5 on requirements for 
iron content and Section 17 (revised 
numbering) on method for determination 
of magnetic rating in Standard D 375. 

The subcommittee also recommends 
the adoption as standard of the Tenta- 
tive Specifications and Methods of Test 
for Asbestos Yarns (D 299 - 40 T)" and 
the Tentative Methods of Testing 
Woven Asbestos Cloth (D 577 —- 40 T).¥ 

The subcommittee is continuing its 
studies of the evaluation of grades of 
asbestos textiles on a time-temperature 
basis, and of methods for determining 
the relative value of asbestos textiles 
from an insulation standpoint. 
Subcommittee A-5 on Bast and Leaf 

Fibers and Their Products (A. R. 

Howe, chairman): 

This subcommittee submits for 
publication as tentative new proposed 
Tentative Methods of Testing and 
Tolerances for Jute Rove and Plied 
Yarns for Electrical and Packing Pur- 

The subcommittee is developing test 
methods for flax and hemp products 
and has under consideration similar 
tests for jute twine, sisal and manila 
products. The classification of com- 
mercially important bast and leaf fibers 
with description, photographs, and 
chemical and microscopical character- 
istics is under consideration. 
Subcommittee A-6 on Household and 

Garment Fabrics (Ruth O’Brien, chair- 

man): 

This subcommittee recommends for 
publication as tentative new proposed 
Tentative Specifications for Finished All- 
Cotton Upholstery Tapestries.!” 

The subcommittee recommends that 
the Tentative Specifications for Bleached 


14 1940 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 430. 

6 Tbid., p. 434. 

16 These methods were accepted as tentative by the 
Society and appear in the 1942 Book of A.S.T.M. Stand- 
ards, Part III, p. 1515. j 

17 These specifications were accepted as anergy 
the Society and appear in the 1942 Book of A.S.T.M. 
“Standards, Part III, p. 1465. 
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Wide Cotton Sheeting (D 503-40 T), 
and for All Wool, All Cotton, and Wool 
and Cotton Blanketing (Household) 
(D 576 — 40 T) be continued as tentative 
because of the abnormal situation re- 
garding qualities of civilian goods 
brought about by the tremendous burden 
which military requirements have placed 
on the textile industry. 

The subcommittee is conducting stu- 
dies on the serviceability of sheeting and 
dishtoweling. 

Subcommittee A-8 on Glass Fiber and 
Its Products (Dean Harvey, chair- 
man): 

This subcommittee recommends that 
the Tentative Methods of Testing and 
Tolerances for Glass Yarn (D 578- 
40 T) be continued as tentative pending 
the development of a method of test for 
yarn number, and also that the Tentative 
Methods of Testing and Tolerances for 
Woven Glass Tubular Sleeving and 
Braids (D 581-40 T) be continued as 
tentative pending more extensive prac- 
tical experience in the use of these 
methods. 

The subcommittee is studying con- 
traction of yarn due to twist, deter- 
mination of yarn number, abrasion 
methods, corrosion of copper by sizing, 
and compatibility of sizing. 
Subcommittee B-1 on Methods and 

Machines (W. D. Appel, chairman): 
Section I on Methods (W. D- Appel, 
chairman) recommends for publication 
new proposed Tentative Method of 
Test for Colorfastness to Atmospheric 
Gases of Dyed Cellulose Acetate Rayon.'* 
This section is also recommending a revi- 
sion of Tentative Methods of Quantita- 
tive Analysis of Textiles (D 629 - 41 T) 
as appended hereto.'® 

The section is continuing its studies 
on accelerated aging, identification of 

18 This method was accepted as pentative by the Society 
and a rs in the 1942 Book of A.S.T.M. Senitaeds, 
Part Til. p. 151°. 


19 These revised methods were accepted as tentative 


by the Society anc jon > tke 1942 Book of A.S.T.V. 
1425 


tandards, t Il 
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fibers, resilience of fibers, and soiling 
of textiles. The development of quan- 
titative methods for various new fibers 
will be undertaken. 

Section II on Machines (H. J. Ball, 
chairman) recommends the adoption as 
standard of the tentative revision® in 
Standard Specifications for Textile Test- 
ing Machines (D 76 — 41) which provides 
requirements for twist testers. 

The section is continuing its studies 
on sensitivity of type A machines, effect 
of rate of loading on strength and elonga- 
tion of cotton yarns, and specifications 
for yarn reels and drying ovens. 

Section III on Atmospheric Conditions 
(R. H. Brown, chairman) has reviewed 
the Standard Method of Determining 
Relative Humidity (D 337-34) and 
finds it in accord with present practice 
and recommends its reapproval. 

The section is studying, jointly with 
Section II, drying and conditioning 
technique. Regain data on specific 
materials are being collected for publica- 
tion in the compilation of “A.S.T.M. 
Standards on Textile Materials.” 
Subcommittee B-2 on Nomenclature and 

Definitions (A. G. Scroggie, chairman): 

This subcommittee recommends the 
adoption as standard of the tentative 
revision” in the Standard Definitions 
of Terms Relating to Textile Materials 
(D 123 — 41) of the term “Weight, Com- 
mercial” with an editorial revision to 
retain the word “moisture” now in- 
dicated to be omitted, and the term 
“Weight, Commercial (Rayon)” with 
an editorial change to add the word 
“moisture” before the word “regain.” 
The definition of the term resilience is 
being continued as tentative. 


Subcommitiee B-4 on Bleaching, Dyeing. 


and Finishing (W. M. Scott, chairman, 

K. H. Barnard, acting chairman): 

This subcommittee is recommending 
for publication two new tentative stand- 


1941 Supplement to Book of A.S.T.M. Standards, 


tr TII, pr. 635, 639. 
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ards: namely, Tentative Methods of 
Test for Identification of Finishes on 
Textiles,” and for Resistance of Textile 
Fabrics to Microorganisms.*! 

The subcommittee is recommending 
for immediate adoption a revision of the 
Standard Method of Test for Fastness 
of Dyed or Printed Cotton Textiles to 
Laundering or Domestic Washing 
(D 435-41) to include linen and add 
two washing tests, one less severe and 
one more severe than the present tests. 
The revised Method of Test for Color- 
fastness to Commercial Laundering and 
to Domestic Washing of Cotton and 
Linen Textiles” has been prepared in 
cooperation with Sectional Committee 
L14 on Fastness of Colored Textiles, 
functioning under the joint sponsorship 
of the American Association of Textile 
Chemists and Colorists and A.S.T.M., 
under the procedure of the American 
Standards Association. The revised 
standard is based primarily upon the 
method recently developed by the Re- 
search Committee of the A.A.T.C.C. 

The subcommittee is recommending 
that the Tentative Method of Test for 
Apparent Fluidity of Dispersions of 
Cellulose Fibers in Cuprammonium Hy- 
droxide (D 539-40 T) be continued as 
tentative pending further consideration 
of a proposed revision. 

The subcommittee is also recommend- 
ing the publication as information of the 
American War Standard Specification and 
Description of Color (ASA Z44-1942)! 
and a Proposed Method of Test for Dif- 
fuse Transmission of Blackout Material 
for Incandescent-Lamp Light, the latter 
is given in Appendix II and has been 
taken from the proposed Amendment 3 
to Federal Specification CCC-C-521a for 
Shade Cloth. 
~~ a These methods were accepted as tentative by the 
Society and a in the 1942 Book of A.S.T.M. Stand- 
ards, Part Lit pp. 1435 and 1444, respectively. 

2 This rev method was adopted as standard by the 


Society and in its latest revised form in the 1942 
Book of A.S. . Standards, Part III, p. 603. 
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The subcommittee recommends that 
the Tentative Methods of Test for 
Resistance of Textile Fabrics to Water 
(D 583 — 40 T) be continued as tentative 
pending the formulation of contemplated 
revisions and that the Tentative Method 
of Test for Volumetric Determination of 
Small Amounts of Copper in Textiles 
(D 463 — 37 T) be continued as tentative 
pending the results of a study to deter- 
mine the advisability of revising or with- 
drawing it. 

This subcommittee is prepared to 
give prompt consideration to the addi- 
tional methods of test for the fastness 
of colored textiles which are being 
revised to provide uniformity of proce- 
dure as ASA Project Li4 under the 
joint sponsorship of A.S.T.M. and 
A.A.T.C.C., as well as to the special 
methods for the evaluation of hand of 
a fabric developed by the Special Com- 
mittee for Testing Textile Finishes, as 
mentioned elsewhere in this report, as 
soon as they are received. 
Subcommittee B-5 on Sampling, Presenta- 

tion, and Interpretation of Data (A. G. 

Ashcroft, chairman): 

This subcommittee has been active in 
assisting other subcommittees in making 
statistical studies of data with a view to 
establishing the number of tests required 
to give the desired precision. The sub- 
committee’s Proposed Recommended 
Practice for Calculating Number of 
Tests to be Specified in Determining 
Average Quality of a Textile Material is 
published as information in the compila- 

tion of “A.S.T.M. Standards on Textile 
Materials.” 

The subcommittee sponsored a Sym- 
posium on Statistical Methods at the 
October, 1941, meeting. The titles of 
the symposium papers are given under 
the activities of Subcommittee B-6. 
Subcommittee B-6 on Papers (R. H. 

Brown, chairman): 

This subcommittee arranged for the 
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presentation of the following papers at 
the October, 1941, meeting: 


“Development of Methods for the Evaluation 
of Textile Finishes,”* by E. C. Dreby, as a 
report of the Special Committee for Testing of 
Textile Finishes. 

“Engineering Use of Statistical Techniques 
in Testing,’’* by A. E. Brandt, 

“Application of the Statistical Method for 
Determining Number of Tests for Strength and 
Elongation of Rayon Yarns,’ by A. G. Scroggie, 

“An Example of the Use of Statistics in a 
Study of Chemical Test Methods,”** by Lillian 
Weidenhammer, 

“Application of Rank Correlation to the 
Development of Testing Methods,’ by E. R. 
Schwarz and K. R. Fox, and 

“Report of Activities of Subcommittee A-8 
on Glass Fiber,” by K. N. Mathes. 


The subcommittee also arranged for 
the presentation of the following paper 
at the March, 1942, meeting: 


“Applications of A.S.T.M. Methods for the 
Manufacturing Control of French Spun Yarn,” 
by Werner von Bergen and Fred Noechel. 


Special Committee for Testing of Textile 
Finishes (M. C. Moore, chairman): 
The research project on the develop- 

ment of methods for the evaluation of 
finishes of textile fabrics was concluded 
on October 31, 1941, at the end of its 
second year. The following is a brief 
summary of what has been accomplished 
under this project: 

1. Astudy has been made of the major 
properties of a fabric which go to make 
up the hand of that fabric. In coopera- 
tion with the A.A.T.C.C., these proper- 
ties were listed, defined, and given con- 
siderable publicity. This should help to 
standardize the terminology, clarify 
thought, and eliminate confusion on the 
subject. 

2. The three most important proper- 


in ASTM Buttetin, No. 114, January, 
1942, p. 

2” Ristracts of these papers appear in the — com- 
[ ation “A.S T.M. Standards on Textile Materials,’ 
1942, pp. 369, 372, and 376, respectively. 

3 Published in ASTM BULLETIN, No. 119, December, 
1942, p. 21. 
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ties which go to make up the hand of a 
fabric were found to be flexibility, sur- 
face smoothness, and fullness. 

3. Three instruments have been de- 
veloped for measuring these properties 
together with another property, that of 
compressibility. These instruments are 
(1) the Friction Meter for measuring 
surface smoothness, (2) the Planoflex for 
measuring flexibility, and (3) the Com- 
pression Meter for measuring compressi- 
bility. It was found that a combination 
of the measurements made on the Plano- 
flex and the Compression Meter gave a 
measure of fullness. 

4. Realizing that these methods and 
instruments would be of value only in so 
far as they were accepted and used by 
the trade, a program of publicity has 
been organized including (/) a visit to all 
of the sponsors to demonstrate the 
instruments and methods, (2) a series of 
papers describing each of the instru- 
ments to be published shortly in techni- 
cal journals, (3) and papers summarizing 
the project delivered by Mr. Dreby 
before Committee D-13 on October 16, 
1942,% ‘and before the Philadelphia 
Section of the A.A.T.C.C. on October 
24, 1942. 

A Permanent Committee has been ap- 
pointed to administer the affairs of the 
Special Committee after the termination 
of the research program. This com- 
mittee consists of George Slowinske, 
chairman, Laura E. Pratt, and W. D. 
Appel. The function of this committee 
is: first, to see to the adoption by Com- 
mittee D-13 of the instruments and 
methods which have been developed; 
second, to answer inquiries which may 
arise after publication of papers describ- 
ing the instruments and the methods for 
their use, and to promote the adoption of 
the instruments wherever possible; and 
third, to renew the research program at 
any time that the need of further study 
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_ A Program Committee has been ap- 
- pointed to determine the interest of the 


subscribers in continuing the work into 
third year. 


This committee consists 
of W. H. Steigler, chairman, F. Bonnet, 
and F. C. Scholler. The duty of this 
committee is to set up a program for a 
third year’s work, provided a sufficient 


- number of subscribers are interested in 


- employing a research associate to take 


Mr. Dreby’s place, and to raise sufficient 
funds to carry on the program. If a 


_ program is set up for a third year, the 


functions of the Permanent Committee 
will be turned over to an Administrative 
Committee for the third year program. 
In addition to further study of the appli- 
cation of the instruments which have 
been developed and possible further 
refinement of them, it might be found 
worthwhile in a third year program to do 
some work on the evaluation of crease- 


resistant finishes, shrink-resistant fin- 


_ ishes and slip-resistant finishes. These 
are three items on the original program 
_ on which no work has been done as yet. 
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There are now, however, available 
methods which have been considered 
reasonably satisfactory for evaluating 
them. 

The following officers were elected at 
the March, 1942, meeting for the two- 
year period from June, 1942, to June; 
1944: 

Chairman, H. J. Ball. 

First Vice-Chairman, F. S. Mapes. 

Second Vice-Chairman, A. G. Ash- 

croft. 

Secretary, W. H. Whitcomb. ted 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 243 members; 94 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


‘ H. J. Batt, 
Cheirmai. 
W.H. WaitcomB, 
Secretary, 
ar th 
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In this Appendix are given proposed 
revisions in certain standards and tenta- 
tive standards covering textile materials 
which are referred to earlier in this re- 
port.! These standards and tentative 
standards appear in their present form 
either in the 1939 Book of A.S.T.M. 
Standards, Part III, or the 1940 and 
1941 Supplements, Part III, as indi- 
cated by the final number in the A.S. 
T.M. designation. 


REVISION OF TENTATIVE STANDARD 


Tentative Methods of Testing and Toler- 
ances for Woven Tapes (D 259 -— 
39 T): 


Section 12.—Change from its present 
form to read as follows: 


12. (a) The breaking strength of the tape 
shall be determined on a testing machine con- 
forming to the Standard Specifications for Tex- 
tile Testing Machines (A.S.T.M. Designation: 
D 76) of the American Society for Testing 
Materials. Test results, when specimens break 
in the clamps of the testing machine, shall be 
discarded. 

(6) The specimens in the direction of the warp 
shall be tested in full section and the initial 
distance between clamps shall be 3 in. 

(c) The specimens in the direction of the filling 
shall be tested by the grab method in accordance 
with Section 10 of Standard Methods D 39 
and the initial distance between the clamps 
shall be in. 

(d) At least five determinations of the break- 
ing strength shall be made in each direction and 
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PROPOSED REVISIONS IN STANDARDS FOR TEXTILE MATERIALS 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


Standard Methods of Testing and Toler- 
ances for Continuous Filament Rayon 
Yarns (D 258-— 40): 


Section 4.—Change from its present 
form to read as follows: 


4. Strengith—The strength of the rayon yarn 
shall be expressed as tensile strength (grams 
per denier of the yarn before test) at the yield 
point or at rupture. 


Section 19.—Add new Paragraphs (d), 
(e), and (/) to read as follows: 


(d) The specimens of yarns for strength deter- 
mination shall be drawn from the side of the 
package instead of over the top to avoid change 
in twist. 

(e) Tests in which the specimen breaks at the 
jaw shall be rejected. 

(f) The tensile strength shall be expressed in 
grams per denier by dividing the breaking 
strength by the denier of the yarn. 


Section 20.—Change from its present 
form: namely, 


20. Five single strands from each of 10 spools, 
cops, tubes, cones, or skeins shall be broken. 
The average of 50 tests free from breaks at the 
clamps shall be the breaking strength of the 
yarn. The tensile strength shall be determined 
by dividing the average breaking strength by 
the denier of the yarn. 


to read as follows: 


20. The number of tests, , required for the 
determination of breaking strength and per- 
centage elongation shall be normally 30, which 
value is based on the following conditions: 
Probability, 0.95; precision (random sampling 
error), E, 2.5 per cent; coefficient of variation, 
V, 7 per cent. The tests shall be distributed 
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over = spools, cops, tubes, cones or skeins so 


that * tests are made on each package. 


Nore.—Available information indicates that 
the value of the coefficient of variation (7 
per cent) is higher than that of yarn currently 
supplied to the trade. If, at any time, the run- 
ning level of V based on experience is found to 
be Vi, (greater than 7 per cent) the number of 
tests required shall be determined from the 
following formula: 


The calculated value, m, shall be rounded off 
to the next higher multiple of 10. In no case 
shall m be less than 30. This requirement 
prescribes 40 tests when V; falls between 7 
and 8 per cent, for 50 tests when V; falls between 
8 and 9 per cent, etc. 


Standard Methods of Testing Pile Floor 
Covering (D 418 — 40): 


Section 17 (a) and Table I.—Change 
to read as follows by the addition of the 
italicized words: 


17. Precision of Results, Velvet and Axmin- 
ster Carpets.—(a) The true coefficients of varia- 
tion for each of the physical characteristics of 
velvet and axminster carpets are approximately 
those shown in Table I. The values in Table I 
may be used in estimating the precision of such 
measurements. 


TABLE I.—VALUES OF » AND E FOR VELVET AND 
AXMINSTER CARPET.* 


Limit | 
: tainty for e 
oar cent.’ | per cent (Chances 
Characteristic of the order 
of 9 in 10) 
Axmin- Axmin- 
Velvet a Velvet pron 
Pile yw weight...| 4.5 4.5 47.5 | 47.5 
Total weight....... 3.0 3.5 +5.0 +6.0 
Tuft length. ....... 2.0 2.5 +3.0 +4.0 
Total thickness..... 2.5 3.0 +4.5 +5.0 
Net pile thickness 3.5 5.0 +5.5 +8.0 


* The information in this table is based upon data 
obtained from a large number of analyses on typical velvet 
and axminster grades made by three manufacturers. 
Standard Specifications and Methods of 

Test for Asbestos Roving for Electri- 

cal Purposes (D 375 - 41): 


New Sections —Add the following new 


Sections 14 to 16 comets | an alterna- 
tive procedure for determining total 
iron, renumbering the subsequent section 
accordingly. Designate the present pro- 
cedure as “Method A” and the new 
procedure as “Method B.” 


B 


14. Reagents: (a) Phenanthroline Indicator.— 
The solution may be purchased ready for use. 

(b) Hydrochloric Acid (1:10).—Mix 1 volume 
of HCl (sp. gr. 1.19) and 10 volumes of distilled 
water. Each specimen will require 100 ml. of 
this solution. 

(c) Ceric Ammonium Sulfate Solution (0.1 N). 
—Dissolve 80 g. of ceric ammonium sulfate 
(Ce(SO,)2-2(NH4)2SO,-2H2O) in 500 ml. of a 
H,SO, solution (prepared by diluting 28 ml. of 
H.SO, (sp. gr. 1.84) with distilled water), stir 
until dissolved, and then dilute to 1000 ml. 
Standardize the solution, which is approxi- 
mately 0.1 N, against a solution containing a 
known amount of iron in accordance with the 
procedure described in Section 15 (6). 

15. Procedure: (a) Ash—Dry a sample of 
approximately 1 g. to constant weight in an 
oven at 105 to 110 C., transfer the specimen to a 
desiccator, allow to cool to room temperature, 
and then reweigh. This is the oven-dry weight 
of the specimen, weight D. Place the specimen 
in a tared No. 0 porcelain crucible and ignite 
in a muffle furnace at approximately 900 C. 
for 20 to 30 min. Transfer the crucible and 
specimen to a desiccator, cool to room tempera- 
ture, and then reweigh. The difference be- 
tween this weight and the tare weight of the 
crucible is the weight of ash, weight A. The 
amount of ash shall be calculated as a per- 
centage of the oven-dry weight of the =, 
as follows: 


Ash, per cent = ~ xX100 
D 

(b) Total Iron.—Transfer the ash (Paragraph 
(a)) to a 300-ml. glass beaker, add 25 ml. of 
c.p. HCl (sp. gr. 1.19), and heat to boiling. 
While the solution is boiling, add just a sufficient 
number of drops of c.p. HF to completely dis- 
solve the iron, and then concentrate by boiling 
to a volume of 15 ml., cool, and dilute with 100 
ml. of cold distilled water. Pass the solution 
through a Walden reductor, wash the reductor 
with 100 ml. of diluted HCl (1:10), add 15 to 
20 ml. of H.SO, (sp. gr. 1.84) and 3 drops of 
phenanthroline indicator to the filtrate, and 
then titrate with the standard ceric ammonium 
sulfate. 
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. Calculation and Report.—Report the total 
iron as a percentage of the oven-dry weight of 
the specimen as calculated from the following 


2 
M XN X 0.05584 
Total iron, X 100 


D 


where: 
M = milliliters of the standard ceric ammonium 
sulfate solution, 


N = normality of the ceric ammonium sulfate 
solution, and 
D = oven-dry weight of the specimen. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Methods of Testing Wool 
Felt (D 461 — 40): 
Section 1.—Designate this section as 
Paragraph (a) and add a new Paragraph 
(6) to read as follows: 


(6) The procedure for physical tests and 
chemical analysis as described in Section 4 to 
14 are applicable to all felts as described in 
Paragraph (a). The special test procedures 
described in Sections 15 to 17 are applicable 
only to the testing of felts for certain special 
applications and only when specified in the 
purchase order or material specifications. 


Tentative revision, submitted June, 1942. 


New Sections.—Add new Sections 15 
to 17 to read as follows: 


15. Water Shrinkage: (a) Sampling—Two 
samples, each approximately 12 by 12 in. shall 
be cut, preferably back from the end of the felt 
a distance equal to the width of the piece 
(Note 1). One sample shall be cut midway 
between the edges (marked as sample C) and the 
other shall be cut from an outer edge, inside of 
any pin holes (marked as sample E). Each 
sample shall be legibly marked with indelible 
ink or by other means to indicate the length- 
wise and widthwise direction in the original 
piece. 

Nore 1.—If for any reason it is impractical 
to cut samples from the locations specified, they 
may be cut from the outer end of the felt. In 
such cases, samples should be taken from two 
different rolls and the test results averaged. 


PROPOSED IN STANDARDS vor 


(b) Test Specimens—From each sample a 
test specimen shall be cut having minimum 
dimensions of 10 by 10 in,, using a template of 
suitable size to insure parallel sides. Each 
test specimen shall bear the identification marks 
prescribed in Paragraph (a). 

(c) Procedure—The width and length of each 
test specimen shall be accurately measured with 
a steel scale. The thickness of each specimen 
shall be determined by taking the average of 
12 measurements (three on each side) with a 
dial micrometer as described in Section 6 of 
the Standard General Methods of Testing 
Woven Textile Fabrics (A.S.T.M. Designation: 
D 39) of the American Society for Testing 
Materials. The specimens shall then be placed 
on: wire screen (preferably with }-in. openings) 
and immersed in boiling water for 2 min. 
(Note 2). The screen and specimens shall 
then be withdrawn, the specimens removed, and 
placed in a flat position between blotting paper to 
remove excess moisture, care being taken not 
to distort the wet specimen in either direction. 
Squeeze rolls shall not be used to remove further 
moisture. As soon as practicable, the width and 
and length of each test specimen shall be ac- 
curately measured to the nearest 7s in., 
the measurements being made at the center and 
each side in both directions. The average of 
the three readings each of the width and length 
shall be recorded. 

Note 2.—The use of a wetting agent is 
recommended for hard felts which will not 
wet out thoroughly in boiling water in 2 min. 

(d) Calculation—The water shrinkage of 
the specimens shall be calculated as the per- 
centage loss in size from the original dimensions, 
as follows: 


Shrinkage in length, per cent = ~, X 100 
1 
W,-W 
Shrinkage in width, per cent = ———* x 100 
1 
where: 
I, = average length of the original specimens 


Cand E, 

L, = average length of specimens C and E 
after removal of excess moisture, 

W, = average width of the original specimens 
C and E, and 

W, = average width of specimens C and E 
after removal of excess moisture. 

16. Water Thickness Swell: (a) Procedure.— 
The wet specimens obtained under Section 15 
(c) shall be dried in an oven to constant weight 
at 105 to 110 C. Twelve thickness measure- 
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ments shall be made in accordance with the 
procedure described in Section 15 (c), and the 
average thickness calculated. 

(b) Calculation.—The water thickness swell 
shall be calculated as the percentage increase 
ip thickness from that of the original specimen, 
follows: 


—T; 


Thickness swell, per cent = x 100 


where: 

T, = average thickness of original specimen 
(Section 15 (c)), and 

T: = average thickness of 
wetting and drying. 


specimen after 

Sheet Wool Felt 

17. Water Thickness Swell: 
tion, no noticeable shrinkage can ordinarily be 
be measured on small specimens of sheet felts. 
While this test is primarily intended as a thick- 
ness swell test, the procedure described in Sec- 
tion 15 (c) can be used when a shrinkage test 
for felt is desired. In this case, the 10 by 10- 
in. specimens shall be used as described in Sec- 
tion 15 (6) and the specimens shall be cut with 
the outer edges at a 90 deg. angle. 

(a) Test Specimens——Two test specimens, 
each approximately 2 by 2 in. shall be cut from 
different portions of the sheet. 

(b) Procedure—The thickness of the test 
specimens shall be accurately measured with a 
dial micrometer as described in Section 6 of 
Standard Methods D 39. The specimens shall 
be placed on a wire screen and immersed in 
boiling water for 2 min. (Note 2, Section 
15 (c)) as described in Section 15 (c). The 
specimens shall then be removed, and dried to 
constant weight at 105 to 110 C. At least 
four thickness measurements shall be made on 
each specimen and the average recorded. 

(c) Calculation—The percentage water thick- 
ness swell shall be calculated as described in 
Section 16 (6). 


Standard Specifications and Methods of 
Test for Fineness of Wool Tops (D 
472 — 41): 

Table I.—In place of the requirements 

proposed as a tentative revision? in 1941, 

substitute the requirements for wool 


21941 Suggheunt to Book of A.S.T.M. Standards, 
Part III, p. J 


tops of grades 48’s to 36’s prescribed i in 
the accompanying Table II. 


TABLE II.—REQUIREMENTS FOR WOOL TOPS. 


46’s |44’s 


.6133.3)34.8 
-2|34.7|36.5 
Fibers, per cent: 
10 to 20 microns, incl., min...|....)....|....|....|...- 
10 to 25 microns, incl., 
10 to 30 microns, incl., min...| 34 
10 to 40 microns, incl., min... 
25.1 to 30 microns, incl., max...|....|....)....)...-)ee0. 
to 40 microns, incl., max... 
to 40 microns, incl., 
to 50 microns, incl., max... 
to 50 microns, incl., ER 
to 70 microns, incl., max... 
to 80 microns, incl., max.. 3 


-1 


Minimum number of fibers re- 


quired for test, per sample. . . | 1600 1600 


ADOPTION oF TENTATIVE STANDARDS AS 
STANDARD 


Tentative Method of Test for Commer- 
cial Weight of Continuous Filament 
Rayon Yarns (D 258 — 41 T): 

Section 7.—Change Paragraph to 
read as follows by the addition of the 
italicized words and figure and the omis- 
sion of those in brackets: 


(b) Bath.—The weight of the boil-off bath 
shall be 25 times the combined weight of the 
two test specimens and shall contain [0.25 g. 
of sulfated fatty alcohol detergent] 0.5 g. of 
neutral soap per liter. 


Omit footnote 3 which 
follows: 


reads as 


Gardinol LS flakes or their equivalent are 
satisfactory for this purpose. 


Change the first sentence of Para- 
graph (c) to read as follows by the ad- 
dition of the italicized words: 


The two test specimens shall be treated 
simultaneously for 30 min. at the boiling tem- 
perature in the case of viscose or cuprammonium 
rayon; or at 71 to 77 C. in the case of acetate 
rayon, or mixtures containing acetate rayon. 


Section 8.—Change the last sentence 
to.read as follows by the omission of the 
words in brackets: 
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PROPOSED REVISIONS IN STANDARDS FOR TEXTILES 


The container shall then be closed, removed Sections 7 and 8.—Make the same 


from the oven, and allowed to cool [in a dry 
atmosphere] before weighing. 
Tentative Method of Test for Commer- mended above in Sections 7 and 8 of 


cial] Weight of Spun Rayon Yarns and 
Threads (D 507-41 T): cat Methods D 258 - 41 T. 


changes in these sections as recom- 
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(a) The diffuse luminous transmission 
aS of a single layer of blackout material shall 
be obtained by placing it in front of a bright 
diffusing source and by comparing (with 
any suitable means) the brightness of the 
unlighted side of the material with the 
brightness of the source observed directly. 
For the source, a white-lined inclosure may 
be used, with a projection-type incandescent 
lamp inside and a shield so placed as to hide 
the filament of the lamp from direct view 
through the opening of the inclosure. As 
an alternate source for dark materials, one 
may use a diffusing screen, such as a piece 
of white opal glass, with an incandescent 
lamp of high intensity behind it. In either 
case, the illumination of the test specimen 
shall be sufficient to permit brightness 
settings to be made for specimens of diffuse 
luminous transmission equal to 0.001 of 
1 per cent, and the lamp shall operate at a 
color temperature of 2800 to 3200° Kelvin. 
(b) Suitable instruments with which to 
compare the brightness of the lighted black- 
out materials with the brightness of the 
source used behind them are: (/) the Mac- 
beth Illuminometer (sold by Leeds and* 


IR: uced from Amendment 3, March 23, 1942, to 
pecification for Shade Cloth (CCC-C-521a). 


PROPOSED METHOD OF TEST FOR DIFFUSE TRANSMISSION OF 
~ BLACKOUT MATERIAL FOR INCANDESCENT LAMP LIGHT! 


Northrup Co., 4901 Stenton Ave., Phila- 
delphia, Pa.), (2) the Luckiesh-Taylor 
brightness meter (sold by the General 
Electric Co., Nela Park, Cleveland, O.), 
and (3) the Holophane Lightmeter (sold 
by the Holophane Glass Co., 342 Madison 
Ave., New York, N. Y.). For these instru- 
ments am illumination of about 10,000 foot 
candles on the test specimen has been found 
to be suitable. Photoelectric devices may 
be used when it is known that they give 
equivalent (luminous) values; however, 
many photoelectric cells are unsuitable for 
this purpose because of their response to 
infrared radiation. 

(c) At least three separate areas of each 
sample shall be measured. Observation 
shall be from the direction in which the 
sample appears brightest (this is usually the 
perpendicular direction). 

2. Opacity.—When specified “for black- 
out purposes,” the diffuse luminous trans- 
mission of a single layer of the shade cloth 
of any type shall average no more than 0.001 
of 1 per cent; no area of the shade cloth 
shall transmit more than 0.003 of 1 per cent; 
and the material shall have no large pin 
holes or streaks which transmit an appre- 
ciable amount of light. 
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Sectional Committee L14 on Fastness 
of Colored Textiles was organized in 
April, 1941, under the procedure of the 
American Standards Association with 
the American Association of Textile 
Chemists and Colorists and the American 
Society for Testing Materials as co- 
sponsors. The scope of the committee 
is as follows: 


Scope.—Correlation of standards covering 
test methods for the fastness of colored textiles 
to color-destroying agencies and the evaluation 
and interpretation of data obtained from such 
tests—the work to be based upon standards 
developed by cooperating organizations. 


The personnel of the committee was 
approved by the ASA on May 21, 1942, 
and includes representatives from the 
following organizations: 


American Association of Textile Chemists 
and Colorists, 

American Association of Textile Tech- 
nologists, 

American Association of University Wo- 
men, 

American Council of Commercial Labora- 
tories, 

American Home Economics Assn., 

American Institute of Laundering, 

American Society for Testing Materials, 

Cotton-Textile Institute, 

Limited Price Variety Stores Assn., 

Mail Order Group, 

National Assn. of Dyers and Cleaners, 

National Assn. of Finishers of Textile 
Fabrics, 

National Assn. of Wool Manufacturers, 

National Bureau of Standards, 

National Federation of Textiles, Inc., 

National Retail Dry Goods Assn., 

Synthetic Organic Chemical Manufacturers 


REPORT OF SECTIONAL COMMITTEE 


ON 
ASA Project: L14 


Textile Fabrics Assn., 


U. S. Department of 
Office of Price Administration (liaison). 


Meetings of the committee were held _ 
in New York, N. Y., on July 9, 1941, 
February 17, 1942, and on March 14, 


1942. Several meetings of each of the # 


two subcommittees have been held. we 

The subcommittee interested in the _ 
correlation of standard test methods ha 
prepared for consideration as an Ameri- 
can standard a Method of Test for 
Colorfastness to Commercial Laundering 
and to Domestic Washing of Cotton and 
Linen Textiles.' This work was done 
under the chairmanship of W. D. Appel 
and is a correlation of the test methods 
described in the A.A.T.C.C. Year Book,? 
in A.S.T.M. Standard Method D 435 - 
41, and in the Commercial Standard for 
Woven Textile Fabrics, Testing and 
Reporting (CS59-41). Similar efforts at 
correlation are being made for the other 
test methods for determining thecolor- 
fastness of fabrics. 

The subcommittee on terminology to 
describe fastness of colored fabrics to 
color-destroying agencies was expedited 
by a request, dated February 7, 1942, 
from the Office of Price Administration, 
to develop a system of terminology to 
assist the Federal Trade Commission. 
Recommendations made by this sub- 
committee were acted upon by Sectional 


1 See report of Committee D-13 on Textile Materials, 


p. 430 
2 Fastness Tests for Dyed or Printed Cotton, 1941 Year 
Textile Chemists and Colorists, Vol. 


3 Stondard Method of Test for Fastness of Dyed or 

Printed Cotton Textiles to Laundering or Domestic Wash- 

ing (D 435 - 41), 1941 — to Book of A.S.T.M. 
Standards, Part III, p. a 
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a REPORT OF SECTIONAL COMMITTEE 

Committee L14 at its meetings in Febru- would be the basis for the final American 
ary and March and were then trans- standard for the description of color- 
mitted to the O.P.A. and the F.T.C. fastness of colored fabrics. 

on April 7, 1942. These recommenda- 

tions have not yet been submitted to Respectfully submitted on behalf of 
letter ballot of the sectional committee the sectional committee, 


inasmuch as they were intended to be of Jutes LABARTHE, JR. 

assistance to the F.T.C. at its hearing in ie Chairman. 

New York on April 10, 1942, and the B.A. RYBERG, 

terminology adopted by the Commission 
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A meeting of Coinintes D-17 on 
Naval Stores was held jointly with 
Subcommittee XII on Turpentine, of 
Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products, on 
June 25, 1941, during the annual meet- 
ing of the Society in Chicago, IIl., at 
which time the work of the committee 
was discussed. Another meeting of the 
committee was held at Atlantic City, 
N. J., on June 23, 1942, during the 1942 
Annual Meeting of the Society. The fol- 
lowing report covers the activities of the 
committee and its subcommittees at both 
meetings. 


ADOPTION OF TENTATIVE STANDARDS AS 
STANDARD 


The committee recommends that the 
Tentative Methods of Test for Saponi- 
fication Number of Rosin (D 464- 
37 T)' and for Acid Number of Rosin 
(D 465 — 37 T)' be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard with the inclusion 
of a limiting statement that these meth- 
ods are not recommended for rosins of 
colors darker than grade G as indicated 
below: 

Section 1.—Add the following as a note 
at the end of the section on Scope: 


Note.—Due to difficulty in observing the end 
point in the titration, because of the dark color 
of the solution, this method using an internal 


11939 Book of A.S.T.M. Standards, Part II, pp 1145, 
1144; Part ITI, pp. 1094, 1093. 


bus. 


REPORT OF COMMITTEE D-17 


ndicator is not recommended for use with 
rosins of grades darker than G, that is, of grades 
D, E, F, and FF. 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 20 members, 17 mem- 
bers returned their ballots, of whom 16 
voted affirmatively, 0 negatively, and 1 
member marked his ballot “not voting.” 

Work will be continued in order to 
obtain reliable methods for determining 
the acid and saponification numbers of 
the darker grades of rosin in which the 
end points of titration are difficult to dis- 
tinguish. Electrometric titration meth- 
ods will also be considered. 

The activities of Subcommittee I on 
the Softening Point of Rosin (C. E. 
Kinney, chairman) and Subcommittee 
IV on Acid and Saponification Numbers 
and Unsaponifiable Matter (C. C. Zeig- 
ler, chairman) are covered in the ap- 
pended reports. 

The committee, as a result of the work 
of Subcommittee I, reported to Commit- 
tee E-1 on Methods of Testing that the 
tapered ring and the shouldered ring as 
used in the Tentative Method of Test for 
Softening Point (Ball and Tapered Ring 
Apparatus) (E 28-39T) can be con- 
sidered interchangeable so far as rosin 
and similar resins are concerned.” In its 
report the committee also recommended 
to Committee E-1 that the use of a stir- 
ring device in the heating medium be 


uit 


ang 
| 
| 
of | | 
; 
rit 
i 
| 
: 
||| 
| 
| 
|| 
| 
| 
| 
||| 


required to ensure uniform heating, and 
that for samples softening around 80 C. 
_ (where either water or glycerine may 
have been used), the results of tests of 
softening point should carry a notation 
_ showing the nature of the bath fluid. 

Since all members of this committee 
undoubtedly are now working under an 
unusual pressure due to the war pro- 
gram, each member was requested to 
- give careful consideration to the work 
of all the subcommittees with the view 
_ of making recommendations as to which 
activities should be continued and which 
may be temporarily suspended. 

A complete reorganization has been 
made in the set-up of subcommittees of 
Committee D-17. The new arrange- 
ment is indicated below: 


Subcommittee I on Softening Point of Rosin 
Subcommittee II on Crystallization of Rosin 
Subcommittee III on Volatile Oils in Rosin 
Subcommittee IV on Acid and Saponification 
Numbers and Unsaponifiable Matter 
Subcommittee V on Specifications for and 
Analysis of Tall Oil (Liquid Rosin) 
Subcommittee VI on Specifications for and 
Testing of Pine Tar and Tar Oil 
Subcommittee VII on Terpenes Other than 
Turpentine 


The Tentative Methods of Sampling 
and Grading Rosin (D 509-38 T) are 

being continued as tentative. Consid- 
eration is being given to the frequency of 
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sampling rosin for grading where the 
rosin is produced by a continuous distil- 
lation process, since the recognized 
methods of sampling are all based on the 
batch production method. 

The Standard Method of Test for 
Toluene Insoluble Solid Matter in Rosin 
(Chiefly Sand, Chips, Dirt, and Bark) 
(D 269 — 30) was reviewed in 1939 which 
resulted in several editorial improve- 
ments being incorporated in the method. 
No further changes are contemplated at 
this time. 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 


Chairman, V.E.Grotlisch, 
Vice-Chairman, E. V. Romaine. 
Secretary, W. A. Kirklin. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 20 members; 20 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
F. P. VeEItTcH, 
Chairman. 
Secretary, hon 
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Subcommittee I on Softening Point of 
Rosin has completed collaborative 
softening point tests on referee samples 
of rosins and resins with tapered and 
shouldered rings. The object of the 
tests was to determine the general ap- 
plicability of the shouldered ring to the 
ring and ball method of test for softening 
point of rosins and resins and to deter- 
mine its interchangeability, as rede- 
signed, with the tapered ring specified 
in the Tentative Method of Test for 
Softening Point (Ball and Tapered Ring 
Apparatus) (E 28 — 39 T).! 

The dimensions of the original 
shouldered ring, which was made the 
subject of collaborative tests on rosins 
and resins in 1939,? and the redesigned 
shouldered ring which was used in these 
collaborative tests are: 


Rede 
Shouldered | Shoul 
1941-42 
Tests 
Depth: 
% in. %, in. 
Inside bottom............... in. in. 
Outside bottom.............. in. 5% in. 
Diameter: 
Inside top 254 in. in. 
Inside bottom............... in. 5% in. 
Outside bottom.............. % in. % in. 
Inside angle of shoulder. ...... not rounded | rounded 


Tentative Method E28-—39T was 
followed in the 1941-42 tests except that 


1 1939 Book of A.S.T.M. Standards, Part II, p. 1169, 
and Part III, p. 
2 Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 420 
1940). 


REPORT OF SUBCOMMITTEE I ON SOFTENING POINT OF ROSIN | 


stirring of the bath and heating of the 
bath with a hot plate were specified. 
However, some collaborators found it 
necessary to use a gas burner due to the 
failure of available hot plates with suf- 
ficient heating capacity to increase the 
temperature of the bath at the prescribed 
rate. A glycerol bath was used by all 
collaborators for the two samples with 
softening points above 80 C. 

Table I contains individual determina- 
tions with average and maximum devia- 
tion figures for each collaboratoring 
laboratory and also a summary of these 
data which indicates the greatest prob- 
able deviation between the results ob- 
tained by the tapered and shouldered 
rings among individual laboratories. 
There is also included in Table I a 
summary giving the average of all in- 
dividual laboratory averages, the maxi- 
mum deviation from this average of 
averages, and the probable agreement of 
results which can be obtained with the 
two rings as calculated from the average 
values. 

The results of the collaborative tests 
indicate that the shouldered ring can be 
used interchangea..y with the present 
tapered ring. Other factors apparently 
exert a much greater effect on the 
softening point than the differences in 
ring design. 


Respectfully submitted on behalf of 
the subcommittee, 
C. E. Kinney, 
Chairman. 
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TABLE I,—RESULTS OF SOFTENING POIN 


T DETERMINATIONS ON REFEREE SAMP 


BY COLLABORATING LABORATORIES. 


Wood Rosin | Wood Rosin | Wood Rosin Gum Rosin Resin 
= ate | | 77) = | 
_* W. H. Garpner, Potyrecunic Inst. oF BRooKtyn. 
76.30 135.90) 136.90} 70.70) 71.90 75.90) 144.20) 144.90 Individu 
be Individual determina- 76.40 136.10) 137.40; 70.80) 71.60 75.30) 144.00) 144.50 tions 
a tions 76.60 136.30) 137.00} 70.80) 71.80 75.80) 144.60) 144.30 
» 76.20 136.00) 137.00) 71.00) 71.40 75.40) 143.60) 144.80 
76.40 136.10) 137.10) 70.80) 71.70 75.60| 144.10) 144.60 Average. 
_* = Max. deviation ; 0.40 0.40 50| 0.30 -50 0.60) 1. 0.60 Max. dev 
‘Max. deviation from +0.20 +0.20) +0.30) +0.20) +0.20 +0.30) +0.50 .30 Max. de 
‘4 average | —0.20 —0.20} —0.20| —0.10) —0.30 —0.30} —0.50) —0.30 averag 
Average deviation of Average 
shouldered from ta- should 
pered..... .00 +1.00 +0.90 +0.50 pered . 
v=: a Joun McE. SANDERSON, AMERICAN CYANAMID AND CHEMICAL CorP. 
74.20 136.00) 136.50; 71.40) 71.40 143.50) 142.50 
Individual determina- 74.40 136.50} 136.00) 71.60) 71.20 143.00] 143.00 
74.20 136.50} 137.00, 71.40| 71.40 144.50] 145.00 Individu: 
f 74.20 136.00) 136.50) 71.40) 71.40 145.00) 145.00 tions 
Average 74.30 136.30) 134.50) 71.50) 71.40 144.00) 143.90 
Max. deviation 0.20 0.50} 1.00) 0.20) 0.20 2.00} 2.50 Average 
Max. deviation from +0.10 +0.20) +0.50) +0.10) +0.00 +1.00) +1.10 Max. dev 
—0.10 —0.30| —0.50) —0.10} —0.20) —1.00) —1.40 Max. de 
Average deviation of average 
shouldered from ta- Average 
.30 +0.20 —0.10 —0.10 shoulde 
pered_ 
SPEH NavaL Stores Researca Div. Bureau or AGRICULTURAL 


ENGINEERING, U. S. Dept. oF AGRICULTURE 


pered. 


shouldered from ta- 


Individual determina- 75.00 139.00 139.75) 74.25) 74.00 144.00} 144.50 
GD: 74.75 139.25, 140.00) 74.00) 74.25 144.00) 144.50 
| 75.00 139.75) 140.25) 74.00) 74.00 143.50) 144.00 
74.90 139.30, 140.00) 74.10) 74.10 143.80) 144.30 
Max. deviation 0.25 0.25) 0.50) 0.25) 0.25 0.50} 0.50 
Max. deviation from +0.10 +0.45) +0.25) +0.15) +0.15 +0.20| +0.20 
average —0.15 —0.30 —0.25| —0.10) —0.10 —0.30) —0.30 
Average deviation 
shouldered from 
pered 0.00 —0.70 0-00 +0.50 
(D. Mowat) Pine 
( 74.00 136.00) 137.50) 71.30) 71.20 142.50! 143.50 
Individual determjna- | 74.20 136.00) 137.50) 71.40) 71.40 142.50) 143.40 
74.00 136.70) 137.70) 71.30) 71.20 142.00) 143.00 
74.20 136.30) 137.30) 71.30) 71.40 142.50) 143.20 
Average 74.10 136.30) 137.50) 71.30) 71.30 142.40, 143.30 
Max. deviation.......... 0.20 0.70) 0.40) 0.10) 0.20 0.50, 0.50 
Max. deviation from | +0.10 +0.40) +0.20) +0.10) +0.10 +0.10, +0.20 
average —0.10 —0.30| —0.20) —0.00) —0.10 —0.40, —0.30 
Average deviation of 
shouldered from ta- 
pered an -20 +1.20 0.00 +0.90 
H. R. Woerner (H. W. SHaper), Armstronc Cork Co. 
72.40| 73.40 71.40) 70.40 
Individual determina- || 72.80) 73.50 72.00, 71.00 
tions 73.40| 72.60 72.10} 70.50 
| 73.60) 72.90 72.30} 71.20 
Average | 73.00) 73.10 72.00} 70.80 
Max. deviation.......... 1.20; 0.90 0.90} 0.80 
Max. deviation from {| +0.60) +0.40 +0.30) +0.40 
average —0.60} —0.50 —0.60| —0.40 
Average deviation of 
—2.30 


Individua 
tions. . 


Average. 
Max. dev 
Max. de 
average 
Average 
shoulde 
pered. . 


Individua 
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da 
Wood Rosin | Wood Rosin | Wood Rosin | Gum Rosin Gum Rosin | Resin aes 
om om om | om | om 
Dr. R. J. Sopatzk1 (PFLAUMER AND SCHREIBER) PropucTs AND CHEMICAL Co. 
76.00| 76.00; 73.00 73.00 138.50 138.50 72.50 72.00 77.00 77.00| 145.50 146.00 
Individual determina- 76.00; 76.00! 73.50 74.00) 138.50, 139.00 72.00 72.50 76.50) 77.00, 145.50) 145.50 
76.50, 77.00 73.00 73.00 138.50, 138.50, 73.00, 73.00, 77.00) 77.00) 145.00, 146.00 
76.50; 76.00 73.00, 73.00) 138.50) 138.50) 73.00) 73.50 77.00) 77.00) 145.50) 145.50 
73.00, 73.00, .... | .... | 
76.30 76.30! 73.10! 73.30| 138.50! 138.60, 72.70! 72.80! 76.90) 77.00) 145.40 145.80 
Max. deviation ook 0.50 1.00 0.50 1.00, 0.00 0.50 1.00 1. 0.50) 0.00) 0.50 0.50 
Max. deviation from +0.20, +0.70 +0.40 +0.70 +0.00, +0.40 0.30, +0.70, +0.10) +0.00) +0.10 +0.20 
average... —0.30, —0.30, —0.10 —0.30 —0.00| —0.10 —0.70 —0.80 —0.40 —0.00) —0.40 —0.30 
Average deviation of | | 
shouldered from ta- 
0.00 | +0.20 +0.10 +0.10 +0.10 +0.10 
V. E. Grotiiscnu, NavaL Stores SEcTION, AGRICULTURAL MARKETING ADMINISTRATION, 
U. S. Dept. or AGRICULTURE 
75.75! 76.00 72.50! 72.00. 140.50! 139.50! 71.50! 71.00! 75.50! 75.00! 141.50! 141.50 
Individual determina- 75.75, 76.00, 72.50 72.00) 140.50) 140.00, 71.50 71.00 75.50) 75.00) 141.50) 142.00 
tions steaes 75.50, 76.00, 72.50 72.00 140.00 140.00) 71.50 72.00, 75.00) 75.00 143.00) 141.50 
75.50; 76.00 72.50 72.00) 139.50) 141.00 71.50, 71.50 75.00) 75.00, 143.00) 141.50 
75.60, 76.00 72.50 72.00! 140.10 140.10! 71.50) 71.40! 75.30] 75.00) 142.30] 141.60 
Max. deviation.......... 0.25 0.00 0.00 0.00 1.00, 1.50 0.00 1.00 0.50 0.00 1.50 0.50 
Max. deviation from {| +0.15 +0.00, +0.00 +0.00 +0.40 +0.90 +0.00 +0.60 +0.20) +0.00) +0.70| +0.40 
average . —0.10, —0.00 —0.00 —0.00, —0.60) —0.60 —0.00, —0.40, —0.30, —0.00, —0.80, —0.10 
Average deviation of | | | 
shouldered from ta- | ' 
+0.40 —0.50 0.00 —0.10 —0.30 —0.70 
I. E. Knapp, Crospy Stores, Inc. 
75.20| 75.20! 72.90! 73.00| 139.50| 140.10| 73.60! 73.50| 77.20! 77.40] 135.80! 137.20 
Individual determina- 75.30, 75.20, 72.90 73.00) 140.20, 140.20, 74.00 74.00) 77.30) 77.50) 136.10) 137.50 
75.10, 75.10 72.90 73.00, 140.00) 140.00| 73.60 73.60| 77.00) 77.20) 138.30) 139.00 
| 75.10) 75.20, 73.10 73.10, 140.10) 140.80) 73.70 73.80, 77.20) 77.30 138.50 138.80 
Average | 75.20; 75.20, 73.00, 73.00) 140.00 140.30) 73.70 73.70 77.20, 77.40| 137.20 138.10 
ioe desticion | 0.20 0.10 0.20 0.10 0.70 0.80 0.40 0.50 0.30 0.30 2.70 1.80 
Max. deviation from {| +0.10, +0.00| +0.10 ).10' +0.20, +0.50 +0.30) +0.30 +0.10 +0.10 +1.30° +0.90 
average... 0.10; —0.10 —0.10 —0.00) —0.50| —0.30 —0.10 —0.20 —0.20| —0.20 —1.40, —0.90 
Average deviation of | 
shouldered fro ta- 
pered...... , P 0.00 0.00 +0.30 0.00 +0.20 +0.90 
W. A. Hercutes Powper Co. 
74.70| 74.80, 73.20| 74.00| 135.50| 138.50, 72.70| 73.00, 78.00] 78.00| 143.20| 144.40 
Individual determina- 74.70, 75.20 73.60 74.40 135.80 138.80) 73.00) 73.50) 78.50) 78.80) 141.50) 145.00 
74.50, 75.40, 73.70 74.20, 138.00, 138.00) 75.00) 75.30) 79.00 79.50\ 143.50) 141.90 
74.80, 75.90, 74.00 74.90) 138.90, 139.00) 75.50) 75.50) 79.50) 80.10) 144.00) 143.10 
74.70, 75.30| 73.60! 74.40! 137.10 138.60, 74.10| 74.30| 78.80 79.10] 143.00, 143.60 
Max. jation.......... 0.30) 1.10 0.80 0.90 3.50 1.00 2.80 2.50 1.50 2.10 2.50 3.10 
Max. deviation from {| +0.10| +0.60) +0.40, +0.50 +1.90 +0.40| +1.40) +1.20) +0.70) 41.00) +1.00 +1.40 
average.... —0.20 —0.30 —0.40 —0.40 —1.60 —0.60) —1.40) —1.30| —0.80) —1.10) —1.50| —1.70 
Average deviation of | 
shouldered from ta- 
+0.60 +0.80 +1.50 +0.30 +0.30 +0.60 
Summary oF InpIvipuAL LABORATORY DETERMINATIONS 


Max. deviation obtained | 


by one laboratory 
Max. deviation from { 
average obtained by 
any one laboratory... 
Max. deviation of 
shouldered from ta- 
pered obtained by 
any one laboratory... 


| 


{ 
| | 
.50 
30 
.80 
60 
60 
1.30 
). 30 
i] 
| 
) 
L 
44.50 | 
44.50 
44.00 | 
44.30 
0.50 
20 if 
—0.30 
0 | 
143.50 
143.40 
143.00 | | 
143.20 
143.30 Vie 
0.50 
+0.20 
—0.30 
| 
1.20, 1.20 0.80 1.00, 3.50 1.50, 2.80 2.50 1.50/ 2.10 2.70 3.10 
| 40.60, +0.70, +0.40 +0.70 +1.90 +0.90, +1.40 +1.20, +0.70) +1.00) +1.30) +1.40 
—0.60, —0.50 —0.40 —0.30 —1.60 —0.60| —1.40 —1.30 —0.80) —1.10| —1.40 —1.70 
+0.60 +0.80 | +1.50 +0.90 +0.90 
~0.20 -1.70 | 0.00 —1.20 —2:30 —0.70 


= 
n 
Summary OF AVERAGE Ficures, ALL LABORATORIES 


Average of all individual | | 
boratory averages...| 74.83) 75.07) 72.60, 72.55) 137.96) 138.59) 72.29) 72.38) 
Max. deviation from [{ 
average of all individ- {| +1.83) +0.97) +1.00) 4+1.85) +2.14. +1.71) +1.81 +1.91) +2.10 
ual laboratory aver- —1.47| —2.06) —1.10' —1.85, —1.86 —2.09) —1.79| —1.59| —2.00 
ages... 
Average deviation of 
shouldered from ta- 
pered ring by all la 
oratories ...... ink +0.24 —0.05 +0.63 +0.09 —0.07 +0.34 
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76.63) 142.81, 143.15 


+2.47| +2.89 +2.65 
—1.63} —5.61) —5.05 
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REPORT OF SUBCOMMITTEE IV 


NUMBERS AND UNSAPONIFIABLE MATTER 


The current year has not seen a great 
deal of progress in this subcommittee 
but it has not been entirely inactive. 
In the past, at various times, samples of 
rosin have been sent to members for 
collaborative tests. This necessarily 
takes a considerable amount of work in 
preparing samples and compiling results 


and also disturbs the normal operations == 
in laboratories of the committee mem- 
For that reason the chairman has © 


bers. 
had some special investigative work 
done in the Chicago research laboratories 
of Swift and Co. in order that something 
more definite may be offered to the 
committee before asking for collaborative 
work. 

A year or so ago it was proposed to 
use electrometric titration for determin- 
ing the saponification number of dark 
products that screened the color when 
using an internal indicator. It was 
finally determined, however, that it 
would be necessary to give up the idea of 
electrometric titration because, for rea- 
sons not definitely determined, the 
electrometric titration did not give 
uniform results when compared with 
the titration from the internal indicator 
on different grades of rosin of sufficiently 
light color to permit the use of an 
internal indicator. 

While a great amount of work was 
done trying to develop a method whereby 
the electrometric titration would be 
reliable, it was not found possible to 
devise any technique that would pro- 
duce reliable results. Some results ob- 
tained by electrometric titration are 
shown in Table I, not as a recommenda- 


ber 


ON ACID AND SAPONIFICATION 


tion for the method but to make the 
information available. 

Previously, external indicators were 
tried without a great deal of success but 
now a technique has been found that 
will yield reliable results when using an 
external indicator. While the technique 
is not new it is not as common as the use 


TESTS ON SAPONIFICATION NUMBER 
_ OF ROSIN. 


Result of 
Results of Swift | Naval Stores 
| Research 
| Division 
Rosins Analyzed | 
2 
| gs | | 25 
WW Slash pine rosin. 171 | 175 
WW Slash pine rosin | aul 
containing some 
aluminum ros- 
inate 174 | 173 178 177 : 
M Slash pine rosin | 
containing some 
iron rosinate. 173 174 184 174 
D Slash pine rosin 
containing more 
iron rosinate..... 173 | 176 | 177 | 177 | 
Oxidized slash | 
pine rosin......| 204 | 204 | 242 | 217 | 211 to 
216 
X Wood rosin.. 171 173 190 174 175 
K Wood rosin 181 183 185 179 180 
B Wood rosin.....| 161 161 177 | 153 to 
| 15 
WHS 173* | 173 | 202 | 173*| 172 to 
177 
* Color of solution made determination of end point 
difficult. Operator was not sure of end point. 


of a spot plate. The technique amounts 
simply to saturating a filter paper with 
standard phenolphthalein indicator, then 
during the titration as the end point is 
approached a streak of the solution is 
placed on the sensitized filter paper by 
means of the stirring rod. Table I 


TABLE RESULTS OF COLLABORATIVE = 
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shows the results obtained by two col- 


laborating laboratories using the external 
_ indicator as indicated above along with 
internal indicator and_ electrometric 
titration. 
_ A further examination of the data 
ors presented in Table I shows favorable 
agreement between the results from the 
“ad two collaborating laboratories on most 
determinations with the exception of the 
ct electrometric titration. It should be 


stated, however, that even though the 
internal indicator in most cases checked 
the external indicator there was nothing 
certain about the end point. There was 
considerable uncertainty in detecting 
the end point with the internal indicator, 
but there was no difficulty in detecting 
the end point with the external indicator. 
The external indicator is not recom- 
mended for light-colored rosins but it is 
recommended for the dark-colored rosins. 

With these two collaborating labora- 
tories showing checking results on dark 
rosin by the use of the external indicator, 
there are now in preparation four sam- 
ples of rosin er ing from a light 1 toa 
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dark color including a sample of Vinsol 
resin, and it is proposed to send these 
samples to all members of the commitee 
for determination of both the saponifica- 
tion and acid numbers. It is not ex- 
pected that these results will be available 
for the annual meeting but they will be 
reported as soon as the tests are com- 
pleted and the data are tabulated. 

The subcommittee has not attempted 
to make any progress on the determina- 
tion of unsaponifiable matter in rosins, 
since there is some question as to whether 
this determination is essential or neces- 
sary. It is possible that some of the 
members of the committee may know of 
very excellent reasons for having an 
unsaponifiable method and if so, the 
subcommittee would appreciate having 
some information on the importance of 
the unsaponifiable determination in 
rosin. 


Respectfully submitted on behalf of 
the } 

C. C. ZEIGLER, 

Chairman. 
apes 


neeri 
durir 
on Ji 
on 
schec 
land 
of th 
Nati 

As 
comr 
Purp 
annu 
plans 
2 me 
bers 
effor 


toria 
recern 
edito 
Com 


(1941). 

2 In 
E-10 o: 
of the 
ship of 
voted ¢ 
their b: 


, 
448 
fi 
meth 
shou! 
and 
whic 
an a] 
mitte 
a 
> 


an. 


sig 


Committee D-18 on Soils for Engi- 
neering Purposes has held two meetings 
during the past year: in Chicago, IIl., 
on June 27, 1941, and in Baltimore, Md., 
on December 2, 1941. The meeting 
scheduled for March 3, 1942, in Cleve- 
land was cancelled due to other activities 
of the membership, as the result of the 
National Emergency. 

As stated in the 1941 report of the 
committee, plans were made for a Sym- 
posium on Tests of Soils for Engineering 
Purposes to be presented at the 1942 
annual meeting of the Society. These 
plans were considered at the December 
2 meeting. The consensus of the mem- 
bers present was that due to the war 
effort and to the fact that more study 
was deemed necessary on some of the 
methods being proposed, this symposium 
should be placed in the hands of a special 
committee under the chairmanship of 
F. C. Lang to handle the details. 

The Proposed Definitions of Terms 
and Symbols Relating to Soil Mechanics! 
which were published as information as 
an appendix to the 1941 report of Com- 
mittee D-18 were reviewed by the com- 
mittee during the year and a few edi- 
torial changes made. Committee D-18 
recently presented these definitions, as 
editorially revised, to the Society through 
Committee E-10 on Standards for pub- 


Am. Soc. Testing Mats., Vol. 41, p. 460 
941). 


2In submitting this recommendation to Committee 
E-10 on Standards, Committee D-18 reported the results 
of the letter ballot vote as follows: Of a voting member- 
ship of 78, 46 members returned their ballots, of whom 38 
voted affirmatively, 0 negatively, and 8 members marked 
their ballots ‘‘not voting.” 


% 


SOILS FOR ENGINEERING PURPOSES 


f 
lication as tentative. This recommen- 
dation was accepted? by Committee 
E-10 on May 20, 1942, and the new ten- 
tative definitions have been published in 
separate pamphlet form under the desig- 
nation D 653 — 42 T and will appear in 
the 1942 Book of A.S.T.M. Standards, 
Part II. 

Subcommittee IV on Methods of 
Testing the Physical Characteristics of 
Soils (Paul Rapp, chairman) submitted 
to the committee a proposed Method of 
Test for Moisture-Density Relations of 
Soils.* This proposed method has been 
submitted to letter ballot of the com- 
mittee which consists of 78 members; 
63 members returned their ballots, of 
whom 53 have voted affirmatively, 6 
negatively, and 4 members marked their 
ballots “‘not voting.”’ 

However, at the last annual meeting, 
this method was submitted to Com- 
mittee D-4 on Road and Paving Mate- 
rials for concurring action. Committee 
D-4 has not as yet acted on this method 
so that it is not ready for presentation at 
the annual meeting.’ 

Several subcommittees are studying 
tests with the expectation that reports on 
them will be ready for submittal to the 
Society at the 1942 annual meeting. 

The committee has under considera- 
tion a proposed addition to Section 14 of 
the Standard Method of Mechanical 
Analysis of Soils (D 422 — 39) and 
a revision of the Tentative Methods 
of Surveying and or Soils for 
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4 Highway Subgrades (D 420-407). 

These recommendations will be pre- 
sented to the Society later in the year 
through Committee E-10 on Standards.* 

No modifications with respect to the 
Tentative Methods of Test for Moisture- 
Density Relations of Soil-Cement Mix- 
tures (D 558—40T), for Wetting-and- 
Drying Test of Compacted Soil-Cement 
Mixtures (D 559 — 40 T) or for Freezing- 
and-Thawing Test of Compacted Soil- 
Cement Mixtures (D560-—40T) are 
contemplated at this time. The com- 
mittee accordingly recommends that 
these three methods be continued as 
tentative without revision. 


The election of officers for the ensuing 


Revort | OF CoMMITTEE D-18 


4. 
j 


term of two years resulted in the selec- 
tion of the following: 


Chairman, C. A. Hogentogler. 
Vice-Chairman, E. J. Kilcawley. 
Secretary, Wesley R. Nelson. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 78 members; 53 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
C. A. HOGENTOGLER, 
Chairman. 


WEsLEY R. NELSON, 


Secretary. 


+ 
Wha 


Revision of Tentative Methods of: 


and 


Tentative Revision of Standard Method of: 
Mechanical Analysis of Soils (D 422 — 39). 


| 


EDITORIAL NOTE 


Subsequent to the annual meeting, Committee D-18 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Surveying and Sampling Soils for Highway Subgrades (D 420-40 T), 


These recommendations were accepted by Committee E-10 on August 24, 
1942, and the revised methods and the tentative revision appear in the 1942 
Ys Book of A.S.T.M. Standards, Part II, pp. 1260 and 1444. 
_- The proposed Method of Test for Moisture-Density Relations of Soils, sub- 
mitted jointly by Committees D-4 and D-18, were accepted by Committee E-10 
on September 17, 1942, for publication as tentative. This new tentative method 
was assigned the designation D 698 “42 T: lr and appears in the 1942 B Book of A. Ss. 
T.M. Standards, Part II, p. 1280. 
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Committee D-19 on Water for Indus- 
trial Uses and its subcommittees held 
meetings at Chicago, Ill., on June 25 and 
26, 1941. No additional meetings were 
held by any of the subcommittees during 
the year. 

The committee sponsored a session on 
water at the 1941 annual meeting in the 
form of a Symposium on Problems and 
Practice in Determining Steam Purity 
by Conductivity Methods, in which six 
papers! were presented and discussed. 
The committee is sponsoring a water 
session at this annual meeting of the 
Society, in the form of a Round-Table 
Discussion on The Solvent Action of 
Water Vapor at High Temperatures and 
Pressures. The topic will be introduced 
by George W. Morey, Geophysical Lab- 
oratory, Carnegie Institute of Washing- 
ton, Washington, D. C. 

The Society was represented by Max 
Hecht at a meeting held December 3, 
1941, of the Subcommittee on Care of 
Steam Boilers in Service, of the Boiler 
Code Committee of the American So- 
ciety of Mechanical Engineers. Plans 
were furthered by the organized section 
for the revision of the paragraphs on 
water chemistry that now appear in the 
A.S.M.E. Boiler Construction Code, 
1940 Edition, especially in Section VII, 
on Suggested Rules for Care of Power 
Boilers. 


The Society was represented by Max 
Hecht and S. F. Whirl, the latter repre- 
senting F. N. Speller, at the meeting of 


1 Proceedings, Am. Soc. Testing Mats., Vol. 41, pp. 
1261, 1264, 1277, 1285, 1302, 1314, and 1326 (i941). 
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REPORT OF COMMITTEE D-19 
ON 
WATER FOR INDUSTRIAL USES 


1941, in New York, N. Y. 

Committee D-19 has recommended to 
the Society that the A.S.T.M. Standard 
Method of Reporting Results of Anal- 
ysis of Industrial Waters (D 596-41) 
be referred to the American Standards 
Association for approval as American 
standard. The officers of the com- 
mittee have received a number of favor- 
able comments concerning the use of this 
improved method of reporting from 
several of the national societies and 
other organizations. 


ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative methods be ap- 
proved, without change, for reference 
to letter ballot of the Society for adop- 
tion as standard: 


Tentative Methods for:* 


Determination of the Calcium Ion and Magne- 
sium Ion in Industrial Waters (D 511 —- 40 T), 

Determination of the Chloride Ion in Industrial 
Waters (D 512-40T), and 

Determination of the Sulfate Ion in Industrial 
Waters (D 516 - 40 T). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 65 members; 53 members returned 
their ballots, of whom 51 have voted 


21940 Supplement to Book of A.S.T.M. Standards, 
Part III, pp. 529, 533, 539. 


Water Studies, held on December 
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affirmatively, 0 negatively, and 2 mem’ 
bers marked their ballots “not voting.’ 


ai ACTIVITIES OF SUBCOMMITTEES 


II, Editorial (E. P. 
Partridge, chairman).—This subcom- 
mittee did not meet during the year but 
the chairman assisted in the review of 
the papers presented at the 1941 water 
session. 

Subcommittee ITT on Methods of Sam- 
pling (D. K. French, chairman).—A 
meeting of this subcommittee was held 
on June 25, 1941, in Chicago, Ill. The 
subcommittee chairman has studied the 
replies received from the members con- 
cerning their individual methods for 
collection of samples of water and con- 
densed steam from boilers and other 
equipment. These replies show a wide 
diversity of individual methods. Never- 
theless, new inquiries have been circu- 
lated, and from the replies, it is intended 
to formulate methods of sampling of 
water and condensed steam from equip- 
ment. These replies will be reviewed at 
the 1942 meeting of the subcommittee. 

Subcommittee IV on Methods of Anal- 
ysis (H. C. Miller, chairman).—A meet- 
ing of this subcommittee was held on 
June 25, 1941, in Chicago, Ill. The 
chairman has prepared drafts of pro- 
posed methods of analysis of certain 
substances in water, and the form and 
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substance will be discussed at the 1942 
meeting of the subcommittee. Should 
the content of the various methods be 
favorably accepted, the subcommittee 
proposes to have the material published 
as information. 

Subcommittee V on Classification (R. 
C. Adams, chairman).—A meeting of 
this subcommittee was held on June 25, 
1941, in Chicago, Ill. The preliminary 
plans for the classification of water in- 
tended for industrial uses, will be dis- 
cussed at the meeting of the subcom- 
mittee during this annual meeting. A 
limited survey of this work has been 
under way, and it is expected as a result 
of this study, that the subcommittee 
will be able to further its plans. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 65 members; 45 members 
returned their ballots, of whom 44 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


Max HEcar, 
Chairman. 
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Since the June, 1941, meeting in Chi- 
cago, Ill., Committee D-20 on Plastics 
and its subcommittees have held two 
meetings: one in New York, N. Y., in 
October, 1941, and one in Philadelphia, 
Pa., in February, 1942. The committee 
expects to hold a further meeting in 
Atlantic City, N. J., during the 1942 
annual meeting. 

The scope of Committee D-20 has been 
broadened to include a Subcommittee VI 
on Specifications. G. M. Kline resigned 
as chairman of Subcommittee V on Per- 
manence Properties and was appointed 
chairman of the new Subcommittee VI 
on Specifications; J. H. Teeple was ap- 
pointed chairman of Subcommittee V. 

Committee D-20 now has 75 voting 
members, representing an increase dur- 
ing the year of 3 voting members. 

Subsequent to the 1941 annual meet- 
ing, Committee D-20 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


New Tentative Methods of: 


Test for Flammability of Plastics Over 0.050 
in. in Thickness (D 635 - 41 T), 

Test for Diffusion of Light by Plastics (D 636 
-41 T), 

Test for Surface Irregularities of Flat Trans- 
parent Plastic Sheet (D 637 - 41 T), 


§ Tension Testing of Plastics (D 638 - 41 T), 


Revision of Tentative Method of: 

Test for Resistance of Plastics to Chemical 
Reagents (D 543 - 39 T), and 

Tentative Revision of Standard Method of: 

Test for Impact Resistance of Electrical Insu- 
lating Materials (D 256-38) in the form of 
new Tentative Methods of Test for Impact 
Resistance of Plastics and Electrical Insu- 


Part III, 
lating Materials @ 256 - 41 T), "Ibid. 292. 
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jointly with Committee D-9 on Electrical 
Insulating Materials. 


These recommendations were ac- 
cepted! by Committee E-10 on August 
25, 1941, and appear in the 1941 Supple- 
ment to Book of A.S.T.M. Standards, 
Part III. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following new proposed methods of test 
and descriptive nomenclature be ac- 
cepted for publication as tentative: 


Test for Repeated Fle.ural Stress (Fatigue) of 
Plastics, 

Test for Mar Resistance of Plastics, 

Recommended Practice for Long-Time Tension 
Tests of Plastics, 

Test for Haze of Transparent Plastics by Photo- 
electric Cell, and 

Classification of Terms and Descriptive Nomen- 
clature of Objects Made from Plastics. 


II. Apoption OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the __ 
following methods of test be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard: 


Tentative Methods of Test for: 


Index of Refraction of Transparent Organic 
Plastics (D 542 — 40 T),° and 
Water Absorption of Plastics (D 570 - 40 T).4 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-20 reported the followin, 
results of the letter ballot vote of 45 and 52 ballots parecer | 
respectively from a committee membership of 70: D 635, 
affirmative 38, negative 2, ballots marked “not voting” 5; 
D 636, affirmative 29, negative 0, ballots marked ‘“‘not 
voting” 16; D 637, affirmative 32, negative 0, ballots 
marked “‘not voting” 13; D 638, affirmative 39, negative 5, 
ballots marked “not voting” 8; D 543, affirmative 46, 
negative 0, ballots marked “not voting” 6; D 256, 
tive 44 negative 2, ballots marked “not voting”’ 6. 

2 These methods and classification were accepted as 
caubalite by the Society and appear in the 1942 Book of 

A.S.T.M. Standards, Part III, pp. 1251, 1263, 1284, 1260, 
oa 1288, respectively. 

3 1940 to Book of A.S.T.M. Standards, 
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The appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 77 voting members, with the results 
shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


pe: al Affirma-| Nega- Marked 


tive tive Not 
Voting”’ 


5 New TENTATIVE STANDARDS | 


Test for Repeated Flexural 
Stress (Fatigue) of Plastics..| 40 
Test for Mar Resistance of 
Plastics... . 40 
Long- Time Tension Tests of 
Plastics ..... 36 
Test for Haze of Transparent 
Plastics by Photoelectric Cell*| 36 
Classification of Terms and 
Descriptive Nomenclature of | 
Objects Made from Plastics. . 


13 
12 


- = 


II. ApoptTion or TENTATIVE 
STANDARDS AS STANDARD 


Test for Index of Refraction of | 
Transparent Organic Plastics | 

(D = T) 32 0 18 
est for Water Absorption o | 
Plastics (D $70 40 T)...... | 43 0 7 


@ The classified vote on the Pro Tentative 
Method of Test for Haze Transparent Plastics by Photo- 
electric Cell was as follows: Afhrmative: 13 producers, 8 
consumers, 15 general interests; Negative: 3 producers, 1 
consumer, 0 genera! interests. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Strength Properties 
(M. H. Bigelow, chairman).—Through 
the efforts of this subcommittee, the 
following methods of test are now avail- 
able: Tentative Method of Tension Test- 
ing of Plastics (D638-41T) and 
Tentative Methods of Test for Impact 
Resistance of Plastics and Electrical 
Insulating Materials (D 256-41 T). 
This subcommittee prepared the pro- 
posed Tentative Method of Test for 


Repeated Flexural Stress (Fatigue) of 


Plastics, referred to elsewhere in this 
report. It has under study tests for 
determining modulus of elasticity, shear, 
compressive strength, flexural strength, 


bearing strength, repeated and _high- 
speed impact strength, and the simplifi- 


cation of the tension test for plastics. 


5 See Editorial Note, p. 455. « 


Subcommittee II on Hardness Proper- Su 
ties (W. H. Gardner, chairman).—This erties 
subcommittee prepared the Tentative} Tent 
Method of Test for Deformation off  fastn 
Plastics Under Load at Elevated Tem-§ 41 T 
peratures (D621-—41T) and has de-§ mitt 
veloped the Method of Test for Marf for V 


Resistance of Plastics as well as the} -40 
Recommended Practice for Long-Time | adop 
Tension Tests of Plastics, being submit-— mitte 


ted as tentative as referred to earlier inf accel 
this report. Work is now under way plast 


on the simplification of a heat distortion J effec. 
test and a study is being made of scratch plast 
resistance, wear resistance of plastic St 
bearings, and machinability of plastics. M 


Subcommittee IIIT on Thermal Proper- 
ties (W. A. Zinzow, chairman).—In ac- labor 
cordance with the recommendations of 


this subcommittee, the Tentative Meth- nai 
ods of Test for Measuring Flow Tem- = 
mas 


peratures of Thermoplastic Molding , 
Materials and for Flammability off the 
Plastics 0.050 in. and Under in Thick- Aero 
ness have been revised and now bear the} S!0n 
designations D 569-41 T and D568-{ subc 
41 T, respectively. Round robin tests 
are now being conducted on thermo- 
setting plastics and a study is being 
made of the changes in plastics on heat- 
ing as well as thermal expansion. 
Subcommittee IV on Optical Properties 
(W. F. Bartoe, chairman).—This sub- 
committee is responsible for the prepara- 
tion of the Tentative Methods of Test 
for Diffusion of Light by Plastics 
(D 636-41 T) and for Surface Irregu- 
larities of Flat Transparent Plastic Sheet 
(D 637-41T). The proposed Tenta- 
tive Method of Test for Haze of 
Transparent Plastics by Photoelectric 
Cell and the Classification of Terms 
and Descriptive Nomenclature of Objects 
Made from Plastics, mentioned earlier in 
this report, were prepared by this 
subcommittee. Studies are being made 
of the optical clarity and associated 
characteristics of plastics. = 


i | | il 
Poa 3 2 
= 
\ 
> 
4 
> 
a 
J 
| 


eing 
1eat- 


or ties 
sub- 


aTa- 


Test 


stics 
egu- 


sheet 
enta- 
> of 
ctric 
erms 
jects 
er in 

this 
made 
iated 


Subcommittee V on Permanence Prop- 
erties (J. H. Teeple, chairman).—The 
Tentative Method of Test for Color- 
fastness of Plastics to Light (D 620- 
41 T) was developed by this subcom- 
mittee and its Tentative Method of Test 
for Water Absorption of Plastics (D 570 
~40T) is now being recommended for 
adoption as standard. The subcom- 
mittee is engaged in work leading to an 
accelerated service weathering test for 
plastics and is actively studying the 
effect of heat, water, and chemicals on 
plastics. 

Subcommittee VI on Specifications (G. 
M. Kline, chairman).—This new sub- 
committee has been quite active in col- 
laboration with the various Government 
agencies requiring specifications. It has 
mostly rendered service to the Quarter- 
master Corps, Ordnance Department of 
the War Department, Navy Bureau of 
Aeronautics, and the Procurement Divi- 
sion of the Treasury Department. The 


fications for the various thermoplastics 
as well as thermosetting materials. It 
is cooperating with Subcommittee II, of 
Committee D-9, on specifications for 
phenolic molding materials. 


At the February meeting in Phila- 
delphia, the following officers were 
unanimously elected for the ensuing 
term of two years: 

Chairman, Robert Burns. 

First Vice-Chairman, H. K. Nason. 

Second Vice-Chairman, Donald Gibb. 

Secretary, L. W. A. Meyer. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 75 members; 50 members re- 
turned their ballots, of whom 36 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf 


the committee, 
W. E. 


W. A. Evans, 


subcommittee expects to formulate speci- Secret alan 
43 pe ecretary. 


ubsequent to the annual meeting, Committee D-20 presented to the e Society 


pa through Committee E-10 on Standards the following recommendations: 

Sahat New Tentative Methods of Test for: 

ates Compressive Strength of Plastics (D 695 — 42 T), 

t® Coefficient of Linear Thermal Expansion of Plastics (D 696 - 42 T), 

abe Water Vapor Permeability of Plastic Sheets (D 697 — 42 T), and - 
Revision of Tentative Methods of: 4 
Tension Testing of Plastics (D 638 - 41 T). 


These recommendations were accepted by Committee E-10 on 


1942, and the new and revised tentative methods appear in the 1942 Book of 
A.S.T.M. Standards, Part III, pp. 1268, 1276,1280,and 1241. 
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ON 
METHODS OF TESTING 


Committee E-1 on Methods of Testing 
held a meeting in Chicago, Ill., on June 
26, 1941, during the annual meeting 
of the Society. A number of the tech- 
nical committees and their sections have 
been active and furthered their work at 
meetings held last June and during the 
A.S.T.M. spring group committee meet- 
ings held in Cleveland, Ohio, the week 
of March 3, 1942. Additional meetings 
of the technical committees and sections 
and of Committee E-1 will be held prior 
to the presentation of this report to the 
Society. 

The Executive Committee of the 
Society appointed three representatives- 
at-large to serve on the Advisory Com- 
mittee, namely, W. H. Fulweiler, Con- 
sulting Chemist, H. F. Moore, University 
of Illinois, and T. S. Fuller, General 
Electric Co., each for a three-year term, 
expiring in 1944. 

Subsequent to the 1941 annual meet- 
ing, Committee E-1 presented to the 
Society through Committee E-10 on 
Standards, the following recommenda- 
tions, which were meyer? by Commit- 
tee E-10 on August 25,1941, and appear 
in the 1941 Supplement to Book of 
A.S.T.M. Standards, Part I: 

Revision of Tentative: 


Methods of Impact Testing of Metallic Ma- 
terials (E 23-40T), and 


Specifications for A.S.T.M. Thermometers 
(E1-40T). 

Tentative Revision of Standard: 

Specifications for A.S.T.M. Thermometers 


(E 1-39). 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee E-1 reported the following 
results of the letter ballot vote of a total of 36 ballots re- 
turned from a committee membership of 52: E 23 - 40 T, 
affirmative 24, negative 0, ballots marked ‘“‘not voting”’ 
12; E1-40T, afhrmative 1 17, negative 0, ballots marked 
19; E1- negative 0, 


“not votin 39, | ‘affirmative 17, 


ballots marked ‘‘not voting”’ 19. 
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EMERGENCY STANDARD 


The Section on Indentation Hardness, 
of Technical Committee I, completed 
a Hardness Conversion Table for Cart- 
ridge Brass which gives relations be- 
tween diamond pyramid hardness, 
Rockwell hardness, and Brinell hardness. 
This table was published as information 
in the March, 1942, issue of the ASTM 
BULLETIN. In view of the pressing 
need for these hardness conversion data 
on cartridge brass, the conversion table 
was submitted for publication as an 
emergency standard. This recommen- 
dation was accepted by Committee E-10 
on April 10, 1942, and the Emergency 
Standard issued under the designation 
ES - 4. 

I. New STANDARD 


Proposed Standard Hardness Conver- 
sion Table for Cartridge Brass.—The 
Hardness Conversion Table for Cartridge 
Brass* issued in April as Emergency 
Standard ES-4 is now recommended 
for formal adoption as standard and the 
necessary nine-tenths affirmative vote at 
the annual meeting is requested in order 
that this recommendation may be re- 
ferred to Society letter ballot. 


II. REVISION OF TENTATIVE STANDARD 


Tentative Specifications for A.S.T.M. 
Thermometers (E 1 - 41 T).2—In the 
1941 Report‘ there was published as 
information a reference to methods of 
determining the ice point in the stand- 

? These tables were adopted as standard by the Society 
and appear in the 1942 Book of A.S.T.M. Standards, Part I, 
to Book of A.S.T.M. Standards, 
arts II and Lil 


* Proceedings, Am. Soc. Testing Mats., Vol. 41, p. 481 
(1941). 
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ardization of kinematic viscosity ther- 
mometers. It is now recommended that 
reference to these methods be included 
as a note in the Tentative Specifications 
for A.S.T.M. Thermometers (E 1 - 41 T) 
to appear in connection with the require- 
ments for the three kinematic viscosity 
thermometers E 1 (28 F - 39 T), E 1 
(29 F - 39 T), and E 1 (30 F — 39 T). 


et III. REvIsIon OF STANDARD, 
IMMEDIATE ADOPTION 


Standard Specifications for A.S.T.M. 
Thermometers (E 1 - 39).5—The follow- 
ing revisions are recommended for 
immediate adoption and the committee 
asks for a nine-tenths affirmative vote 
at the annual meeting in order that this 
recommendation may be referred to 
Society letter ballot. These revisions 
were published as information in the 
1941 Report‘ and upon approval by the 
Society it is recommended that they 
become effective December 1, 1942. 

High Distillation Thermometers.—In 
the A.S.T.M. High Distillation Ther- 
mometers E 1 (8C — 39) and E1 (8F - 
39) change the distance from the bottom 
of the bulb to the graduation line at 
0 C. (32 F.) from the present specified 
dimension of “25 to 35 mm. (0.98 to 
1.38 in.)” to a distance of “25 to 45 mm. 
(0.98 to 1.77 in.).” 

Open Flash Thermometers—In the 
A.S.T.M. Open Flash Thermometers 
E 1 (11 C — 39) and E 1 (11 F - 39) 
reduce the length of the bulb from the 
present specified requirement of “not 
over 13 mm. (0.51 in.)” to read “not 
over 10 mm. (0.39 in.).” 


IV. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 
The committee recommends that the 
following three tentative standards be 
approved for submission to letter ballot 
of the Society for adoption as standard 
without revision: 


5 1939 Book of A.S.T.M. Standards, Part II, 838; Part 
III, p. 520. 
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Tentative Method of Test for Rockwell Superficial 


Hardness of Metallic Materials (E 18 - 39 T), 
Tentative Definitions of Terms Relating to 
Rheological Properties of Matter (E24- 

40 T), and 

Tentative Specifications for A.S.T.M. Thermom- 
eters (E 1-41 T): 

(1) Turpentine Distillation Thermometer E 1 
(27C-40T), replacing Standard Ther- 
mometer E 1 (27C-39) 

(2) Titer Test Thermometer E 1 (36C-41T). 


The committee also recommends that 
the Tentative Methods of Tension Test- 
ing of Metallic Materials (E 8 - 40 T) 
be approved for submission to letter 


Minimum Rodis Recommended het 


“in..but not less than g-in. 


Permitted 


---- 


Poralle/ Section | 


length for 


Elongation after Frocture 


Nore :-The gage length, paralle/ section, and fillets 
shall be as shown, but the ends may be of any 
shape to fit the holders of the testing machine 
in such a woy thot the lood shall be axial. 


Fic. 1.—Standard 2-in. Gage Length Tension 
Test Specimen. 

ballot of the Society for adoption as 

standard with the following revisions: 

Section 5.—Change to read as follows 

by the addition of the italicized figures 


and the omission of those in brackets: 


5. The standard tension test specimen of 
rectangular cross-section with a 2-in. gage 
length is shown in Fig. 2. This specimen is 
used for testing ferrous and non-ferrous metals 
in the form of plate, sheet, flat wire, strip, band, 
and hoop ranging in nominal thickness from 
[0.01] 0.005 to, but not including, } in., and 
widths of {j in. or greater. 


Fig. 3.—Change the illustration of the 
standard round tension test specimen so 
that the radius at each end of the 
reduced section is 3 in., and so that it is 
clear that shouldered-end specimens 
should not be made by simply scaling 
the ends of the specimen as shown in 
the present Fig. 3. The revised illustra- 
tion is shown in the accompanying Fig. 1. 
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Section 6 (b).—In order to clarify the 
first sentence change it to read as follows 
by the addition of the italicized words: 

It is desirable to have the diameter of the 
gage length of the specimen shown in Fig. 3, 
slightly smaller at the center than at the ends. 


Transpose Paragraphs (c) and (d) 


_ of this section to appear as a new Section 


8 (a) and (b) under the marginal heading 
“Round Tension Test Specimens,’’ re- 
numbering the remaining _ sections 
accordingly. 

Fig. 6—On the recommendation of 
Committee A-3 on Cast Iron, change the 
diameter of the machined section, dimen- 
sion c, of specimen B from “0.800 in.” 
to read “0.750 in.” 

Section 18.—Add to Paragraph (a) 
which covers the speed of testing require- 
ments an additional sentence reading as 
follows: 

When the tensile properties of a material are 
appreciably affected by speed of straining suit- 
able limits for rate of straining should be in- 


cluded in the purchase specifications covering 
that material." 


“This is the responsibility of those preparing the 
purchase specifications. 


Change Paragraph (c) to read as fol- 
lows by the addition of the italicized word 
and the omission of those in brackets: 

(c) The change in tensile strength values 
produced by a change in the rate of straining is 
{usually considerably] often less than that ob- 


served for the yield strength. The range of 
permissible speeds is, therefore, wider. 


Section (a).—Change the fourth 
sentence to read as follows by the 
addition of the italicized words: 

The load at the “halt in the gage” or the 
“drop of the beam” is recorded and the cor- 
responding stress is taken as the yield point. 

Add a new Paragraph (d) to this 
section to read as follows: 

(d) Autographic Diagram Method.—When 
a sharp-kneed stress-strain diagram is obtained 
by an autographic recording device the stress 
corresponding to the top of the knee or the point 


at which the curve drops is to be taken as the 
yield point. 


REPORT OF COMMITTEE E-1 


V. ADOPTION AS STANDARD 
TIVE REVISION OF STANDARD 
Standard Specifications for A.S.T.M. 
Thermometers (E 1 - 39).5—The tentative 
revision submitted in August, 1941,° 
of the A.S.T.M. Stability Test of Soluble 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


| 

Z 

I. New STANDARD | 
Hardness Conversion Table for 

16 0 8 


II. Revision OF TENTATIVE 
STANDARD 
Spec. for A.S.T.M. Thermometers 
(E1-41T), kinematic 
thermometers............... 12 0 12 


III. Reviston OF STANDARD, 
IMMEDIATE ADOPTION 


Spec. A.S.T.M. Thermometers 
(E 1-39): 


3, High Distillation Thermom- 
eters E-1 (8C-39) and E-1 
(8F-39) 

2. Open Flash Thermometers E-1 | 
(11C-39) and E-1 (11F-39) ¢ il 0 13 


IV. Apoption oF TENTATIVE 
STANDARDS AS STANDARD 
Test for Rockwell Hardness of 


Metallic Materials (E 18 - 39 T).. 16 0 8 
Def. of Terms Relating to Rheo- 


lo ical Properties of Matter 
24 - 40 T) 17 0 7 
Spee. for A.S.T.M. Thermometers 
(E 1-41 T): 


1. Turpentine Distillation Ther- 
mometer E-1 (27C-40T), re- 
Standard Thermometer 

1 (27C-39) il 0 13 

2. Titer by Thermometer E-1 

(36C-41T il 0 
Methods of Testing of 
Metallic Materials (E 8 - 40 T), as 


V. AporpTion aS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 
Spec. for A.S.T.M. Thermometers 
(E 1-39), thermometer for sta- 
bility test of soluble nitrocel- 
lulose... . ll 0 13 


Nitrocellulose Thermometer E 1 (26 C - 
29) is recommended for adoption as 
standard and the committee accordingly 
asks for a nine-tenths affirmative vote at 
the annual meeting in order that this 
recommendation may be referred to 
Society letter ballot. 


61941 Supplement to Book of A.S.T.M. Standards, 
Part II, 426; Part III, p. 639. 
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On METHODS 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 52 members; 24 have returned their 
ballots with the results shown in Table I. 


ACTIVITIES OF TECHNICAL COMMITTEES 


Technical Committee I on Mechanical 
Testing (H. F. Moore, chairman): 
The activities of the various sections 

of this technical committee have been 
fewer this year than is customary. This 
is due very largely to the war situation 
and the heavy demands it has made upon 
the time of practically all the members 
of these sections. Furthermore, with the 
exception of needed emergency stand- 
ards, it seemed a good policy to make as 
few changes in standards during the 
present emergency as possible. 

Section on Tension Testing (R. L. 
Templin, chairman).—This section held 
a meeting at Cleveland, Ohio, on March 
4, 1942, at which time the Tentative 
Methods of Tension Testing of Metallic 
Materials (E 8 — 40 T) were reviewed 
and it was voted to recommend that 
with the changes given earlier in this 
report these tentative methods be 
adopted as standard. 

Favorable action on this recommenda- 
tion has been taken by the Advisory 
Committee of Technical Committee I. 

Section on Compression Testing (M. F. 
Sayre, chairman).—This section will 
meet at Atlantic City, N. J., to consider 
the revision of the Tentative Methods of 
Compression Testing of Metallic Ma- 
terials (E 9 — 33 T) so that the require- 
ments for testing bearing metal and the 
proposed compression test procedure for 
cast iron may be brought into harmony. 

Section on Indentation Hardness (J. R. 
Townsend, chairman).—The Hardness 
Conversion Table for Cartridge Brass, 
issued in April as Emergency Standard 
ES — 4 and now recommended for formal 
adoption as standard as mentioned 
earlier in this report, was prepared by a 
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special group of this section under the 
chairmanship of R. L. Kenyon. In 
the preparation of the conversion tables, 
the committee carried on a round-robin 
series of tests and made an extensive 
survey of existing hardness test data on 
this copper alloy. The conversion table 
has already proved very useful in the 
war effort and its appearance has been 
very timely. 

Additional work on hardness conver- 
sion relationships of the hardened or 
heat-treated steels is now under way by 
another subgroup also under the chair- 
manship of Mr. Kenyon. The other 
members of this committee include W. E. 
Ingerson, V. E. Lysaght, L. H. Fry, 
R. H. Heyer, T. H. Wickenden repre- 
sentative of the Society of Automotive 
Engineers, and Howard Scott representa- 
tive of the American Society for Metals. 
The subgroup is making very satisfac- 
tory progress on this project and may 
have a recommendation to present to 
the committee later in the year. 

Studies carried on in connection with 
the work of this committee are described 
in a paper by R. H. Heyer on “Hardness 
Conversion Relationships’ being pre- 
sented at this annual meeting. 

The section has approved by letter 
ballot the adoption as standard without 
revision of the Tentative Method of Test 
for Rockwell Superficial Hardness of 
Metallic Materials (E 18 - 39 T). The 
Standard Methods of Test for Rockwell 
Hardness of Metallic Materials (E 18 — 
36) and for Brinell Hardness of Metallic 
Materials (E 10 — 27) have also been 
reviewed and it is recommended that 
they be continued without change. 

Section on Testing of Thin Sheet Metals 
(C. H. Marshall, chairman).—This sec- 
tion has asked to be discharged, and this 
request has been approved by the 
Technical Committee on Mechanical 
Testing and presented to Committee 
E-1. In discharging this section, it is 


7 See p. 708. #2 
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desired to record the appreciation of the 

Committee on Mechanical Testing and 

the main committee for the excellent 

a done by this section in designing 

the most carefully thought-out tension 

_ specimen found in the A.S.T.M. stand- 

ards. Mr. C. H. Marshall, chairman of 

the section, will continue as a member 
of the Advisory Committee of the Tech- 
nical Committee on Mechanical Testing. 

Section on Calibration of Testing Ma- 

chines and Apparatus (H. F. Moore, 

_ chairman).—This section has before it a 

proposed tentative standard for calibra- 

tion and classification of strainometers. 

a Inasmuch as there are very few labora- 
tories equipped to calibrate strainome- 

ters accurately, and as the introduction 
of such a tentative standard might 
require a considerable amount of ap- 
paratus building and some additional 
load on inspectors of materials, it is felt 
that during the present war situation, 
or at least for the present year, it may 
be well to defer the completion of this 
as a tentative method. It was decided, 
however, to submit it for publication as 
information in the form of a proposed 
method.* 

a The section has reviewed the Standard 

Methods of Verification of Testing Ma- 

chines (E 4— 36) and has no changes to 

suggest in it at this time. 

Technical Committee II on Consistency, 
Plasticity, and Related Properties (Eu- 
gene C. Bingham, chairman): 

The studies being carried out at the 
Brooklyn Polytechnic Institute on the 
- ring-and-ball softening point test and 
its possible correlaticn with absolute 
methods has been carried on in ac- 
cordance with a program arranged by 
the Special Research Committee on 
Industrial Flow Tests under th2 chair- 
manship of Robert Burns. It was hoped 
that the tests might have been com- 


a 8 Proposed Method of Verification and Classification of 


Stralnemeters, ASTM Buttetin, No. 117, August, 1942, 
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pleted to permit presentation of a paper 
at this annual meeting. Due to the 
demands on the time of the investigators 
as a result of the war effort, this was not 
found possible, and a report on this 
investigation will accordingly not be 

available until 1943. 

The Tentative Method of Test for 
Softening Point (Ball and Tapered Ring 
Apparatus) (E 28 — 39 T) is to be re- 
vised’ as the result of further studies on 
the use of a shouldered ring proposed by 
Committee D-17 on Naval Stores. A 
series of testsonsamples of rosin using the 
shouldered ring is presented this year in 
the current report of Committee D-17.° 

The Tentative Definitions of Terms 
Relating to Rheological Properties of 
Matter (E 24 - 40 T) have been approved 
by letter ballot of this subcommittee for 
adoption as standard. 

Technical Committee IIT on Particle Size 
and Shape (L. T. Work, chairman): 
The Section on Pigment-Type Ma- 

terials (C. E. Barnett, chairman) is 

continuing its studies of methods of 
measuring particle size by microscopic 
methods and until this work is completed 
the Tentative Method of Test for the 

Particle Size Distribution of Subsieve 

Size Particulate Substances (E 20 - 33 T) 

is being continued in its present status. 

The Section on Sieves (A. A. Klein, 
chairman) reports that the revisions 
made this year in the Federal Specifica- 
tion for Standard Testing Sieves 
(RR-S-366) bring this specification into 
agreement with the A.S.T.M. Standard 
Specifications for Sieves for Testing 
Purposes (E 11 — 39). 

Technical Committee IX on Interpretation 
and Presentation of Data (H. F. 
Dodge, chairman): 

This technical committee has under 
consideration two additions to the A.S. 
T.M. Manual on Presentation of Data. 


® See Editorial Note, p. 462. 
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These deal, respectively, with the sam- 
pling errors of averages as a third 
supplement to the manual, and a fourth 
supplement covering the computation of 
correlation coefficients. Two charts sub- 
mitted by the manual committee which 
cover three-sigma control limits for 

“number of defects’ and for “fraction 

defective” are also being considered for 

inclusion in a future revision of the 
manual. 

Technical Commitiee X on Conditioning 
and Weathering (Robert Burns, 
chairman): 

In addition to maintaining close con- 
tact with all standing committees con- 
cerned with conditioning and weather- 
ing, this committee has made substantial 
progress toward the standardization of 
several items of importance in this field. 

The committee has prepared a pro- 
posed Tentative Recommended Practice 
for Characteristics of Standard Carbon 
Arc Accelerated Weathering Unit® which 
sets forth the basic features desirable in 
apparatus of this type. While it is 
recognized that the establishment of pre- 
cise weathering cycles covering specific 
materials for specific locations is the 
function of the standing committees, it 
is felt that this standard will establish 
certain fundamental principles which any 
carbon arc weathering device should 
possess. 

The committee has also completed 
proposed Tentative Definitions with 
Procedures Relating to Conditioning and 
Weathering.’ This is a compilation of 
items adopted by various standing com- 
mittees and now proposed for general 
acceptance principally on the basis of 
wide applicability, and after careful re- 
view by this technical committee. 
Technical Committee XI on Designation 

and Interpretation of Numerical Re- 

quirements (J. A. Gann, chairman): 

The Tentative Recommended Prac- 
tices for Designation of Numerical 
Requirements in Standards (E 29 - 40 T) 
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developed by this technical committee 
are being continued as tentative pending 
completion of considerations now being 
given to further clarifying the use of the 
expressions “‘plus or minus” versus “‘plus 
and minus” in connection with toler- 
ances or permissible variations prescribed 
in A.S.T.M. standards. The need for 
a general statement or recommendation 
regarding reasonable deviations when the 
required precision does not call for or 
require an exact statement of necessary 
tolerances is also being studied. 

Technical Committee XII on Laboratory 

Apparatus (W. H. Fulweiler, chair- 

man): 

The work of this technical committee 
has been carried on by its six sections 
although the demands of the war effort 
have affected, to some extent, the amount 
of time which the members have been 
able to devote to committee work. The 
scarcity of materials used in the manu- 
facture of apparatus has also presented 
the committee with a number of 
problems. 

Section A on Thermometers (R. M. 
Wilhelm, chairman).—This section held 
a meeting in Cleveland during the 
A.S.T.M. spring group committee meet- 
ings at which time action was taken 
on a number of recommendations affect- 
ing the Specifications for A.S.T.M. 
Thermometers (E 1 — 39 and E 1 - 41 T). 
These various recommendations are re- 
ferred to earlier in this report. 

Section B on Hydrometers (J. P. 
Bader, chairman).—The third in a series 
of papers sponsored by Technical Com- 
mittee XII has been prepared by J. P. 
Bader and E. L. Peffer on “Methods of 
Testing Hydrometers” for publication 
as an Appendix to this report. 

Section C on Volumetric Glassware 
(J. J. Moran, chairman) and Section D 
on Laboratory Glassware (F. F. Shetterly, 
chairman).—These sections have con- 
tinued to cooperate with the standing 
committees in the review of new and 
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_revised methods containing requirements 
glass apparatus. 

Section F on Metalware Apparatus 
(J. E. Patterson, chairman).—Members 
of this section have reviewed during the 
year the requirements for certain metal- 
ware apparatus, particularly as concerns 
the use of stainless steel which is now 
very difficult to obtain and in some 
instances is no longer available for 
apparatus manufacture. These matters 
are being discussed with the originating 
standing committee and in one case it is 
expected that an emergency alternate 
provision will be issued providing for the 
use of glass in place of stainless steel. 
_ Technical Committee XIII on Hydrogen 
Ion Determinations (E. B. Ashcraft, 

chairman): 

This technical committee was or- 
ganized in June, 1941, and during the 
past year it has reviewed certain tests 
for pH value prepared by other Society 
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committees. The principal function of 
this committee will be to serve in an 
advisory capacity to the standing com- 
mittees of the Society on problems 
dealing with pH measurement and as a 
clearing house for information on hy- 
drogen ion tests. 


The present chairman and vice-chair- 
man were re-elected for the ensuing term 
of two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 52 members; 25 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. H. FULWEILER, 
Chairman. 


P. J. KE 
Ex-officio Secretary, 


EpiroriIAL Note 


Subsequent to the annual meeting, Committee E-1 presented to the Society 
_ through Committee E-10 on Standards the following recommendations: 


ute 


New Tentative: 
Definitions with Procedures Relating to Conditioning and W eathering © 
(E 41 - 42 T), 
Recommended Practice for Characteristics of Standard Carbon Arc Ac- 
celerated Weathering Unit (E 42 — 42 T), and 


Revision of Tentative Method of Test for: 
Softening Point (Ball and Tapered Ring Apparatus) (E 28 - 39 T). 


These recommendations were accepted by Committee E-10 on August 24, 
1942, and the new and revised tentative standards appear in the 1942 Book 
of A.S.T.M. Standards, Part Hl, pp. 1434, 1432, 1419; Part rt IIT, pp. 1581, 1579 
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The determination of specific gravity 
of liquids can be made by the following 
three general methods: 

Method 1.—By weighing at standard 
temperature in glass containers of known 
volume (pycnometers). 

Specific gravity is defined as the ratio 
of the weight of a certain volume of the 
liquid in question to the weight of the 
same volume of water taken as standard 
at a stated temperature. 

Pycnometers of the usual design are 
somewhat conical in shape and fitted 
with a ground-glass stopper with a hole 
in the stopper or fitted with a ther- 
mometer serving as a stopper and a side 
tube for permitting the removal of the 
excess liquid. Care must be taken, 
however, to set the stopper uniformly to 
avoid the possibility of error due to 
variations in the volume of the pyc- 
nometer. Others of special design for 
specific purposes have been found to be 
very useful and may be designed to 
meet special requirements. 


The buoyancy correction to be applied 
to any apparent weight, to reduce it to 
true weight in vacuum, is calculated by 
multiplying the air density by the 
difference in volumes between the object 
weighed and the weights required to 
balance it on an even-arm balance; or 


B = p(V — Vw) 


2 et, The Emil Greiner Co., New York, N. Y. 
Chief, Capacity and "7%: Section, National Bureau 
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Part I—PREPARED BY J. P. BADER 


fin, 
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=airbuoyancy, 

p = air density, 

V = volume of object weighed, and 
V~ = volume of weights.* 
Method 2.—By use of hydrostatic i 


balances, that is, weighing or balancing 
a plummet of known weight and dis- 
placement in the liquid under test. The 
Westphal Balance is the most 
known device of this kind. 

The use of this method is limited to 
liquids of such viscosity, that the free 
movement of the sinker in the liquid is 
not appreciably retarded. In the case 
of the Westphal Balance and other 
special balances of this type the sinker 
or plummet is usually of small volume 
so that the accuracy is limited. Their 
principal advantages are that samples of 
small volume may be used for specific 
gravity determinations. 

Method 3.—Instruments of flotation— 
hydrometers. 

The purpose of this paper is to 
describe a convenient means of testing 
hydrometers in the laboratory. The 
basic principle of the hydrometer is 
believed to have been discovered in the 
third century B.C. by Archimedes 
(287 to 212 B.C.), and a crude form of 
this device is attributed to him. No 
record of development of this instru- 
ment appears until the latter part of 


3 For detailed discussion see paper by H. W. Bearce, 
“Standardization of Methods for the Determination of 
Density,”’ Proceedings, Am. Soc. Rec Mats., Vol. 
XIX, Part I, p. 412 (1919). 
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the Seventeenth Century, when it was 
invented by Robert Boyle. Various 
forms of the hydrometer have been 
made out of ivory, metal, and glass, 
some of which are illustrated below, 
but for the purpose of this paper only the 
conventional, glass, constant-mass, vari- 
able-displacement type (Figs. 4 to 9, 
inclusive), which has the most common 
use in the laboratory, will be considered 
here. 


Figures 1 and 2 illustrate the so-called 
Nicholson hydrometer, a now obsolete 
type used for determining specific grav- 
ity of solid particles in which weighed 
particles are placed in the basket after 
which a reading is taken in water or 
other sustaining fluid, using weights on 
the platform and position of submersion 
of the scale as a means of evaluating 
the specific gravity of the solid. These 
were made either of metal or glass. 


Fic. 3 


Figure 3 illustrates an obsolete type 
used in determining the specific gravity 
of liquids where the amount available 
was too small to float an hydrometer. 
The liquid was enclosed in the chamber 
just above the bulb and the scale reading 
in water indicated the specific gravity 
of the sample. 
Figures 4, 5, and 6 illustrate modern 


conventional forms of the so-called 
“plain” hydrometer, showing various 


Fic. 4 Fic. 5 Fic. 6 


means for enclosing the ballast of either 
mercury, metal shot, or sealing wax 
with shot. 

Figures 7 and 8 illustrate the modern 
conventional form of thermo-hydrometer 
with the thermometer scale in the bulb, 
using either mercury or metal shot and 
sealing wax as ballast. These are best 
employed where the liquid is transparent, 
so that the temperature reading may be 
observed in the liquid and correction 
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made for reducing the hydrometer 
reading to standard temperature, usually 
60 F. (15.56 C.). 


Figure 9 illustrates a modern type of He 
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The volume of the stem is expressed 
by the simple formula for the volume 


of a cylinder or 


thermo-hydrometer with the thermome- 


ter scale in the stem for observing the 
temperature of opaque liquids for tem- 
perature correction as above. The hy- 
drometer scale has been developed out 
of the stem in the illustration to indicate 
the usual method of inscription. 


where: 


d = outside diameter of the stem, and 


1 = length of the stem between So 
and Su. 
By Archimedes’ principle, the weight 


of the instrument can be equated with 
the following expression: 

X sp. gr. at So... 
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therefore from Eqs. 1 and 2 ae 2 
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from which d = 
frp 
These formulas can be used in con- 
structing an instrument when the desired 
range and length are given. A skilled 
craftsmen, however, has no great diffi- 
culty in accurately estimating these 
dimensions from previous experience, 
when selecting W lower body (unterteil) 
of suitable volume and correct stem 
diameter for a specified hydrometer. 

When standardizing an instrument in 
manufacture, care must be taken to use a 
liquid in which the test points are being 
fixed, which has the same (or as nearly 
as practical the same) surface tension 
as the liquid in which the finished 
hydrometer will be employed. As this 
is not always feasible in shop practice, 
as for example in making hydrometers 
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The basic formulas for relationship of 
dimensions, volume, and weight in the 
testing of liquids of various specific 
gravity are given below: 

Assume the volume to the lowest 
graduation Su to equal V. The reading 
at the top graduation is designated as 
So and the total weight of the hy- 
drometerasW. Therefore 


= V X specific gravity at Su.... 
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Specific Gravity or Density Scale: 


for thick tars or asphalts, a mixture of 
mobile transparent liquids closely related 
to the product in this respect are 
employed. 

A typical instance of error is the use 
of water at the 10° A.P.I. reading. The 
greater surface tension of water will 
cause a greater rise above the surface 
or observation plane around the stem 
of the hydrometer, thus adding the 
weight of this water to the hydrometer. 
This causes the hydrometer to sink 
lower in water than it would sink in 
petroleum of the same specific gravity. 
The finished instrument made this way 
will result in observations for petroleum 
which require a plus correction on the 
A.P.1I. scale and a minus correction on 
the specific gravity scale to balance this 
error. This difference or correction in 
indication increases with greater di- 
ameter of stem relative to the bulb size 
when the instrument is tested or cali- 
brated in water (specific gravity at 
60 F. = 1.000 or 10° A.P.I.) and 
observed in petroleum of equal specific 
gravity. 


HYDROMETER SCALES 


The normal specific gravity scale 
assumes water as unity at 60 F. (15.56 C.) 
readings for the ‘liquid observed or 
corrected to the same temperature. 
Usual subdivisions are 0.005 and 0.001. 
The scale for equal differences in specific 
gravity is not uniform, as there is an 
harmonic increase in the distance be- 
tween subdivisions for equal differences 
in specific gravity. This can be readily 
explained by the fact that equal changes 
in buoyancy cause a greater displace- 
ment effect on the instrument, as more 
of its volume becomes immersed in the 
liquid. The subdivisions therefore be- 
come wider for each scale division in the 
direction from bottom to top. 
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It is obvious for this or any other 
scale that greater sensitivity is obtained 
by reducing the stem diameter relative 
to the bulb and vice versa. To obtain 
sensitivity over a large range in a single 
instrument would result in a very long 
hydrometer and container, which would 
be very impractical for several reasons: 
(a) the instrument would be very 
fragile in handling, (b) it would not be 
stable, if the plane of flotation were 
near the lower portion of the stem, (c) 
the containers would be correspond- 
ingly long and require a considerable 
volume of liquid for test. It is therefore 
common practice to make a series of 
instruments of equal displacement with 
increase in ballast weight so that the 
scales of each successive instrument just 
overlap. It is very seldom that instru- 
ments are made with subdivided scale 
lengths of over 6 in. 

The use of arbitrary even scales, based 
on specific gravity where the subdivi- 
sions are uniform, find extremely exten- 
sive application. Naturally, since equal 
increments of specific gravity are not 
represented by equidistant subdivisions 
on the scale, it follows that equidistant 
uniform subdivisions will not represent 
directly proportional changes in specific 
gravity values. To relate any arbitrary 
scale of this type a formula with a 
determined or accepted modulus is 
employed. A modulus is defined as a 
constant factor of a variable function, 
which serves to connect this function 
with a particular system or base. 


Baumé Scales: 


The Baumé scale was first proposed 
and used in 1768 by the French chemist, 
Antoine Baumé. The directions for 
reproducing this scale were to prepare a 
solution of 15 per cent by weight of 
very “pure” and very “dry” sodium 
chloride in 85 per cent by weight of 
water at 12.5 C. (54.5 F.). The point 
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to which the hydrometer sank in this 
solution was marked as 15° and the 
point to which it sank in distilled water 
was marked 0°. The space between 
these two marks was subdivided into 
15 equal degrees, and divisions of equal 
length were extended beyond this point. 

For liquids lighter than water the 
scale was established by using a 10 per 
cent solution of sodium chloride as 0°, 
and distilled water for the 10° point. 
The distance between these points was 
divided into 10 equal parts and these 
equal divisions extended above the 10° 
point. 

Deviations or errors in this procedure 
resulted in variations between instru- 
ments produced by different manu- 
facturers. It was therefore a more 
desirable solution to define and fix the 
relationship between this scale and the 
specific gravity scale at some definite 
temperature in mathematical terms in 
the form of an equation. The adoption 
of a definite modulus would permit 
calculation of the scale if the correct 
specific gravity is known and vice versa. 

The equations adopted in the United 

States are as follows: 


* tag 
For liquids heavier than water, 


Degrees Baumé = 145 — . (3 
4 
145 
Specific Gravity at 60/60F. = - 
145 — deg. Baumé 
For liquids lighter than water, 
140 
Degrees Baumé = — 130. .(4) 


a sp. gr. 60/ 


140 
Specific Gravity at 60/60F, = ————_— 
130 + deg. Baumé 
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TESTING HYDROMETERS 


A.P.I. (American Petroleum Institute) 

Scale: 

The A.P.I. scale originally used in 
the United States was generally de- 
scribed as ‘“‘Baumé for coal oil.” Its 
basis was the modulus for Baumé light 
hydrometers, namely 140. In some 
manner, however, a large number of 
instruments which were put into use in 
the petroleum industry were based on a 
modulus of 141.5. There was some 
confusion due to the fact that some 
instrument manufacturers adhered to 
the 140 modulus while one of the 
principal manufacturers continued to 
maintain the 141.5 figure as standard. 
The Bureau of Standards publications 
from 1901 to 1916 on U. S. Standard 
Tables for Petroleum Oil accepted the 
140 figure as correct. 

To terminate this state of affairs the 
American Petroleum Institute, the U. S. 
Bureau of Mines, and the U. S. Bureau 
of Standards agreed in December, 1921, 
to accept the modulus of 141.5 for the 
petroleum industry. This scale was to 
be known as the A.P.I. scale to dis- 
tinguish it from the original Baumé 
scale for light liquids. 


141.5 


Degrees A.P.I. = ——— 
sp. gr. 60/60F. 


— 131.5. .(5) 


141.5 


131.5 — deg. A.P.I. 
Baumé for Sugar: 


This is the same as the Baumé scale 
for heavy liquids and the same modulus 
(145) is employed and is based on 
specific gravity at 20/20 C.4 


Brix Scale (Degrees Brix): 


The Brix scale is a percentage scale 
in which each full scale division from 0 to 


4 Technologic Paper No. 115, Nat. Bureau Standards. 
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100 corresponds to 1 per cent sucrose in 
water based on specific gravity of water 
as 1.0000 at 20/20C.5 Readings in Brix 
degrees correspond to the following 
Baume and specific gravities: 


or 
¢ Percent 
age Specific 
Sucrose Baumé 
by 
Weight 20/20 Cc 145 
0.0 
10.0 1. 
20.0 
30.0 1. 
40.0 
50.0 1. 
60.0 1. 
© 70.0 
80.0 1. 
90 .( 1. 
100.0 


4% 


The Twaddle scale is related to specific 
_ gravity by the following formula: 


sp. gr. 60/60F. — 1.000 
0.005 


or Degrees Twaddle = 


—. This scale is sometimes employed in the 
tanning and textile industries. 


Barkometer Scale: 
The Barkometer scale is related to 
specific gravity by the following formula: 


Specific Gravity 
= Barkometer degrees X 0.001 + 1.000 


a This scale is likewise used in the tanning 
industry. 


Milk Scales: 


1. Quevenne Lactometer——The Que- 


Me venne scale is related to specific gravity 
by exactly the same formula as the 


Barkometer. 
ag 2. Lactometer Degrees (N.Y. Board of 
Health) —The N. Y. Board of Health 


5 There is now no clear distinction between Brix and 
Balling. Both are interpreted as meaning percentage of 
a sucrose, by weight, at a stated temperature. 


scale is generally accepted as having the 
following relationship 


Specific Gravity 
= 1 + 0.00029 x lactometer degrees 


Salt Hydrometers: 

Salt hydrometers are usually scaled for 
convenience in percentage or in even 
arbitrary degrees which are related to 
specific gravity. To check their ac- 
curacy, accepted solution tables should 
be consulted. These tables give relative 
solution strength and specific gravity 
for the particular salt. The following 
scales are recognized: 

1. Salinometer (Sea W ater).—The Sali- 
nometer scale is one in which each of 
32 subdivisions equals 1 per cent by 
weight of saline matter in sea water at 
200 F. 

2. Salt Hydrometer (Saturation Scale). 
—This instrument indicates percentage 
saturation of dry salt dissolved in dis- 
tilled water, and is, of course, graduated 
from 0 to 100 per cent. 

3. Salometer for Salt (Sodium Chlo- 
ride).—The salometer (sodium chloride) 
is scaled so that each subdivision is 
equal to } per cent dry salt by weight 
in water at 60 F. 

4. Salometer (Calcium Chloride).— 
(a) The salometer (calcium chloride) 
scale is divided in degrees with each 
degree corresponding to }° Baumé 
heavy. Usually scaled from 0 to 120° 
(0 to 30° Baumé heavy). 

(6) Also scaled in percentage of dry 
calcium chloride in water usually 0 to 
28 per cent. 


Nore.—Either of the above salometer (cal- 
cium chloride) scales is occasionally made with 
corresponding freezing temperatures for the 
concentration indicated along various points 
on the scale. 
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Alcohol Scales: 


Proof Scale for Ethyl Alcohol—The 
proof scale is graduated in double the 
percentage of alcohol by volume (at 
60 F.), so that 0 on the scale is distilled 
water, 100 is 50 per cent by volume of 
absolute alcohol (in the mixture) to 
50 per cent of water, etc. This is also 
known as the U. S. Internal Revenue 
Alcohol scale (Per cent Proof Spirits). 

A modification of this scale in the 
U. S. Custom House scale. It has the 
same basis except that it has 100 sub- 
divisions on each side of a zero cor- 
responding to the same scale as above. 
The zero is 100 proof or 50 per cent 
alcohol by volume (at 60 F.). Thus a 
spirit is rated as over proof up to 100 
per cent reading from zero up to the top 
100 and down to 100 per cent under 
proof reading from zero down to the 
bottom 100. 


Gay Lussac or Tralle: 


The Gay Lussac or Tralle scale reads 
directly in percentage alcohol by volume 
at 60 F. from zero (water), to 100 per 
cent (absolute ethyl alcohol). Any indi- 
cation on this hydrometer would read 
exactly half of the proof scale in the 
same strength alcohol solution. 


Richter Scale (Per cent of Alcohol by 
Weight): 


The Richter scale would of course 
agree with the previous one at 0 and 
100 per cent. Lower scale indications 
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are obtained with this hydrometer in 
solutions of equal density and alcohol 
concentration as compared with the 
Gay Lussac or Tralle scale for readings 
between 0 and 100 per cent. Greatest 
differences (approx. 7.5 per cent) occur 
in the center of the scale and diminish 
to zero toward the two extremes of 0 and 
100 per cent. 


Sor, Hyprometers (A.S.T.M. MetHop 
D 422-39)8 


A rather unusual application of the 
hydrometer is in the examination of the 
density of a suspension of soil particles 
in water. One hydrometer, (type A) is 
graduated in a scale of 0 to 60 for 
observation at 67 F. The 0 corresponds 
to clear distilled water at 67 F. and each 
subdivision up to 60 represents grams of 
suspended soil particles per liter, also 
at 67 F. The 30 and 60-g. points corre- 
spond approximately to a specific grav- 
ity of 1.020 and 1.0375, respectively. 

The type B hydrometer which is 
optional for use in this test is a specific 
gravity hydrometer graduated from 
1.000 to 1.050 graduated for reading at 
67 F. and is employed in the same 
manner as the above. Tables and 
formulas and temperature corrections 
have been established to correlate the 
two instruments. 


Standard Method of Mechanical Analysis of Soils 
(D 422 - 39), 1939 Book of A.S.T.M. Standards, Part II, 
p. 453. 


Part II—CALtIBRATION OF HYDROMETERS 


PREPARED BY E. L. PEFFER 


Hydrometers are calibrated by the use 
of (1) the method of hydrostatic weigh- 
ing, or (2) by direct comparison with 
a standard hydrometer. 

1. The corrections to the standard 
hydrometer are determined in the appro- 
priate test liquid the density of which 


has ween determined the hydrostatic 


weighing method. In this method a 
sinker or plummet of known mass and 
volume is weighed in the test liquid 
whose density is to be measured, and the 
density is calculated from the known 
volume and the difference between the 
weight of the sinker in vacuum and 
when immersed i in the test 
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Standard hydrometers should be 
tested at a sufficient number of points 
so that a smooth calibration curve can 
be drawn through the points tested. 

2. By direct comparison with a stand- 
ard hydrometer. The procedure is to 
compare the indication of the instrument 
under test with that of a standard 
instrument placed in the same liquid, 
the correction to be applied to the 
indication of the standard instrument 
being known. 

Hydrometer scales, as pointed out by 
J. P. Bader,’ are graduated in a wide 
variety of units: for example, specific 
gravity, density, percentage by weight, 
and percentage by volume of various 
substances, and in several independent 
arbitrary scales. 

In general, each hydrometer can be 
most conveniently tested by direct 
comparison with a standard graduated 
in terms of the same unit as that in 
which the instrument to be tested is 
graduated; that is, specific gravity 
instruments by comparison with a 
standard graduated in terms of similar 
specific gravity units; percentage alcohol 
by volume by comparison with a stand- 
ard graduated in terms of percentage 
alcohol by volume; degrees A.P.I. by 
comparison with a standard graduated 
in terms of degrees A.P.I.; etc. 

The standard should be at least as 
sensitive as the instrument to be tested 
by comparison with it. 

Hydrometers for general laboratory or 
industrial purposes should be tested at 
not less than three points. 


Cleaning Hydrometers Before Test: 


Hydrometers, before test, should be 
carefully washed with soap and water, 
and the stems should be wiped with a 
clean cloth “wet” with alcohol. Extra 
care must be taken in the cleaning of 
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bd 


hydrometers that indicate low per- 
centages of materials having relatively 
high surface tension. Any contamina- 
tion of the hydrometer stem or of the 
liquid surface results in a large error in 
indication of the instrument. 

At the National Bureau of Standards 
all hydrometers except those for use in 
oils (which have low surface tension) are 
tested in a special hydrometer com- 
parator so arranged that the test liquid 

1) 
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can be made to overflow immediately 
before each reading. In this way a 
fresh, clean liquid surface is in contact 
with the hydrometer stem at the time 
each reading is made. 


Method of Reading Hydrometers: 


The correct method of reading a 
hydrometer is illustrated in Figs. 10 and 
11. In taking the reading the eye 
should be placed slightly below the 
plane of the surface of the liquid (Fig. 10) 
and then raised slowly until this surface, 
seen as an ellipse, becomes a straight 
line (Fig. 11). The point at which this 
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line cuts the hydrometer scale should be 
taken as the reading of the instrument. 
In case the liquid is not sufficiently 
clear to allow the reading to be taken as 
described above, it will be necessary to 
read from above the surface and to 
estimate as accurately as possible the 
point to which the liquid rises on the 
stem. It should be remembered, how- 
ever, that the instrument is calibrated 
to give correct indications when read 
at the principal surface of the liquid. 
It will be necessary, therefore, to correct 
the reading at the upper meniscus by an 
amount equal to the height to which the 
liquid creeps up on the stem of the hy- 
drometer. The amount of this correc- 
tion may be determined with sufficient 
accuracy for most purposes by taking a 
few readings on the upper and the lower 
meniscus in a clear liquid and noting the 
differences. The magnitude of the cor- 
rection will depend upon the surface 
tension of the liquid, and the length 
and value of the subdivisions of the 
hydrometer scale and must be deter- 
mined in each case for the particular 
hydrometer and liquid in question. 

Hydrometer readings taken at the 
top of the meniscus in opaque liquids are 
corrected to the principal surface of the 
liquids as follows: 

The correction for height of meniscus 
is added to hydrometer readings when- 
ever an increase in the density of the 
liquid produces a numerical increase in 
the scale reading (specific gravity, per- 
centage by weight of sugar, and Baumé 
heavy hydrometers). 

The correction is subtracted from 
hydrometer readings whenever an in- 
crease in the density of the liquid 
produces a numerical decrease in the 
scale reading (degrees A.P.I. and Baumé 
light). 


Precautions: 


Certain precautions must be taken in 
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order that satisfactory results may be — 


obtained. The hydrometer should not 
only be clean but also dry and at the 
temperature of the liquid before immer- 
sion. The temperature and density of 
the test liquid must be uniform through- 
out the cylinder; this is obtained by the 
use of a stirrer that reaches to the 
bottom of the container. Readings 
should not be taken until the hydrometer, 
which is slowly immersed slightly beyond 
the test point, floats freely. Both the 
hydrometer and the liquid should be 
free from bubbles before the reading is 
taken. 


Test Liquid and Surface Tension: 


In the testing of hydrometers it is 
essential that the test liquid have the 
same characteristics as that in which the 
instruments are to be used. This pre- 
caution is necessary also in the manu- 
facture (pointing) of hydrometers. 

Distilled water at the temperature of 
standardization may be used for the 
1.000 specific gravity point and for the 
0 point on alcoholometers and the 0 per 
cent by weight of sugar. On mineral 
oil hydrometers, distilled water must 
not be used as the test liquid for the 
1.000 specific gravity point nor the 
10° A.P.I. point, at the standard 
temperature. An oil must be used, so 
that the surface tension effect will be 
on the same basis throughout the 
entire gravity range for petroleum 
products. 

Lactometers, hydrometers for milk, 
are generally tested in a sulfuric acid 
solution and the necessary correction 
made for the difference in the surface 
tension of milk and the acid. 

The magnitude of the correction due 
to surface tension depends upon the 
diameter of the stem and the mass of 
the hydrometer. Hydrometers of equiv- 
alent dimensions may be compared, 
without error, in a liquid differing in 
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surface tension from the specified liquid. 
Comparisons of dissimilar instruments 
in such a liquid must be corrected for 
the effect of the surface tension. 


Thermo-H ydrometers: 


In certain cases, hydrometers are 
fitted with thermometers, designed as 
thermo-hydrometers. The thermometer 
scale may be either in the body or in the 
stem of the hydrometer. If within the 
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stem, it should be above the hydrometer 
scale. In the use of thermo-hydrome- 
ters, the instrumental corrections should 
be determined for the thermometer 
scale as well as for the hydrometer 
scale. In reading a thermometer ac- 
curately, care must be taken that the 
line of sight is perpendicular to the 
thermometer scale in order to avoid 
parallax. 


(1) “United States Standard Baumé Hydrom- 
eter Scales,” Circular No. C59, Nat. 
Bureau Standards, April 5, 1916, 13 pp. 
(Publication is out of print.) 

(2) Frederick J. Bates and H. W. Bearce, “New 
Baumé Scale for Sugar Solutions,” Tech- 
nologic Paper No. 115, Nat. Bureau 
Standards, October 30, 1918, 11 pp. 

(3) “United States Standard Tables for Petro- 
leum Oils,” Circular No. 57, Nat. Bureau 

$tandards, First Edition, January 29, 

hy 1916; Second Edition, May 11, 1916; 
64 pp. (Superseded by Circular No. 154.) 

(4) “National Standard Petroleum Oil Tables,” 
Circular No. 154, Nat. Bureau Standards, 
175 pp. (Superseded by Circular C410.) 

“Abridged Volume Correction Table for 
Petroleum Oils,” Supplement to Circular 


: No. 154, Nat. Bureau Standards, October 
2 8, 1925, 4 pp. 
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“Abridged Volume Correction Table for 
Petroleum Oils,” Supplement to Circular 
No. 154, Nat. Bureau Standards, October 
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“Abridged Volume Correction Table for 
Petroleum Oils,” Supplement to Circular 
No. 154, Nat. Bureau Standards, Septem- 
ber 17, 1934, 8 pp. (Superseded by 
Supplement to Circular C410.) 

(5) “National Standard Petroleum Oil Tables,” 
Circular C410, Nat. Bureau Standards, 
March 4, 1936, 175 pp. 
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Petroleum Oils,” Supplement to Circular 
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E- 2 on Spectrographic 
Analysis held one meeting during the 
year in Chicago, Ill., on June 26, 1941. 

Four new members and two addi- 
tional member representatives were 
added to the committee, making the 
total membership 66. The present offi- 
cers of the committee were re-elected for 
the ensuing term of two years. 

The committee has in preparation an 
extension to the “Index to the Literature 
on Spectrochemical Analysis” to cover 
the years 1940 and 1941. 

Subcommittee ITT on Quantitative Meth- 
ods and Applications (M. L. Fuller, 
chairman) met at Chicago, IIl., on June 
26, 1941. The subcommittee has been 
active during the year through its 
Groups 1, 2, and 4. 

Group 1 on copper, nickel and their 
alloys (P. A. Leichtle, chairman) is 
studying methods for the analysis of 
brass and is making cooperative tests on 
selected standard alloys. 

Group 2 on lead, tin, antimony, bis- 
muth and their alloys (A. E. Ruehle, 
chairman) has developed proposed Meth- 
ods for the Spectrochemical Determina- 
tion of Impurities in Lead Alloys and for 
the Spectrochemical Determination of 
Impurities in Tin Alloys. The group 
has also prepared proposed Specifica- 
tions for Spectrochemical Apparatus and 
Techniques. These were submitted to let- 
ter ballot and forwarded to Subcommittee 
III for action. Cooperative tests were 
made by two of the canes on astand- 
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ard sample of solder, mes of 
analysis prepared by the group. Ex- 
cellent agreement was observed between 
spectrographic and chemical analysis. 

Group 4 on zinc and cadmium and 
their alloys (M. L. Fuller, chairman) 
made cooperative tests on a zinc alloy 
die-casting sample, employing the Tenta- 
tive Method of Quantitative Spectro- 
chemical Analysis of Zinc Alloy Die 
Castings for Minor Constituents and 
Impurities (E27-40T). The results 
showed good agreement in general, but 
certain disagreements will require further 
work for explanation. Revisions of 
Tentative Method E 27 — 40 T and of the 
Tentative Method of Quantiative Spec- 
trochemical Analysis of Zinc for Lead 
Iron, and Cadmium (E 26 —- 35 T), which 
are under the jurisdiction of Group 4, 
have been prepared, approved by letter 
ballot, and forwarded to Subcommittee 
III for action. Studies are being made 
of a method for the analysis of cadmium 
and a spark method for the analysis of 
zinc. 

Subcommittee V on Standards and Pure 
Materials (T. A. Wright, chairman) has 
been active throughout the year in 
answering numerous requests for in- 
formation on sources of standards. A 
program is being initiated for the es- 
tablishment of standard samples of 
metals and alloys. The subcommittee 
will prepare recommendations as to 
sizes and shapes, preparation and an- 
alysis, and will act as a clearing house for 
information on these materials. 
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Committee E-3 on Chemical Analysis 
of Metals held a meeting in Chicago, IIl., 
on June 25, 1941, during the annual 
meeting of the Society. Five division 
and thirteen subcommittee meetings 
were also held during the year. 

Six new members were elected during 
the year. The committee wishes to 
record its sorrow in the loss by death of 
J. B. Mosley, chairman of Subcommittee 
B-2. His interest in the work of Com- 
mittee E-3, and his friendly personality 
will be missed. 

Notwithstanding the demands of the 
war period, considerable progress has 
been made by the different division and 
subcommittee groups. 

Methods for the analyses of pig lead, 
nickel-chromium electrical-heating al- 
loys, slab zinc, and brasses have been 
approved by letter ballot of the com- 
mittee and are being submitted to the 
Society as new tentative standards. 
Subsequent to the annual meeting, 
Committee E-3 presented to the Society, 
through Committee E-10 on Standards, 
a tentative revision of the Standard 
Methods of Chemical Analysis of Steel, 
Cast Iron, Open-Hearth Iron, and 
Wrought Iron (E 30-39). This tenta- 
tive revision, in the form of new Tenta- 
tive Methods of Chemical Analysis for 
Aluminum, Columbium, and Lead in 
Steel (E 30-41 T), was accepted’ by 
1In submitting this recommendation to Committee 
E-10 on Standards, Committee E-3 reported results of the 
letter ballot vote as follows: Of a total membership of 70, 
59 members returned their ballots, of whom 49 voted 
a‘lirmatively, 1 negatively, and 9 members marked their 
ballots “‘not voting” with respect to determination of 
aluminum; 46 voted affirmatively, 0 negatively, and 13 
members marked oe ballots ‘‘not voting” with respect 
to determination of columbium; 50 voted affirmatively, 


0 negatively, and 9 members marked their ballots “not 
voting” with respect to determination of lead. 
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Committee E-10 on October 22, 1941, 
and has been published separately as a 
1941 Supplement to the Methods of 
Chemical Analysis of Metals. 


I. New TENTATIVE STANDARDS 


The committee recommends for publi- 
cation as tentative, the following new 
methods of chemical analysis as ap- 
pended hereto” to replace the several 
present methods as indicated: 


Methods of: 


Chemical Analysis of Magnesium and Magne- 
sium Alloys, 

Chemical Analysis of Aluminum and Aluminum 
Alloys, to replace Tentative Methods B 40 - 
36 T, 

Chemical Analysis of Brasses, to replace Tenta- 
tive Methods B 45 — 36 T, 

Chemical Analysis of Pig Lead, 
Tentative Methods B 35 — 36 T, 

Chemical Analysis of Metallic Materials for 
Electrical Heating, to replace Tentative Meth- 
ods B 71 — 34 T, 

Chemical Analysis of Nickel, to replace Tenta- 
tive Methods B 41 — 36 T, and 

Chemical Analysis of Slab Zinc (Spelter), to © 
replace Tentative Methods B 38 - 36 T. ‘ 


to replace 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the © man 
following three methods be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Methods of: 


Chemical Analysis for Aluminum, Columbium, © 
and Lead in Steel (E 30-41 to be in- 
corporated in Standard E 30- 39,4 ; 


2 These methods were acce one as tentative by the 
Society and a spree in the A.S.T.M. Methods of Chemical 
Analysis of Metals, 1942. 

31941 Supplement to Chemical Analysis of Mate. 

4A.S.T.M. Methods of Chemical Analysis of Metals, 
1939, pp. 1, 3, 54. 
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See Editorial Note, p. 477. 


Chemical Analysis of Ferro-Alloys (E 31- 


38 and 
Sampling Ferro-Alloys (E 32 39 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 68 members, with the results shown 
in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


| 
Affirm- ega- | Mark 
tom ative tive “Not 
Voting” 
I. New Tentative STANDARDS 
Chemical Analysis of 
sium and Magnesium Al 50 0 7 


Chemical Analysis of Alumi- 
num and Aluminum Alloys, | 
to replace Tentative Methods| 
B40-36T | @ 0 7 

Chemical Analysis of Brasses, 
to replace Tentative 
ods B 45-36 T.. 55 1 7 

Chemical Analysis of Pig Lead 
to replace Tentative ethods 
B 35-36T 50 0 10 

Chemical Analysis of Metallic 
Materials for Electrical Heat- 
ing, to replace Tentative 

Methods B 71 - 34 T 49 0 il 

Chemical Analysis of Nickel, | 
Methods 
B 41 - 52 0 3 

Chemical of Slab 
(Spelter), to replace Tenta- 
tive Methods B 38 - 36 T.. 49 0 il 


Il. Apoptron oF TENTATIVE 
STANDARDS AS STANDARD 
Chemical Analysis for Alumi- 
num, Columbium, and Lead 
in Steel (E 30 - 41 T), to be 
in Standard 


30 - 39 0 8 
Chemical Analysis of Ferro- 

Alloys (E 31 - 38 T) 51 0 7 
Ferro- (E 32- 


OF DIVISIONS AND 


SUBCOMMITTEES 


Division A on Ferrous Metals (Arba 
Thomas, chairman).—Work is in prog- 
ress on methods for the determination 
of small amounts of lead in steel, 
aluminum in alloy steels, and selenium 
in stainless steels. Subcommittees have 
been formed to study methods for the 
determination of nitrogen (W. D. Brown, 
chairman), bismuth (W. J. Boyer, chair- 
man), and tellurium (R. H. Elder, 
chairman). 


REPORT OF COMMITTEE Mme 


Division B on Non-Ferrous Metals 
(D. R. Evans, chairman).—The division 
is actively continuing the revision of the 
present A.S.T.M. methods for the an- 
alysis of non-ferrous alloys. 

Subcommittee B-1 on Copper and Its 
Alloys (R. P. Nevers, chairman) has 
completed work on the analytical pro- 
cedures for brasses and is now engaged in 
developing methods for the analysis of 
bronzes. 

Subcommittee B-2 on Lead, Tin, 
Antimony, Bismuth, and Their Alloys 
(C. A. Ray, chairman) has prepared 
methods for the analysis of solder which 
have been tested on a specially prepared 
sample of solder (35 per cent tin, 65 per 
cent lead). It is expected that the 
methods will be submitted to the divi- 
sion during the latter part of the year.‘ 

Subcommittee B-3 on Aluminum and 
Magnesium and Their Alloys (H. V. 
Churchill, chairman) developed the 
methods for the analysis of aluminum 
and magnesium and their alloys being 
submitted for publication as tentative as 
mentioned earlier in this report. 

Subcommittee B-4 on Zinc and Its 
Alloys (R. W. Coltman, chairman) has 
prepared methods for the analysis of 
zinc-base alloys. The methods are now 
being tested prior to submittal to 
Division B. 

Subcommittee B-6 on Nickel (Calvin 
Sterling, chairman) is studying methods 
for the analysis of nickel which it 
prepared. 

Division D on General Analytical 
Methods (B. L. Clarke, chairman).—The 
division has begun the preparation of a 
section on apparatus and standard solu- 

tions for the next issue of the publication 
of A.S.T.M. Methods of Chemical An- 
alysis of Metals. The work is being 
done by Subcommittee D-1 on Develop- 
ment, Preparation, or Standardization 


- of Reagents (S. E. Q. Ashley, chairman), 


and Subcommittee D-2 on Development 
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ANALYSIS OF METALS 


and Standardization of Apparatus (E.B. turned their ballots, of whom 60 have > 
Rubloff, chairman). voted affirmatively and 0 negatively. 


The present officers of the committee 


were re-elected for the ensuing term of Respectfully submitted on behalf of 


the committee, 


two years. 
y G.E.F.LUNDELL, 
This report has been submitted to Chairman. — 
letter ballot of the committee which con- H. A. Bricurt, 
sists of 68 members; 62 members re- Secretary. 


Subsequent to the annual meeting, Committee E-3 presented to the Society = aes 


through Committee E-10 on Standards the following recommendations: So a 


New Tentative Methods for: 
Chemical Analysis of Tin- and Lead-Base Solder Metal (E 46 — 42 T), 
ae replace immediately the Tentative Methods of Chemical Analysis of | * 
Hin] Alloys of Lead, Tin, Antimony, and Copper (B 18 - 36 T), and 
_ Chemical Analysis of Zinc-Base Die Casting Alloys (E 47 — 42 T). 
These recommendations were accepted by Committee E-10 on December 11, 
1942, and assigned the A.S.T.M. serial designations indicated above. The Bes" 
new te ntative standards appear in the “A.S.T.M. Methods of Chemical Analysis _ wi te a8 
of Metals (1942).” 
A new Method of Chemical Analysis for Determining Selenium in Steel 
(E 30-43 T) was accepted by Committee E-10 on March 6, 1943, as a : 


tentative revision of the Standard Methods of Chemical Analysis of Steel, Cast 
Iron, Open-Hearth Iron, and Wrought Iron (E 30-42). This also appears 
in the “A.S.T.M. Methods of Chemical Analysis of Metals (1942).” 


On March 6, 1943, Committee E-10 accepted the recommendation of Com- — 
mittee E-3 that the following A.S.T.M. tentative methods, which are nor 


out-of-date, be withdrawn: 
Tentative Methods of: 
Chemical Analysis of Manganese Bronze (B 27-36T), athe 
Chemical Analysis of Gun Metal (B 28 — 36 T), and 
alate Chemical Analysis of Bronze Metal (B 46 — 36 
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During oe past year, Committee E-4 
on Metallography held an informal 
meeting in Cleveland, Ohio, on March 4, 
1942, and its regular meeting in Atlantic 
City, N. J., on June 24, 1942, during the 
annual meeting of the Society. 

Recommendations on several new and 
revised tentative standards were con- 
sidered at the June meeting of the 
committee and action taken to submit 
these to letter ballot as referred to later 
in this report. 

At the June meeting, the present 
officers of the committee were re-elected 
for the ensuing term of two years. 

Committee E-4 reports the loss of one 
member during the year leaving a total 
of 67 members. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Selection and Prepa- 
ration of Samples (G. F. Comstock, 
chairman).—During the year this sub- 
committee has made a splendid contribu- 
tion by making an extensive revision of 
the Tentative Methods of Preparation 
of Metallographic Specimens (E 3-39 T) 
which extends the subject matter to 
include more advanced practices cover- 
ing electrolytic polishing of metallo- 
graphic specimens. It is expected that 
this recommendation will be ready for 
submittal to the Society through Com- 
mittee E-10 on Standards later in the 
year.! 

Subcommittee IV on Photography (L. 


1 See Editorial Note, p. 479. 


REPORT OF COMMITTEE 
ON 
METALLOGRAPHY 


on: 


V. Foster, —T his 
mittee has carefully reviewed the Tenta- 
tive Methods of Preparation of Micro- 
graphs of Metals and Alloys (E 2 — 39 T) 
and recommends that they be continued 
as tentative without revision. 

Subcommittee VI on X-ray Methods 
(W. L. Fink, chairman).—The Joint 
Committee on Chemical Analysis by 
X-ray Diffraction Methods has pre- 
pared a 4000-card index of X-ray 
diffraction data for use in the Hanawalt 
method of chemical analysis by X-ray 
diffraction. Copies of the Card Index 
File are available from A.S.T.M. Head- 
quarters at $50.00 per set. 

A proposed Recommended Practice 
for Identification of Crystalline Mate- 
rials by the Hanawalt X-ray Diffraction 
Method which covers in detail the test 
procedure to be followed has been 
completed by this subcommittee and 
will be presented to the Society through 
Committee E-10 on Standards sub- 
sequent to the annual meeting.! 

Subcommittee VII on Dilatometry (L. 
H. Carr, chairman).—A recommended 
practice for dilatometric analysis is 
now in the process of final revision and 
editing prior to submittal to letter ballot. 
It is expected to be ready before the 
next meeting of Committee E-4. 

Subcommittee VIII on Grain Size 
(M. A. Grossman, chairman).—Inas- 
much as no criticisms of the Tentative 
Classification of Austenite Grain Size in 
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Steels (E 19 - 39 T) have been received, Inclusion Content of Steel. Due to 
the subcommittee recommends that this urgent requests that this recommended 
classification be continued as tentative practice be made available this year, the 
without revision. subcommittee has made every effort to 

The subgroups concerned with ferrite Complete the final details of the pro- 
grain size and with non-ferrous grain cedures to be included. It is expected 
size are both actively engaged in pre- that these recommendations will | be 
paring certain recommended changes Society 
which will result in improvements in the 
grain size reference standards. ‘ 

ubcommittee I X on Inclusions (Samuel 

has had an extremely active year, having ; oi LL. Wyman, 
held a number of meetings, and has .-4 
completed a proposed Tentative Recom- 
mended Practice for Determining the 


Chairman. 


Epiror1AL NoTE 


— Subsequent to the annual meeting, Committee E-4 presented to the Society 
Hes through Committee E-10 on Standards the following recommendations: 


‘ake New Tentative Recommended Practice for: 
atect Identification of Crystalline Materials by the Hanawalt X-Ray Diffraction 
Mit Method (E 43 - 42 T), 

he Determining the Inclusion Content of Steel (E 45 — 42 T), and 


Revision of Tentative Methods of: 


Preparation of Metallographic Specimens (E 3 39 T). 


ae These recommendations were accepted by Committee E-10 on November 27, 
ae 1942, and the new and revised tentative standards appear in the 1942 Book of ‘ 
Standards, Part I, pp. 1537, 1543, and 1586. 
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NOMENCLATURE 


While Committee E-8 on Nomencla- 
ture and Definitions has not held a 
meeting during the past year, a number 
of matters have been handled by cor- 
respondence. 

Under the rotational basis on which 
the Advisory Committee is now func- 
tioning with the terms of two members 
expiring each year, the Executive Com- 
mittee of the Society has reappointed 
P. V. Faragher and L. H. Fry for a 
three-year term, expiring in 1945. 

A continuing interest in the establish- 
ment of authoritative definitions and 
nomenclature relating to engineering 
materials is evident from the following 
new and revised definitions being pre- 
sented by the standing committees to 
the Society, for publication as tentative, 
at this annual meeting: 


Tentative Definitions of Terms Relating to Con- 
crete and Concrete Aggregates (C 125 —- 36 T), 
new definitions of “flat piece,” “elongated 
piece,” “water-cement ratio,” and revised 
definition of “blast furnace slag,” prepared 
by Committee C-9 on Concrete and Concrete 
Aggregates, 

Tentative Definitions of Terms Relating to 
Paint, Varnish, Lacquer, and Related Prod- 


ucts (D16-41T), new definitions of 
, ¢ “lacquer,” “sanitary or tin plate lacquers,” 
ers “putty,” “bituminous varnish,” “glaze,” 


ae 
= 
2 
i, 
1 4 


prepared by Committee D-1 
and Related 


and “surfacer,” 

on Paint, Varnish, Lacquer, 

Products, 

a Tentative Method of Test for Spectral Char- 

acteristics and Color of Objects and Materials, 

‘ prepared by Committee D-1, includes descrip- 
tions of terms and symbols, 

Tentative Methods of Test for Neutralization 
Number of Petroleum Products, prepared by 
Committee D-2 on Petroleum Products and 
Lubricants, includes descriptions of terms, 

Definitions of Terms Relating to Soaps and 
Other Detergents (D 459-41 T), prepared 
by Committee D-12 on Soaps and Other 
Detergents, 

Tentative Classification of Terms and Descrip- 
tive Nomenclature of Objects Made from 


| 
od 


RE PORT OF COMMITTEE E-8 


ON 
AND DEFINITIONS 


Plastics, prepared by Committee D-20 on 
Plastics, and 

Tentative Recommended Practice for Repeated 
Flexural Stress (Fatigue) Test of Plastics, 
prepared by Committee D-20. 


Committee D-4 on Road and Paving 
Materials has referred to Committee 
E-8 some fifteen definitions of terms 
relating to bituminous materials which 
represent a revision of and includes 
several new definitions for inclusion in 
the Standard Definitions of Terms 
Relating to Materials for Roads and 
Pavements (D 8 - 33). Also Committee 
D-8 on Bituminous Waterproofing and 
Roofing Materials has referred to Com- 
mittee E-8 definitions of seven terms 
relating to waterproofing and roofing 
materials. These proposed definitions 
have been referred for review to the 
Subcommittee on Definitions Relating 
to Bituminous Materials under the 
chairmanship. of K. G. Mackenzie. 

Committee E-8 at its last meeting 
authorized the organization of a special 
Subcommittee on Definition of the Term 
Glass for the purpose of reconciling the 
differences between the Tentative Defi- 
nition of the Term Glass (C 162 - 41 T), 
prepared by Committee C-14 on Glass 
and Glass Products, and the definition 
for glass prepared by Committee D-13 
on Textile Materials and included in the 
Definitions of Terms Relating to Textile 
Materials (D 123 — 41). Invitations 
were extended to the interested standing 
committees of the Society to designate 
representatives to serve on this sub- 
committee and the following have been 
appointed : 

W. F. Bartoe, Representing Committee D-20 on 


Plastics, 
F. C. Flint, Representing Committee C-14 on 


Glass and Glass Products, 
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on 


J. C. Hostetter, Representing Committee C-14, 

J. W. McBurney, Representing Committee C-15 
on Manufactured Masonry Units, 

J. L. Miner, Representing Committee C-1 on 
Cement, 

E. M. Penney, Representing Committee D-13 
on Textile Materials, 

John Sabo, Representing Committee D-9 on 
Electrical Insulating Materials, and 

G. N. Thompson, Representing Committee C-5 
on Fire Tests of Materials and Construction. 


A meeting of the special Subcommittee 
on Glass was held in Philadelphia, Pa., 
on May 15, 1942, at which time the two 
existing definitions were carefully re- 
viewed and many valuable suggestions 
offered. Action was taken to refer this 
matter to Subcommittee I on Nomencla- 
ture and Definitions of Committee C-14 
with the thought that that committee 
would formulate the technical part of 
the definition in the light of the discus- 
sion at this meeting, in consultation with 
Committee D-13. Any note calling 
attention to organic glasses would be 
referred to Committee D-20 for review. 

Committee D-9 on Electrical Insu- 
lating Materials has referred to Com- 
mittee E-8 for review the following 
definition of a generic name for a group 
of nonoil liquid insulating compounds: 


Askarel.—A synthetic noninflammable insu- 
lating liquid which, when decomposed by the 
electric arc, evolves only nonexplosive gaseous 
mixtures. 


It is understood that this definition 
has been adopted by the National 
Electrical Manufacturers Assn. and is 
under consideration in Committee D-9 
in connection with its work on insulating 
oils. 

The Subcommittee on Definition of 
Terms Relating to Heat Treatment 
(L. H. Fry, chairman) has reviewed the 
Definitions of Terms Relating to Heat 
Treating! prepared by the Joint Com- 
mittee on Definitions of Terms Relating 
to Heat Treatment, comprising repre- 
sentatives of the four sponsoring socie- 
ties, namely, the American Society for 
Metals, the Society of Automotive 


1 See Editorial Note, p. 482. 


Engineers, the American Foundrymen’s 
Assn., and the American Society for 
Testing Materials. The subcommittee 
has approved the definitions for publica- 
tion and it is planned to submit these 
definitions to letter ballot in Committee 
E-8 for presentation to the Society for 
publication as tentative, subsequent to 
the annual meeting through Committee 
E-10 on Standards. Z 


I. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


On the recommendation of the Sub- 
committee on Sieve and Screen (Cloyd 
M. Chapman, chairman), the committee 
recommends that the Tentative Defini- 
tion of the Term Screen (Sieve) 
(E 13 — 28 T) be approved for reference 
to letter ballot of the Society for adop- 
tion as standard with a revision in Note 2 
changing “rectangular” to read 
“square.” With this change, the 
definition reads as follows: 


Screen (Sieve).—A plate or sheet or a woven 
cloth, or other device, with regularly spaced 
apertures of uniform size, mounted in a suitable 
frame or holder, for use in separating material 
according to size. 

Nore 1.—The shape and spacing of 
apertures, size of wires or threads, thickness 
of plate or sheet, allowable variations and 
similar properties should be taken care of 
in specifications. 

Note 2.—In mechanical analysis testing 
work, when not otherwise specified, the 
term “sieve” shall apply to an apparatus in 
which the apertures are square, and the term 
“screen” shall apply to an apparatus in 
which the apertures are circular. 


The results of the vote in Committee 
E-8 on this recommendation are as 
follows: From a membership of 52, 37 
members returned their ballots, of whom 
27 voted affirmatively, 0 negatively, and 
10 members marked their ballots ‘not 
voting.” 


II. Review oF DEFINITIONS RECOM- 
MENDED FOR ADOPTION AS 
STANDARD 


The following actions were taken by 
the committee on tentative definitions 
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being recommended for adoption as 
standard by other Society committees 
at this annual meeting: 

Refractories—The committee has re- 
viewed during the year the Tentative 
Definitions of Terms Relating to Refrac- 
tories (C 71-40 T). These definitions 
had been recommended by Committee 
C-8 on Refractories for adoption last 
year and Committee E-8 requested that 
this action be deferred for a year in 
order that certain editorial suggestions 
might be reviewed and discussed with 
Committee C-8. This review developed 
several suggestions which were presented 
to and found acceptable by Committee 
C-8. These editorial changes comprised 
principally the addition of the words 
“of refractories” to the names of the 
terms defined and in the definition of 
erosion, it was suggested that the phrase 
“such as molten metals and slags” be 
omitted. With these editorial changes, 
the definitions of the terms abrasion, 
burning, corrosion, erosion, and slagging 
have been approved by Committee E-8 
for submittal to the Society for adoption 
as standard by letter ballot vote as 
follows: From a membership of 52, 35 
members returned their ballots, of whom 
31 voted affirmatively, 0 negatively, and 
4 members marked their ballots “not 
voting.” 

Gypsum.—Committee C-11 on Gyp- 
sum is recommending for adoption as 
standard this year the following revised 


definition of the term “perforated ebpeiied 
lath”: 


Perforated Gypsum Lath—A gypsum lath 
with perforations. For one hour fire resistive 
construction, perforated gypsum lath shall be 
not less than ? in. in thickness with perforations 
not less than # in. in diameter with one perfora- 
tion for not more than each 16 sq. in. of lath. 

This proposed revised definition was 
reviewed by Committee E-8 and action 
taken to request Committee C-11 to 
defer adoption® of it for a year in order 
to provide opportunity for discussion of 
desirable changes. 

Rheology.—The Tentative Definitions 
of Terms Relating to Rheological Proper- 
ties of Matter (E 24-40 T) are being 
recommended for adoption as standard 
this year by Committee E-1 on Methods 
of Testing. These definitions have been 
reviewed by Committee E-8 and the 
comments received will be referred to 
Committee E-1 for consideration. 


This report has been submitted to 
letter ballot of the committee which 
consists of 52 members; 25 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
M. CHAPMAN, 
Cheitten. 
R. E. Hess, 
Ex-officio Secretary. 


2 See Summary of Proceedings, p. 23. 


7 Subsequent to the annual meeting, Committee E-8 itil to » the Society iv 
; through Committee E-10 on Standards proposed Tentative Definitions of Terms — ait 
74 Relating to Heat Treatment of Metals. These definitions were accepted by Es ae 
7 Committee E-10 for publication as tentative on August 24, 1942, to replace im perth 3 
mediately the Standard Definitions of Terms Relating to Heat Treatment 
Operations (Especially as Related to Ferrous Alloys) (A 119-33). The new 

tentative definitions were assigned the designation E 44 - 42 T and appear in 

the 1942 Book of A.S.T.M. Standards, Part I, p. 1592. 
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With this report Committee E-9 on 
Research reviews briefly certain research 
activities and matters related thereto 
which have engaged its attention during 
the past year. As customary, a more 
comprehensive review of research activi- 
ties throughout the Society will appear 
in a subsequent issue of the ASTM 
BULLETIN. 


Research Committee Activities: 


The Research Committee on Fatigue of 
Metals has been conducting a study of 
size effect on fatigue specimens free 
from highly localized stress. Material 
has been secured for tests of an SAE 1020 
carbon steel as rolled, an SAE X4130 
chromium-molybdenum _ steel, heat 
treated, and an SAE 1035 steel, hot 
rolled. A progress report! on this in- 
vestigation is being presented to the 
Society at this annual meeting. Com- 
mittee E-9 has appropriated the sum of 
$800 from the Society’s Research Fund 
in support of this program. 

The Research Committee has asked 
Committee E-9 for an additional con- 
tribution of $1000 from the Research 
Fund to continue its study of size effect. 
Committee E-9 believes that this is an 
important piece of research and has 
accordingly placed the sum requested 


at the disposal of the Research 
Committee. 
The Joint Research Committee on 


Effect of Temperature on the Properties of 
Metals of The American Society of 
Mechanical Engineers and this Society is 


1See p. 145. 


presenting a report? at the annual 
meeting briefly summarizing the progress 


. made during the year in its various 


research projects. These include tests 
of tubular members at elevated tem- 
peratures, effect of variables on high- 
temperature properties of metals, com- 
parison of short-time test methods, and 
a review of the present high-temperature 
test methods. 

The Joint Research Committee on 
Boiler Feedwater Studies is presenting a 
progress report to the Society at this 
annual meeting discussing primarily 
the research project on caustic embrittle- 
ment and referring briefly to other 
problems that have been considered. 

Joint Research Project on Durability 
of Concrete.—Work on this project is still 
in a formative stage but it is expected 
that out of its studies valuable informa- 
tion will develop. Committee E-9 has 
made a nominal contribution of $250 
from the Research Fund to this project 
to take care of certain administrative 
expenses. 


Research Progress of A.S.T.M. Com- 
mittees: 


A detailed review of research projects 
being carried out by various A.S.T.M. 
committees appeared in the January 
issue of the ASTM BvuLietin, which 
gives reference to the Society publica- 
tions in which they are described. This 
review covers primarily two classifica- 
tions: (a) new work initiated or con- 
templated; and (6) activities in which 
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substantial progress has been noted 
_ during the year. 
_ The specific research projects given 
below have been followed in a general 
- way by Committee E-9: 
Effect of Pretreatments in Painting of 
_ Structural Steel (Committee D-1).— 
_ Since the last annual meeting Subcom- 
- mittee XXIX of Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
_ Products has made two additional in- 
_ spections of its test panels and it is 
expected to present the results of these 
inspections in the annual report of 
- Committee D-1. At the request of 
Committee E-9, Subcommittee XXIX 
us has listed a number of problems that are 
being considered for study. 
Testing of Textile Finishes (Com- 
te mittee D-13).—The research project on 
the development of methods for the 
- evaluation of finishes of textile fabrics 
was concluded in October, 1941, at the 
end of its second year, and a brief 
_ summary of what has been accomplished 
is covered in the current report* of 
- Committee D-13. A Permanent Com- 
- mittee has been appointed to see to the 
adoption by Committee D-13 of the 
instruments and niethods that have 
been developed; to answer inquiries 
that may arise after publication of 
_ papers describing the instruments and 
the methods for their use, and to promote 
_ the adoption of the instruments wherever 
possible; and to renew the research 
--—s« program at any time that it may be 
indicated. In the latter connection a 
_ Program Committee has been appointed 
to determine the interest of the sub- 
_ scribers in continuing the work into a 
third year and if the response is favorable 
to set up a program covering further 
study of the application and refinement 
of the instruments developed; also work 
on the evaluation of crease-resistant, 
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shrink-resistant, and __ slip-resistant 
finishes. 

Study of Test Methods for Plastics 
(Committee D-20).—Considerable study 
has been undertaken in Committee 
D-20 on Plastics on the problems before 
it and Committee E-9 has noted that 
consideration is to be given in the 
committee to a more systematic ap- 
proach to these studies. 

Study to Determine if Results of 
Empirical Flow Tests can be Expressed 
in Absolute Units (Committee E-1).— 
As mentioned in last year’s report, this 
study is being carried out at Brooklyn 
Polytechnic Institute. 


Organization of A.S.T.M. Research Ac- 
tivities in Corrosion: 

During the year, Committee E-9 has 
arranged several conferences of the 
chairmen of the A.S.T.M. committees 
concerned with corrosion problems look- 
ing towards the setting up of a more 
effective means of administering the 
Society’s work in the field of corrosion 
of metals. These committees are A-5 
on Corrosion of Iron and Steel, A-10 on 
Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys, B-3 on Corrosion of 
Non-Ferrous Metals and Alloys, B-4 on 
Electrical-Heating, Electrical-Resistance 
and Electric-Furnace Alloys, B-6 on 
Die-Cast Metals and Alloys, and B-8 on 
Electrodeposited Metallic Coatings. As 
a result of these conferences it has been 
recommended that there be formed a 
new administrative committee, to be 
designated as the Advisory Committee 
on Corrosion. An Outline of Scope of 
Activities and Functions of the Advisory 
Committee has been prepared and 
approved by: the Executive Committee 
of the Society and it is expected that the 
organization meeting of the Advisory 
Committee will be held during this 
annual meeting. Under the provisions 
of the Outline of Scope of Activities and 
Functions, the Advisory Committee 
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will consist of the chairmen (or alternate) 
of the six standing committees named 
above and three members-at-large, serv- 
ing for a term of three years, appointed 
by the Executive Committee of the 
Society, and will be concerned with 
corrosion investigations, researches, test 
procedures, etc., in so far as these apply 
to metals and alloys. The committee 
will also serve as an advisory group to 
the Executive Committee and Com- 
mittee E-9 with respect to corrosion 
problems. 


Proposed Foundation for Scientific Re- 
search in Rubber Technology: 


Mention was made in the report last 
year that Technical Committee A on 
Automotive Rubber, of Committee D-11 
on Rubber Products, has under con- 
sideration the formation of a Foundation 
for Scientific Research in Rubber Tech- 
nology. This matter has been held in 
abeyance at the suggestion of the special 
committee developing plans for the 
proposed research. There is still the 
feeling among engineers, particularly in 
the consumer lines, that there is a need 
for considerably more knowledge than 
we have on some of the fundamental 
problems and it is expected that, despite 
the scarcity of rubber because of the 
war, provision will be made for test 
rubber for experimental work. It has 
been noted that courses of instruction in 
rubber technology have recently been 
established in two colleges which will 
tend to foster research in this field, and 
this may serve the purpose in the 
minds of those who originally proposed 
the research project to Technical Com- 
mittee A. 


Research Activities of Other Societies: 


The Society has continued its repre- 
sentation on such groups as the Division 
of Engineering and Industrial Research 
and the Highway Research Board of the 
National Research Council, the A.S.M.E. 
‘Committee on Mechanical 


On RESEARCH 


Springs, and the Welding Research 
Committee of Engineering Foundation. 
Research activities have been continued 
along the lines mentioned in previous 
reports and have been reviewed during 
the year by Committee E-9. 


A.S.T.M. Research Activities Under War 
Conditions: 


As the result of discussions in the 
Executive Committee of the Society, 
Committee E-9 has given consideration 
to the desirable policy for A.S.T.M. 
research activities under war conditions. 
Of course, our national research activities 
must be directed primarily to the 
development of implements of war, to 
improving our situation as to raw 
materials and transportation and to the 
development of superior processing 
methods. The Society activity should 
be directed toward the same ends. 

Even though immediate results are 
demanded for war production, research 
work will be completed sooner if sufh- 
cient time and effort are taken for an 
analysis of the problem, the utilization 
of previous research and a careful 
planning and supervision of the project. 
Economy of time in the laboratory 
requires careful analysis and evaluation 
of data. The full application of research 
to design and production is contingent 
upon the proper presentation of the 
work and distribution of reports. 

Within the membership of our research 
committees and the research groups of 
standing committees are the foremost 
authorities of the country. Collectively, 
our committees have a full knowledge 
of the published literature and of the 
vast unpublished data of industrial and 
independent laboratories. They know 


the facilities for research, the qualifica- 
tions of research personnel and the needs 
for both applied and fundamental re- 
search. Our committees operate co- 
operatively in organizing work and in 
presenting, checking and reviewing re- 
sults. 


They are in intimate contact 


t 
4 j 
t 
f i 
d 
Ss 
1 
s 
e 
=. 
e 
e 
5 
n 
n 
€ 
n 
n 
Vas 
‘ 
n 
a 
of 
| 
id 
=e | 
is 
1S 
= 
id 
ee 
rth | 
| 
dis { 


486 


with industry and possess facilities for 
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The quantity of research personnel 
available is not readily expanded because 
of the training and aptitude required for 
successful work. The output of the 
country’s research personnel can be 
increased through the utilization of 
agencies equipped to outline without 
delay logical research programs without 
unnecessary duplication of work and 
with a clear understanding of the 
problem. Our committees are capable 
of rendering a national service in raising 
the output of the nation’s research 
organization. 

How our committees can be fully 
utilized deserves consideration. There 
has been a tendency for the National 
Government to organize its research 
activities independent of the cooperative 
structure evolved by industry and repre- 
sented by the technical societies. Pos- 
sibly such action cannot be avoided due 
to the limitation in the use of Govern- 
ment funds and the requirements of war. 
But the consequences will be bad if the 
cooperative research undertakings of 
our technical societies are weakened or 
destroyed because of the power of huge 
federal appropriations. 

If our research committees are to 
survive they must function now during 
this war in constructive work directed 
to the national war policy. The Na- 
tional Government needs and, it is 
believed, will welcome such efforts. 
Our traditions are democratic and dem- 


ocracy can operate effectively in 
research as well as in the fields of 
politics. 


There can be no question as to whether 
research is fundamental. The funda- 
mental approach may consume less time 
than less well organized hit-and-miss 
methods. A fundamental knowledge 
assists both in the interpretation and 
application of research. It is especially 
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needed in time of war when new un 
trodden fields must be explored. There 
can be no limitation fixed because of the 
time factor. It is beyond human power 
to predict when this war will end. It is 
certain, however, that cooperative re- 
search efforts directed to the ends of 
national policy will shorten the period of 
this world struggle. 

It is urged, therefore, as a constructive 
policy that our research committees and 
research groups maintain the initiative 
in organizing, directing, interpreting, 
and disseminating research activities- 
all directed toward the war policy. 


Administrative Matters: 


C. D. Holley, whose term would have 
expired with this annual meeting, died 
on January 16, 1942. The appointment 
of a new member for the term of five 
years will be made by the Executive 
Committee of the Society. 

The principal of the A.S.T.M. Re- 
search Fund is now $32,391.15, an in- 
crease of $3000 since the report a year 
ago. The increase comprises $2600 from 
1941 entrance fees (which together with 
the $600 reported last June from that 
source represents the entire amount col- 
lected in 1941 from entrance fees) and 
$400 from current (1942) entrance fees. 

The balance of income in the Research 
Fund on May 31, 1942, was $1052.48. 
This is after payment of $500 of the 
$1000 appropriated to the Research 
Committee on Fatigue of Metals and 
$250 to the Research Project on Dura- 
bility of Concrete. The present annual 
available income from the principal of 
the Fund is about $1125. 


Respectfully submitted on behalf of 
the committee, 


G. F. Jenks, 
Chairman. 


C. L. WARWICK, 
Secretary. 
June, 1942. 
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Committee E-10 on Standards has 
had one of the most active years in its 
career. This, of course, has been due to 
the desire on the part of the standing 
committees, as a part of the war effort, 
to have published as promptly as possible 
new standards, revisions of tentative 
standards, and tentative revisions of 
standards as well as a number of emer- 
gency proposals in order to meet the 
needs of the present situation. This 
has meant that the E-10 procedure for 
approval of tentative standards and 
revision of existing tentative standards 
has been used to an extent seldom, if 
ever, exceeded in past years and added 
to this has been the consideration and 
acceptance of over sixty proposals of 
an emergency nature. These latter 
fall under the procedure established by 
the Executive Committee for setting up 
emergency alternate provisions or com- 
plete emergency standards in the interest 
of expediting procurement or of con- 
serving materials during the period of 
National Emergency. Under this pro- 
cedure, emergency alternates, which 
have been approved by the appropriate 
subcommittee or subgroup of the spon- 
soring committee and have the endorse- 
ment of the chairman of the main com- 
mittee, may be submitted to Committee 
E-10 for approval for publication. Thus 
far, fifty such emergency provisions, one 
complete emergency alternate standard, 
and six emergency standards have been 
approved by Committee E-10. 

In view of this inordinate number of 
recommendations coming to Committee 


E-10 for action, two meetings have been 
held during the year rather than the 
usual single meeting. These have been 
held in Philadelphia, Pa. on August 25, 
1941, and on April 6, 1942. In addition, 
a great number of recommendations 
have been acted upon by letter. 

At the August meeting, J. R. Town- 
send was elected chairman of Com- 
mittee E-10 to serve until June, 1942. 
The membership on Committee E-10 
of R. P. Anderson and H. S. Mattimore 
expired last year. The Executive Com- 
mittee appointed R. D. Bonney of 
Congoleum-Nairn, Inc. and F. H. Jack- 
son of the Public Roads Administration 
to serve as members of Committee E-10 
for a three-year term, expiring in 1944. 


Review or A.S.T.M. STANDARDIZATION 
ACTIVITIES 


A summary of the new and revised 
tentative standards submitted at the 
1941 annual meeting was included in the 
August issue of the ASTM BUuLLetIN 
together with a review of the standard- 
ization work of the various committees, 
with statements concerning new stand- 
ards in prospect. Much of the informa- 
tion, particularly with respect to 
standardization projects under develop- 
ment in committees, is furnished by the 
standing committees subsequent to the 
annual meeting and takes advantage of 
the fact that many committees plan 
their next year’s work at committee 
meetings held during the annual meeting. 

At the present writing, it is possible 
to make only a preliminary estimate in 
terms of new and revised standards of 
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the volume of standardization work 
accomplished during the year and re- 
ported to the Society at this meeting. 
The reports of standing committees to 
be presented at the annual meeting 
include recommendations to the Society 
substantially as follows: 


New tentative standards................. 55 
_ Revisions of existing tentative standards... 50 
Tentative revisions of existing standards... 14 
Tentative standards recommended for adop- 
63¢ 

Revisions of existing standards recommended 

for adoption as standard............... 86 
Standards and tentative standards withdrawn 


@ Of these 63 tentative standards being adopted 6 are 
being added to existing standards. 


‘There are at present 650 standards and 
- 399 tentative standards of the Society, 

making a total of 1049, and if the above 
recommendations are approved this total 
become 1085. 


_ CONSIDERATION OF NEW AND REVISED 
STANDARDS 


; Proposed new standards accepted by 
- Committee E-10 and published as tenta- 
during the year are as follows: 


Tentative Specifications for: rer 
Atomic-Hydrogen-Arc-Welded and_ Electric- 
Resistance-Welded Alloy-Steel Boiler and 


Superheater Tubes (A 249 - 41 T), submitted 

: by Committee A-1 on Steel, 

Electric-Resistance-Welded Carbon - Molyb- 

denum Alloy-Steel Boiler and Superheater 
Tubes (A 250-41 T), submitted by Com- 
mittee A-1, 

Iron and Steel Gas Welding Rods (A 251 - 42 
T), submitted by Committee A-1, 

Welded and Seamless Steel Pipe Piles (A 252 - 
42 T), submitted by Committee A-1, 

Nickel Rods and Bars (B 160 —- 41 T), submitted 
by Committee B-2 on Non-Ferrous Metals 
and Alloys, 

Nickel Cold-Drawn Pipe and Tubing (B 161 - 
41 T), submitted by Committee B-2, 

Nickel Plate, Sheet, and Strip (B 162-41 T), 
submitted by Committee B-2, 

Nickel, Nickel-Copper Alloy, and Nickel- 
Chromiim-Iron Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 163-41 T), 
submitted by Committee B-2, 
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Nickel-Copper Alloy Rods and Bars (B 164- 
41 T), submitted by Committee B-2, 

Nickel-Copper Alloy Cold-Drawn Pipe and 
Tubing (B 165-41 T), submitted by Com- 
mittee B-2, 

Nickel-Chromium-Iron Alloy Rods and Bars 
(B 166-41T), submitted by Committee 
B-2, 

Nickel-Chromium-Iron Alloy Cold-Drawn Pipe 
and Tubing (B167-41T), submitted by 
Committee B-2, 

Nickel-Chromium-Iron Alloy Plate, Sheet, and 
Strip (B 168-41T), submitted by Com- 
mittee B-2, 

Oxygen-Free Electrolytic Copper Wire Bars, 
Billets, and Cakes (B 170-42 T), submitted 
by Committee B-2, 

Phosphor Bronze Rods, Bars, and Shapes (B 
139 —- 41 T), submitted by Committee B-5 on 
Copper and Copper Alloys, Cast and Wrought, 

Phosphor Bronze Wire (B 159-41 T), sub- 
mitted by Committee B-5, 

Aluminum Bronze Sheet and Strip (B 169 - 41 
T), submitted by Committee B-5, 

Copper-Alloy Condenser Tube Plates (B 171 - 
42 T), submitted by Committee B-5, 

Slow-Setting Emulsified Asphalt (for Fine 
Aggregate Mixes) (D 631-41 T), submitted 
by Committee D-4 on Road and Paving 
Materials, 

Sodium Chloride (D 632 - 41 T), submitted by 
Committee D-4, 

Molds for Test Specimens of Molding Materials 
Used for Electrical Insulation (D 647 - 41 T), 
submitted by Committee D-9 on Electrical 
Insulating Materials, 


Tentative Methods of: 


End-Quench Test for Hardenability of Steel 
(A 255-42 T), submitted by Committee 
A-1 on Steel, 

Chemical Analysis of Soda-Lime Glass (C 169 - 
41 T), submitted by Committee C-14 on Glass 
and Glass Products, 

Test for Compressive Strength of Natural 
Building Stone (C 170-41 T), submitted by 
Committee C-18 on Natural Building Stones, 

Conditioning of Paperboard, Fiberboard, and 
Paperboard Containers for Testing (D 641 - 
41 T), submitted by Committee D-6 on 
Paper and Paper Products, 

Compression Testing of Corrugated and Solid 
Fiber Boxes (D 642-417), submitted by 
Committee D-6, 

Test for Folding Endurance of Paper (D 643 - 
41 T), submitted by Committee D-6, 

Test for Moisture in Paper and Paper Products 
(D 644-41T), submitted by Committee 
D-6, 
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Test for Thickness of Paper (D 645-41 T), 
submitted by Committee D-6, 

Test for Basis Weight of Paper and Paper 
Products (D 646 - 41 T), submitted by Com- 
mittee D-6, 

Test for Product Uniformity of Phenolic Lami- 
nated Sheets (D 634-417), submitted by 
Committee D-9 on Electrical Insulating 
Materials, 

Testing Molded Materials Used for Electrical 
Insulation (D 48-41 T), submitted by Com- 
mittee D-9, 

Test for Distortion Under Heat of Molded 
Electrical Insulating Materials (D 648-41 
T), submitted by Committee D-9, 

Test for Compressive Strength of Electrical 
Insulating Materials (D649-41T), sub- 
mitted by Committee D-9, 

Test for Flexural Strength of Electrical Insulat- 
ing Materials (D 650-41 T), submitted by 
Committee D-9, 

Test for Tensile Strength of Electrical Insulat- 
ing Materials (D 651-41 T), submitted by 
Committee D-9, 

Test for Impact Resistance of Plastics and Elec- 
trical Insulating Materials (D 256-41 TT), 
submitted jointly by Committee D-9 and 
Committee D-20 on Plastics, 

Measuring Mica Stampings Used in Electronic 
Devices and Incandescent Lamps (D 652 - 
41 T), submitted by Committee D-9, 

Testing Asphalt Composition Battery Con- 
tainers (D 639-41 T), submitted by Com- 
mittee D-11 on Rubber Products, 

Sampling and Testing Rubber Latex (D 640- 
41 T), submitted by Committee D-11, 

Test for Flammability of Plastics Over 0.050 
in. in Thickness (D 635-41 T), submitted 
by Committee D-20 on Plastics, 

Test for Diffusion of Light by Plastics (D 636 - 
41 T), submitted by Committee D-20, 

Test for Surface Irregularities of Flat Trans- 
parent Plastic Sheet (D637-41T), sub- 
mitted by Committee D-20, 

Tension Testing of Plastics (D 638-41 T), 
submitted by Committee D-20, 

Chemical Analysis of Aluminum, Columbium, 
and Lead in Steel (E 30-417), submitted 
by Committee E-3 on Chemical tal of 


Metals, 

Terms Relating to Lime (C 51 
mitted by Committee C-7 on Lime, 

Terms and Symbols Relating to Soil Mechanics 
(D 653-42 T), submitted by Committee 


D-18 on Soils for Engineering Purposes, and 


-41T), sub- 
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Volume Correction Table for Tar and Coal-Tar 
Pitch (D 633-41 T), submitted jointly by 
Committee D-4 on Road and Paving Materials 
and Committee D-8 on Bituminous Water- 
proofing and Roofing Materials. 


Revisions of the following tentative 
standards and tentative revisions of 
standards were accepted by Committee 
E-10: 


Tentative Specifications for: 


Iron and Steel Arc-Welding Electrodes (A 233 
-42T), submitted by Committee A-1 on 
Steel, 

Electrolytic Cathode Copper (B 115-41 T), 
submitted by Committee B-2 on Non-Ferrous 
Metals and Alloys, 

Nickel-Copper Alloy Plate, Sheet, and Strip 
(B 127 — 41 T), submitted by Committee B-2, 

Beryllium-Copper Alloy Rods, Bars, Sheet, 
Strip, and Wire (B 120-41 T), submitted 
by Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, 

Building Brick (Made from Clay or Shale) (C 62 
-41T), submitted by Committee C-15 on 
Manufactured Masonry Units, 

Crushed Stone for Bituminous Macadam Base 
and Surface Courses (D192-41T), sub- 
mitted by Committee D-4 on Road and Pav- 
ing Materials, 

Standard Sizes of Coarse Aggregate for Highway 
Construction (D448-—41T), submitted by 
Committee D-4, 

Crushed Slag for Bituminous Macadam Base 
and Surface Courses (D487-41T), sub- 
mitted by Committee D-4, 

A.S.T.M. Thermometers (E1-41T),  sub- 
mitted by Committee E-1 on Methods of 
Testing, 


Tentative Methods of: 


Test for Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate (C 88 - 
41 T), submitted by Committee C-9 on Con- 
crete and Concrete Aggregates, 

Sampling Bituminous Materials (D 140 —- 41 T), 
submitted by Committee D-4 on Road and 
Paving Materials, 

Sampling and Testing Untreated Paper Used 
in Electrical Insulation (D 202 -41T), sub- 
mitted by Committee D-9 on Electrical Insu- 
lating Materials, 

Test for Thickness of Solid Electrical Insulation 
(D 374-417), submitted by Committee 
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Test for Power Factor and Dielectric Constant 
of Natural Mica (D 351-42 T), submitted 
by Committee D-9, 

Chemical Analysis of Rubber Products (D 297 
-41T), submitted by Committee D-11 on 
Rubber Products, 

Test for Resistance of Plastics to Chemical 
Reagents (D 543 —- 41 T), submitted by Com- 
mittee D-20 on Plastics, 

Impact Testing of Metallic Materials (E 23 - 
41 T), submitted by Committee E-1 on 
Methods of Testing, 


Standard Specifications for: 


Lake Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars (B 4-27), submitted 
by Committee B-2 on Non-Ferrous Metals 
and Alloys, 

Electrolytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (B 5-27), 
submitted by Committee B-2, 

Phosphor Bronze Sheet and Strip (B 103 - 40), 
submitted by Committee B-5 on Copper and 
Copper Alloys, Cast and Wrought, 

Clay Sewer Pipe (C 13-40), submitted by 
Committee C-4 on Clay Pipe, 

Lightweight Aggregates for Concrete (C 130- 
39), submitted by Committee C-9 on Con- 
crete and Concrete Aggregates, 

A.S.T.M. Thermometers (E 1 — 39), submitted 
by Committee E-1 on Methods of Testing, 


Standard Methods of: 


Making and Storing Compression Test Speci- 
mens of Concrete in the Field (C 31-39), 
submitted by Committee C-9 on Concrete 
and Concrete Aggregates, 

Test for Compressive Strength of Concrete 
(C 39-39), submitted by Committee C-9, 

Securing Specimens of Hardened Concrete from 
the Structure (C 42 — 39), submitted by Com- 
mittee C-9, 

Test for Compressive Strength of Concrete 
Using Portions of Beams Broken in Flexure 
(Modified Cube Method) (C 116-39), sub- 
mitted by Committee C-9, 

Test for Specific Gravity and Absorption of 
Fine Aggregate (C 128-39), submitted by 
Committee C-9, 

Test for Specific Gravity and Absorption of 
Coarse Aggregate (C 127 - 39), submitted by 
Committee C-9, 

Test for Ductility of Bituminous Materials 
(D 113 - 39), submitted by Committee D-4 
on Road and Paving Materials, 

Chemical Analysis of Calcium Chloride (D 
345 — 34), submitted by Committee D-4, and 
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Testing Shellac Used for Electrical Insulation 
(D 411-40), submitted by Committee D-9 
on Electrical Insulating Materials. 


Actions UNDER EMERGENCY PROCEDURE 


As indicated above, quite a few 
standing committees submitted recom- 
mendations to Committee E-10 under 
the Society’s emergency procedure. 
These are listed below under emergency 
alternate provisions, emergency alter- 
nate specifications, and emergency stand- 
ards. The emergency alternate provi- 
sions are issued in the form of stickers 
printed on pink paper for attachment 
to the standards in question. Each one 
bears a prefatory note reading as follows: 


These Emergency Alternate Provisions are 
issued by the American Society for Testing 
Materials in accordance with a special procedure 
in the interest of expediting procurement or con- 
servation of materials during the period of 
National Emergency. They are intended for 
use where they may be considered by the pur- 
chaser of the material as a permissible alternate 
for the specific application or use desired. 


The complete alternate specifications 
and new emergency standards are simi- 
larly published on pink stock to indicate 
their emergency nature and have a 
similar prefatory note. 


EMERGENCY ALTERNATE PROVISIONS 


Thus far fifty emergency alternate 
provisions have been accepted by Com- 
mittee E-10 as follows: 


Designation Emergency Alternate Provisions in Com- 
mittee 
Standard Specifications for: 
EA-Al Carbon-Steel Rails A-1 
EA-A 26 Steel Tires (A 26 — 39) A-1 
EA-A27  Carbon-Steel Castings for Miscella- A-1 
neous Industrial Uses (A 27 - 39) 
EA-A67 Steel Tie Plates (A 67 — 33) A-1 
EA-A87  Carbon-Steel and Alloy-Steel Castings A-1 
* for Railroads (A 87 - 36) 
EA-A148 Alloy-Steel Castings for Structural A-1 
tural .— (A 148 - 36) 
EA-A 160 Axle-Steel Bars for Concrete Rein- A-1 
forcement (A 160 - 39) 
EA- A 194 Carbon and Alloy-Steel Nuts for Bolts A-1 
tie for High-Pressure and High-Tem- 
Tb) perature Service to 1100 F. (A 194 - 


40) 
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Designation Emergency Alternate Provisions in Com- 
mittee 


EA-A 215 


EA -A 227 
EA - A 229 
EA - A 230 
EA-A 241 
EA - A 167 


EA -A 177 


EA - A 240 


EA -B 23 


EA-B 60 


EA-B 62 
EA-D 82 
EA-D27 
EA - D 353 
EA - D 469 


EA - D 455 
EA - D 496 
EA - D 498 
EA - D 499 


EA - D 533 
EA - D 535 


EA-A 183 


EA-A 216 


EA-A 217 


EA -B 158 
EA-B 32 
EA-B 30 
EA -B 143 
EA-B 144 
EA -B 145 


EA-B 146 
EA -B 148 
EA -B 85 
EA -B 86 
EA - D 224 

-D 249 


Carbon-Steel Castings Suitable for 
Fusion Welding for Miscellaneous 
Industrial Uses (A 215 - 41) 


Hard-Drawn Steel Spring Wire 
(A 227 - 41) 
Oil-Tempered Steel Spring Wire 
(A 229 - 41) 


Outen Steel Valve Spring Quality 


ire 
Hot-Worked High-Carbon Steel Tie 
Plates (A 241 - 41) 


Corrosion-Resisting Chromium-Nickel 
Steel Sheet, Strip, and Plate 
(A 167 - 41) 


-Strength Corrosion-Resisting 

hromium-Nickel Steel Sheet and 
Strip (A 177 - 39) 

Corrosion-Resisting 
Steel Sheet hs late for 
Fusion-Welded 
Vessels (A 240 - 41) 

White Metal Bearing Alloys (Known 
Commercially as “Babbitt Metal’’) 
(B 23 - 26) 

Castings of the Alloy: Copper 88 per 
cent, = 8 per cent, Zinc 4 per cent 
(B 60 - 41) 

Composition Brass or Ounce Metal 
Castings (B 62 - 41) 

Basic Sulfate White Lead (D 82 - 41) 

Insulated Wire and Cable: Class AO, 
30 per cent Hevea Rubber Com- 
pound (D 27 - 41) 

Insulated Wire and Cable: Perform- 
— Rubber Compound (D 353- 


Pa Wire and Cable: Heat- 
Resisting Rubber Compound 
(D 469 — 41) 


Milled Toilet Soap = 455 — 39) 

Chip Soap (D 496 — 39) 

Powder Soap (Nonalkaline Soap 
Powder) (D 498 — 39) 

bat Floating Toilet Soap (D 499 - 


Built Soap, Powdered (D 533 - 41) 
Palm Oil Solid Soap (Type A, Pure; 
pe B, Blended) (D 535 - 41) 
Heat- PTreated Carbon- and Alloy- 
Sue Track Bolts and Nuts (A 183 - 


) 

cuban! Steel Castings Suitable for 

Fusion Welding for Service at Tem 
ratures up to 850 F. (A 216 - 41 T) 

Alloy-Steel Castings Suitable for Fu- 
sion Welding for Service at Tem- 
peratures from 750 to 1100F. 
(A 217 - 41 T) 

Rope-Lay-Stranded and Bunch- 
Stranded Copper Cables for Elec- 
trical Conductors (B 158 - 41 T) 

Soft Solder Metal (B 32 - 40 T) 

Copper-Base Alloys in Ingot Form 
for Sand => (B 30 - 41 T) 

Tin-Bronze and Leaded Tin-Bronze 
Sand Castings (B 143 - 41 T) 

144 
Lon ied Red Brass and Leaded Semi 
_= Brass Sand Castings (B 145 - 


41 T) 

Leaded Yellow Brass Sand Castings 
for General Purposes (B 146 - 41 T) 

Aluminum-Bronze Sand Castings 
(B 148 - 41 T) 

Aluminum-Base Alloy Die Castings 
(B 85 - 39 T) 

Pacaon Alloy Die Castings (B 86 - 


4 
Asphalt Roofing Surfaced with Pow- 
ered Talc or Mica (D 224 - 41 T) 
— Roofing Surfaced with 
fineral Granules (D 249 - 41 T) 


A-l 
A-1 
A-l 
A-10 


A-10 


A-10 


B-2 


B-5 


B-5 
B-5 


B-5 
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Designation Emergency Alternate Provisions in hia 


EA-D 532 Rubber Sheath Compound for ae Dai 11 
trical Insulated Cords and Cables 
(D 532 - 39 T) 

Insulated Wire and Cable: Ozone- 
Type Insulation (D 574 - 


Palm Oil Chip Soap (Type A, Pure; D-12 
Type B, Blended) (D 536 - 41 T) 


EA - D 574 


EA - D 536 


EA - D 592 on Oil Solid Soap (Type A, Pure; D-12 
B, Blended) (D592 - 41 T) 

EA - D 593 Sali ater Soap (D 593 - 40 T) D-12 

EA - D 630 Olive Oil Chip Soa 


(Type A, Pure; D-12 
Type B, Blended) (D 630 - 41 T) 


EMERGENCY ALTERNATE SPECIFICATIONS 


One complete emergency alternate 
standard has been accepted by Com- 
mittee E-10, namely, Emergency Alter- 
nate Specifications for Portland Cement 
(EA —-C 150), submitted by Committee 
C-1. 

EMERGENCY STANDARDS 


Six emergency standards have been 
accepted by Committee E-10 as follows: 


Emergency Specifications for: 

Carbon-Chromium Ball and Roller Bearing 
Steels (ES-—5), 

Hot-Dip Lead Coating on Iron and Steel Hard- 
ware (ES- 2), submitted by Committee A-5 
on Corrosion of Iron and Steel, 

Lead-Coated and Lead-Alloy-Coated Copper 
Wire for Electrical Purposes (ES-—1), sub- 
mitted by Committee B-1 on Copper and 
Copper Alloy Wires for Electrical Conductors, 

Rubber Sheath Compound for Electrical In- 
sulated Cords and Cables Where Extreme 
Abrasion Resistance is not Required (ES - 6), 
submitted by Committee D-11 on Rubber 
Products, 

Emergency Method for Conducting Salt Spray 
Tests on Organic Protective Coatings (ES 
— 3), submitted by Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products, and 

Emergency Standard Hardness Conversion 
Table for Cartridge Brass (ES — 4), submitted 
by Committee E-1 on Methods of Testing. 


The Emergency Specifications for 
Carbon-Chromium Ball and Roller Bear- 
ing Steels (ES — 5) were referred directly 
to Committee E-10 by the Executive 
Committee of the Society upon their 
preparation by the Bearing Steel 
Section functioning under the NESS 
project of the War Production Board. 
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_ This section, under the chairmanship 
of L. A. Lanning, New Departure 
_ Division, General Motors Corp., is a 


subcommittee of the important NESS 
Technical Advisory Committee on Car- 
bon and Alloy Steel Bars, Blooms, and 
Billets, and includes in its personnel 
leading metallurgists and technical men 
representing industrial consumers and 
general interests from the roller bearing 
and ball bearing fields, and steel pro- 
ducers. It was organized basically along 
the same lines as an A.S.T.M. group, 
that is, of producers, consumers, and 
general interests, and the S.A.E. and 
the A.I.S.I., co-sponsors with A.S.T.M. 
of the NESS project, agreed that the 
A.S.T.M. was the logical one of the 
sponsors to promulgate the specifications. 
They were submitted to Committee E-10 
on the basis of the manner in which they 
had been developed and the considera- 
tions that had entered into their develop- 
ment, and subsequent to approval by 
Committee E-10, the specifications were 
referred to Committee A-1 on Steel in 
case that committee should wish to 
include specifications for this material 
in its standardization program. The 
latter committee will discuss the specifi- 
cations during the annual meeting and 
if a decision is reached to sponsor similar 
A.S.T.M. standards, a subcommittee 
_ will undoubtedly be appointed to be 
responsible for such specifications. 


PROMOTION AND EXPANSION OF 
STANDARDIZATION ACTIVITIES 


As might well be expected in view of 
the activities in other directions, very 
little thought has been given to expan- 
sion of the Society’s standardization 
activities -along new lines. The com- 
mittee has felt that the time is not 
particularly opportune for undertaking 
any new work in view of the pressure 
under which most individuals 
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working in connection with war activi- 
ties. The committee still has before it 
several proposals that have been made 
from time to time as for example the 
work on adhesives and waxes and con- 
sideration will be given to these topics 
at the appropriate time. 


RELATIONS WITH THE AMERICAN 
STANDARDS ASSOCIATION 


Standards Submitted Under Existing 
Standards and Proprietary Procedure.— 
The existing standards method for sub- 
mitting standards to the American 
Standards Association whereby it is 
necessary to show that the standard is 
supported by the necessary consensus of 
those substantially concerned with its 
scope and provisions, is particularly ap- 
propriate for a large number of A.S.T.M. 
standards. Under this procedure, the 
following specifications and methods 
have been approved during the year by 
the ASA as American standard: Bale 


Standard Specifications for: 


Calcined Gypsum for Dental Plasters (C 72 - 
40; ASA A65.1-1941), 

Keene’s Cement (C 61-40; A66.1-1941), 

Gypsum Lath (C 37 —- 40; A67.1-1941), 

Gypsum Sheathing Board (C 79-34; A68.1- 
1941), 

Gypsum Wall Board (C 36-34; A69.1-1941), 

Concrete Masonry Units for Construction of 
Catch Basins and Manholes (C 139-39; 
A73.1-1942), 

Structural Clay Load-Bearing Wall Tile (C 34 - 
41; A74.1-1942), 

Concrete Building Brick (C55-37; A75.1- 
1942), 

Structural Clay Non-Load-Bearing Tile (C 56 
-41; A76,1-1942), 

Structural Clay Floor Tile (C 57 - 39; A77.1- 
1942), 

Sand-Lime Building Brick (C 73-39; A78.1- 
1942), 

Hollow Load-Bearing Concrete Masonry Units 
(C 90 — 39; A79.1-1942), 

Hollow Non-Load-Bearing Concrete Masonry 
Units (C 129 — 39; A80.1-1942), 

Solid Load-Bearing Concrete Masonry Units 
(C 145 — 40; A81.1-1942), 

Gray Iron Castings (A 48 - 41; G25.1-1942), 
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Cast-Iron Culvert Pipe (A 142-38; G26.1- 
1942), 

Lightweight and Thin-Sectioned Gray-Iron 
Castings (A 190 —- 40; G27.1-1942), 

Boiler Rivet Steel and Rivets (A 31-40; 
G28.1-1942), 

Carbon-Steel Plates for Stationary Boilers and 
Other Pressure Vessels (A 70-39; G29. 1- 
1942), 

Low Tensile Strength Carbon-Steel Plates of 
Flange and Firebox Qualities (A 89-39; 
G30.1-1942), 

Carbon-Silicon Steel Plates of Ordinary Tensile 
Ranges for Fusion-Welded Boilers and Other 
Pressure Vessels (A 201-39; G31.1-1942), 

Chrome-Manganese-Silicon (CMS) Alloy-Steel 
Plates for Boilers and Other Pressure Vessels 
(A 202 — 39; G32.1-1942), 

Low-Carbon Nickel-Steel Plates for Boilers 
and Other Pressure . Vessels (A 203 - 39; 
G33.1-1942), 

Molybdenum-Steel Plates for Boilers and Other 
Pressure Vessels (A 204 — 39; G34.1-1942), 
High-Tensile Strength Carbon-Silicon Steel 
Plates for Boilers and Other Pressure Vessels 
(Plates 4} in.and Under in Thickness) (A 212- 

39; G35.1-1942), 

Alloy-Steel Castings for Valves, Flanges, and 
Fittings for Service at Temperatures from 750 
to 1100 F. (A 157 — 41; G36.1-1942), 

Forged or Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
Service at Temperatures from 750 to 1100 F. 
(A 182 — 40; G37.1-1942), 

Carbon and Alloy-Steel Nuts for Bolts for High- 
Pressure and High-Temperature Service to 
1100 #. (A 194 — 40; G38.1-1942), 

Structural Steel for Locomotives and Cars 
(A 113 - 39; G39.1-1942), 

Low Tensile Strength Carbon-Steel Plates of 
Structural Quality for Welding (A 78 — 40; 
G40.1-1942), 

Structural Silicon Steel (A 94 — 39; G41.1-1942), 

High-Strength Structural Rivet Steel (A 195 - 
41; G42.1-1942), 

Axle-Steel Bars for Concrete Reinforcement 
(A 160 - 39; G43.1-1942), 

Fabricated Steel Bar or Rod Mats for Concrete 
Reinforcement (A 184 — 37; G44.1-1942), 

Welded Steel Wire Fabric for Concrete Rein- 
forcement (A 185 - 37; G45.1-1942), 

Malleable Iron Castings (A 47-33; G48.1- 
1942), 

Cupola Malleable Iron (A 197-39; G49.1- 
1942), 

Basic Sulfate White Lead (D 82-41; K47- 
1941), 

Blue Lead; Basic Sulfate (D 405-41; K48- 
1941), 
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C.P. Para Red Toner (D 475 - 41; K49-1941), 

C.P. Zinc Yellow (Zinc Chromate) (D 478 — 41; 
K50-1941), 

Textile Testing Machines (D 76-41; 
1942), 


L15.1- 


Standard Methods of: 


Testing Gypsum and Gypsum Products (C 26 - 
40; A70.1-1941), 

Sampling and Testing Brick (C 67 
1942), 

Sampling and Testing Structural Clay Tile 
(C 112 - 36; A83.1-1942), 

Sampling and Testing Concrete Masonry Units 
(C 140 - 39; A84.1-1942), 

Sample Preparation for Physical Testing of 
Rubber Products (D15-41; Ji.1-1942), 

Tension Testing of Vulcanized Rubber (D 412 - 
41; J2.1-1942), 

Test for Adhesion of Vulcanized Rubber (Fric- 
tion Test) (D 413 — 39; J3.1-1942), 

Test for Accelerated Aging of Vulcanized Rub- 
ber by the Oxygen-Pressure Method (D 572 - 
41; J4.1-1942), 

Test for Accelerated Aging of Vulcanized Rub- 
ber by the Oven Method (D 573 - 41; J5.1- 
1942), 

Test for Alkalinity or Acidity of Pigments 
(D 278 - 31; K51-1941), 

Test for Bleeding of Pigments (D 279-31; 
K52-1941), 

Test for Hygroscopic Moisture (and Other Mat- 
ter Volatile Under the Test Conditions) in 
Pigments (D 280 — 33; K53-1941), 

Test for Oil Absorption in Pigments (D 281 - 
31; K54-1941), 

Test for Acetone Extract in Dry Lampblack and 
Dry Bone Black (D 305-31; K55-1941), 

Test for Tinting Strength of White Pigments 
(D 332 — 36; K56-1941), 

Test for Mass Color and Tinting Strength of 
Color Pigments (D 387 — 36; K57-1941), 

Chemical Analysis of Yellow and Orange Pig- 
ments Containing Chromium Compounds, 
Blue Pigments, and Chrome Green (D 126- 
36; K58-1941), 

Chemical Analysis of Dry Mercuric Oxide 
(D 284 - 33; K59-1941), and 

Testing Wool Felt (D 461-40; L16.1-1942). 


— 41; A82.1- 


The Society has been granted pro- 
prietary sponsorship for the revisions of 
standards approved under the existing 
standards method and, functioning as 
proprietary sponsor, has submitted to 
the ASA during the year revisions of the 
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following standards, all of which have 
been approved: 


Standard Specifications for: 


Gypsum (C 22-41; ASA A49,1-1941), 
__ Carbon- -Steel Castings for Valves, Flanges, and 
Fittings for High-Temperature Service (A 95 - 
G17.1-1942), 


inc Oxide (D 79 - 41; K22-1941), 


Basic Carbonate White Lead (D 81-41; 
K23-1941), 

Red Lead (D 83 41; K24-1941), 

- Mineral Iron Oxide (D 84 - 41; K25-1941), 

Lampblack (D 209 41; K26-1941), 

_ Chrome Yellow (D 211 - 41; K27-1941), 

- Reduced Chrome Green (D 213-41; 

1941), 


Prussian Blue (D 261 


K28- 


41; K29-1941), 


_ Chrome Oxide Green (D 263 - 41; ‘K3I- 1941), 
Titanium Dioxide Pigments D476 1; K45- 
1941), and 

Standard Methods of: 


Testing and Tolerances for Tubular Sleeving 
and Braids (D 354 — 41; L13.1-1942). 


Standards Submitted Under Sectional 
Committee Procedure—Reports were re- 
ceived from several of the sectional com- 
mittees for which the Society is sponsor, 

_ gubmitting standards to the ASA for 
approval. These reports were trans- 
mitted to that association and the fol- 
lowing standards have been approved for 
the first time or reapproved in revised 
form during the year as American 
standard: 


On the Recommendation of Sectional Committee 
B36 on Standardization of Dimensions and Mate- 
gials of Wrought-Iron and Wrought-Steel Pipe 
and Tubing: 

Specifications for Lap-Welded and Seamless 
Steel Pipe for High-Temperature Service 
(A 106 - 41; ASA B36.3-1942). 

On the Recommendation of Sectional Committee 
C59 on Electrical Insulating Materials: 
Specifications for Electrical Gloves (Voltage 

Rating of Gloves — 3000 Volts) (D 120-40; 

C59.12-1942). 

On the Recommendation of Sectional Committee 
H4 on Copper Wire: 

Specifications for Soft or Annealed Copper Wire 
(B 3- 41; H4.1-1942), and oth 
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Specifications for Hot-Rolled Copper Rods for 
Electrical Purposes (B 49-41; H4.7-1942). 
On the Recommendation of Sectional Committee 

Z11 on Petroleum Products and Lubricants: 

Method of Test for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue) (D 189 
—41; Z11.25-1941), 

Method of Test for Distillation of Gas Oil and 
Similar Distillate Fuel Oils (D 158-41; 
Z11.26-1941), 

Method of Test for Distillation of Crude Petro- 
leum (D 285-41; Z11.32-1941), 

Method of Test for Distillation of Plant Spray 
Oils (D 447 — 41; Z11.43-1941), 

Method of Test for Vapor Pressure of Petro- 
leum Products (Reid Method) (D 323-41; 
Z11.44-1941), 

Method for Calculating Viscosity Index (D 567 - 
41; Z11.45-1941), and 

Method for Conversion of Kinematic Viscosity 
to Saybolt Universal Viscosity (D 446-39; 
Z11.46-1941). 


On the recommendation of Sectional 
Committee Al on Specifications for 
Portland Cement, the approval as Ameri- 
can standard of the following obsolete 
standards was withdrawn by the ASA: 


Specifications for Portland Cement (C9 — 30; 
Ala-1931), and 

Methods of Testing Cement (C 77 
1933). 


32; A1.2- 


On the recommendation of Sectional 
Committee Z11 on Petroleum Products 
and Lubricants, the approval as Ameri- 
can standard of the following standard, 
which has been revised and reverted to 
tentative, has been withdrawn by the 
ASA: 


Method of Test for Knock Characteristics of 
Motor Fuels (D 357 - 40; Z11.37-1940). 


SECTIONAL COMMITTEES ORGANIZED 


In order to coordinate the work on 
colorfastness, a new Sectional Com- 
mittee L14 on Fastness of Colored 
Textiles was organized during the past 
year under the procedure of the Ameri- 
can Standards Association. The So- 
ciety is serving with the American Asso- 
ciation of Textile Chemists and Colorists 
as joint sponsor of this committee and is 
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represented thereon by A. G. Ashcroft 
and W. M. Scott with R. E. Hess as 
alternate. 

A new Sectional Committee A51 on 
Building Code Requirements for Fire 
Protection and Fire Resistance, recently 
organized under the procedure of the 
American Standards Association, is also 
of interest to the A.S.T.M. The Society 
has accordingly appointed H. M. Robin- 
son as representative and G. N. Thomp- 
son as alternate thereon. 

The reorganization of Sectional Com- 


mittee A37 on Road and Paving Ma- 
terials, mentioned in the 1941 report, 
has now been completed. The Society 
is sponsor of this committee and is 
represented thereon by E. F. Kelley, 
F. V. Reagel, and C. S. Reeve. 


Respectfully submitted on behalf of 
the committee, 
J. R. TOWNSEND, 
Chairman. 


C. L. WarRwIck, 
Ex-officio Secretary. 
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the promotion of knowledge of engineering materials. 
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The American Society for Testing Ma- 
terials defines gasoline as ‘“‘a refined 
petroleum naphtha which by its compo- 
sition is suitable for use as a carburant 
in internal combustion engines.’* ‘“‘Pe- 
troleum Naphtha” is defined as “a 
generic term applied to refined, partly 
refined or unrefined petroleum products 
and liquid products of natural gas not 
less than 10 per cent of which distills be- 
low 347 F. (175 C.) and not less than 95 
per cent of which distills below 464 F. 
(240 C.), when subjected to distillation 
in accordance with the Standard Method 
of Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petro- 
leum Products (A.S.T.M. Designation: 
D 86).” 

Broad definitions are difficult to draw 
and easy to find fault with. For the pur- 
pose of the following discussion, it is 
necessary to limit the field by inserting 
the words “‘spark ignition” before ‘‘in- 
ternal combustion engines” in the defini- 
tion of gasoline. 

The most important words in the defi- 
nition are these: “suitable for use . . . in 
internal combustion engines.” For the 
properties of gasoline are inseparably 
linked with the properties of the engine 

1 Read on June 24, 1942, before the Annual Meeting of 
the American Society for Testing Materials, Atlantic City, 
J *Tvice-President, and Director of Research, Ethyl Corp., 
New York, N.Y. 

3 Standard Definitions of Terms Relating to Petroleum 


(D 288-39), 1939 Book of A.S.T.M. Standards, Part III, 
p. 236. 


GASOLINE—PAST, PRESENT AND FUTURE 
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for which it is to be used. There are no 
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ideal properties of gasoline, except in so 
far as particular gasoline engines are 
concerned; and there are no ideal proper- 
ties of internal combustion engines except 
as related to the fuel which they are to 
use. The characteristics of the engine 
must be adapted to the characteristics 
of available gasoline, and the character- 
istics of gasoline must be modified to 
meet the needs of engines. The history 
of engines and fuels is filled with such 
adaptations and modifications. There- 
fore, any consideration of gasoline must 
involve the simultaneous consideration 
of engines, and in the following discus- 
sion this theme will recur a number of 
times. 


THE SPARK IGNITION INTERNAL 
CoMBUSTION ENGINE 


In its simplest form, that of a single- 
cylinder engine, the spark ignition inter- 
nal combustion engine is a heat engine, 
igniting a combustible mixture, and con- 
verting a portion of the heat into useful 
power. Gasoline for such an engine is 
“suitable” if it is sufficiently volatile to 
form an explosive mixture with air, and 
if its nature is such as to permit the mix- 
ture to burn “normally” in the engine, 
that is, without preignition or knock. 
The earliest engines were of this type, 
and a wide range of fuels was suitable 
for them. The gradual changes which 
have led to the multicylinder automo- 
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bile engine of today and the aircraft 
engine of today have imposed increasing 
restrictions upon those qualities which 
determine the suitability of gasoline for 
the enginesin question, and haveled tothe 
necessity of the development of a con- 
siderable number of tests designed to de- 
termine those properties of gasoline 
which make it “suitable” for the engine 
in which it is to be employed. The de- 
velopment and perfection of such tests 
is, of course, the province of the Ameri- 
can Society for Testing Materials, al- 
though in the case of gasoline, the 
A.S.T.M. and the Cooperative Fuel Re- 
search Committee have cooperated in 
many matters. 


Tue A.S.T.M. 
The A.S.T.M. has, so far, employed 


TESTS FOR GASOLINE 


the following tests for gasoline :* 
(1) Acid heat (D 481 — 39) v Tee nd 
(2) Color (D 156 — 38) Cer: 


(3) Distillation (D 86-40 and D 216 
~ 40) 
(4) Gravity (D 287 — 39) 
(5) Gum content (D 381 — 36) 
(6) Gum stability (D 525 — 41T) 
(7) Knock characteristics (D 357 - 
41T) and (D 614 - 41T) 
(8) Sulfur (free and _ corrosive) 
(D 130 — 30) 
(9) Sulfur (total) (D 90 — 34 T) 
(10) Tetraethyl lead (D 526 — 41 T) 
(11) Vapor pressure (D 323 — 41) 
(12) Flash point (D 56 — 36) 
(13) Viscosity. (D 446 - 39) and 
(D 445 39 T) 
It appears desirable to consider briefly 
the significance of some of these tests. 
Of these tests, those for acid heat, 
color, and gravity are of importance only 
for identification purposes and do not in 
themselves determine the suitability of 
gasoline for use in an internal combus- 


41939 Book of A.S.T.M. Standards, and the 1940 and 
1941 Supplements, Part III. 
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tion engine. There appears to be no 
reason to consider them in detail. 

The tests for gum content, gum stabil- 
ity, free and corrosive sulfur, and total 
sulfur are designed to detect and deter- 
mine the existence and amount of “im- 
purities” (or in one case, the tendency to 
form such impurities in storage) which 
might affect adversely the operations of 
the internal combustion engine. 

“Gum” is the term applied to the 
sticky or shellac-like residue which may 
be formed when a sample of gasoline is 
evaporated. Excessive amounts of it 
will cause sticking of valves and clogging 
of carburetor jets, and the gum content 
of gasoline must, therefore, be kept 
within narrow limits. The A.S.T.M. 
test for gum content (a rapid evapora- 
tion in a current of air, the residue being 
weighed) is believed to give results 
which will predict reasonably well the 
‘suitability of the gasoline for an automo- 
tive engine, as far as difficulties of 
operation are concerned. ‘‘Gum stabil- 
however, is quite another matter. 
Freshly distilled gasoline contains no 
_ gum but may contain unstable (usually 
olefinic or diolefinic) hydrocarbons, 
which through oxidation and polymeri- 
zation will form gum. The A.S.T.M. 
test for gum stability (essentially an ac- 
celerated storage test, in which the 
sample is heated at 100 C. under 100 lb. 
oxygen pressure, measurements being 
made of the drop in pressure with time, 
and of the gum formed by the end of the 
test) is an attempt to predict the rate 
and amount of gum formation in the 
gasoline under storage conditions. It 
cannot be said that the results of this test 
are entirely satisfactory. They distin- 
guish a relatively stable gasoline from a 
relatively unstable one, but they cannot 
be used to estimate with any accuracy 
the length of time in which a given gaso- 
line may be stored without formation of 
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actual storage data on gasoline of similar 
type. For this reason, the refiner usu- 
ally ‘‘plays safe” and adds to his gasoline 
gum inhibitors (usually oxidation inhibi- 
tors) in amounts more than adequate to 
provide reasonable storage life. It may 
be noted that the A.S.T.M. has so far not 
adopted any tests to determine the pres- 
ence, nature, or amounts of gum inhibi- 
tors in gasoline. Perhaps steps should 
be taken in this direction. 

Free or corrosive sulfur in gasoline is 
objectionable but easily controlled. 
Total sulfur (determined by burning a 
sample of gasoline in a lamp, and absorb- 
ing and determining the sulfuric acid 
thus formed) furnishes another illustra- 
tion of the close relationship between 
gasoline properties and automotive en- 
gine design. In the early days of the 
automobile, instances occurred of cor- 
roded crankshafts, wrist pins, etc., in 
gasolines of higher than average sulfur 
content. This was attributed to conden- 
sation of water in the crankcase during 
cold weather operation, and absorption 
of sulfuric acid in this water. As a re- 
sult, gasoline specifications invariably 
limited sulfur to 0.1 per cent, a limit 
which, in many cases, worked an eco- 
nomic hardship on the petroleum indus- 
try. With the introduction by the 
automotive industry some years ago of 
crankcase ventilation, minimizing con- 
densation of water, corrosion complaints 
due to sulfur in gasoline have practically 
disappeared, and the specification limits 
on sulfur have, in many cases, been either 
raised or abandoned. In fact, it seems 
today doubtful whether there is any rea- 
son for limiting the total sulfur in 
gasoline. 

The test for tetraethy] lead in gasoline 
is to determine the presence and amount 
of an additive commonly used to increase 
antiknock value. 

The tests having the greatest bearing 
on the suitability of gasoline for use in 
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internal combustion engines are those 
relating to volatility (distillation, vapor 
pressure) and those relating to knocking 
tendency. These deserve somewhat de- 
tailed consideration. 

Distillation: 

This test for gasoline involves a simple 
(nonfractionating) distillation of a 100- 
ml. sample in a glass flask equipped with 
thermometer and condenser. The data 
recorded are: 

(a) The temperature at which the 
first drop of distillate is observed (initial 
boiling point) ; (b) the volume of distillate 
condensed at oven temperature intervals 
of 10 C.; (c) the maximum temperature 
observed; (d) the total volume of distil- 
late recovered; (¢) the undistilled residue; 
(f) the difference between 100 ml. and 
the sum of (c) and (e), recorded as “‘dis- 
tillation loss.” 

There appears, at first sight, to be no 
reason to expect that such a simple dis- 
tillation test would give any accurate 
information on the vaporization charac- 
teristics of gasoline in an engine where 
the evaporation of the fuel is brought 
about in a current of air. However, 
many careful comparisons of A.S.T.M. 
distillation data with those involving 
evaporation in an air stream, and with 
actual car performance, have shown that 
nearly all important volatility character- 
istics of gasoline can be calculated from 
the simple distillation data. 

From these studies it has been found, 
for example, that the 10 per cent point, 
particularly in combination with the 
slope of the temperature — volume recov- 
ered graph, is related to the ease with 
which an engine may be started, particu- 
larly in cold weather; the lower the 10 
per cent point, the lower the temperature 
at which satisfactory starting will occur. 
The 90 per cent point is a good measure 
of the completeness with which gasoline 
may be expected to evaporate when used 
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in the automotive engine, and hence as a 
measure of possible dilution of the lubri- 
cating oil (crankcase dilution). The 
higher the 90 per cent point, the greater 
the tendency towards crankcase dilution. 
The 50 per cent point may be taken as a 
rough measure of the over-all average 
volatility of gasoline, relating to its ten- 
dency to evaporate sufficiently to give 
reasonable distribution among the cylin- 
ders at moderate speeds. Numerous ef- 
forts have been made to correlate other 
distillation data with the performance of 
the automobile engine under various 
operating conditions, but the three points 
noted above are the ones usually re- 
garded as most important, and these are 
the only ones usually included in gaso- 
line specifications. 

It may be pointed out that the impor- 
tance of the distillation characteristics of 
gasoline are largely determined by the 
fact that the automobile engine (and the 
aircraft engine) of today is a multicylin- 
der engine in which the fuel air mixture is 
obtained by means of a carburetor. If 
the fuel were supplied to the individual 
cylinders by direct injection instead of by 
a carburetor (as has been done in some 
aircraft engines), the. distillation char- 
acteristics of gasoline would be of much 
less importance, and the interpretation 
of the distillation data in terms of engine 
performance would be quite different— 
another illustration of the close relation- 
ship between the characteristics of the 


fuelandthoseoftheengine. 
Wy 
Vapor Pressure: 


The vapor pressure of gasoline is, like 
the 10 per cent point, related to ease of 


_ starting, but its greatest value is in evalu- 
ating (1) the tendency of gasoline to 


evaporate in storage or handling, and (2) 
the tendency to boil in the fuel system 
(in aircraft at high altitude, in the fuel 


tank as well) and cause interruption of 


gasoline flow to the engine (vapor lock). 
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The higher the vapor pressure, the 
greater the tendency to evaporate or to 
boil. 

We have here a good illustration of the 
fact that there are no ideal properties of 
gasoline. In general, the higher the 
vapor pressure, the lower the tempera- 
ture at which an automobile will start 
easily, but also the lower the tempera- 
ture of the fuel system must be to avoid 
vapor lock. The refiner, therefore, en- 
deavors to market a satisfactory com- 
promise, namely, a gasoline which will 
give easy starting at the lowest expected 
temperature and at the same time will 
not cause vapor lock at the highest ex- 
pected temperature of the fuel system. 
This obviously means that the volatility 
characteristics of the gasoline must be 
adjusted both seasonally and geographi- 
cally, and that they may be expected to 
change with changes made in the auto- 
mobile fuel system. 

In the very early days of gasoline, it 
was largely a waste product, kerosine 
being the product most indemand. Asa 
result, the earliest gasolines were ex- 
tremely volatile, as the refiner attempted 
to include in the kerosine fraction as low 
a boiling range as was possible without 
too low a flash point. With the tremen- 
dous demand for gasoline created by the 
automobile, however, it became neces- 
sary to “stretch” the gasoline fraction as 
far as possible, and as a result, gasoline 
became so involatile as to require the 
automobile engineer to equip his cars 
with “hot spots,” or heat on the manifold 
in some form, in order to achieve reason- 
able distribution of the fuel-air mixture 
among the cylinders. However, with 
the development of “cracking,” or the 
breaking down of the heavier constitu- 
ents of petroleum into lighter ones, it 
became technically and economically 
possible to increase still further yields of 
gasoline and at the same time to make 
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the volatility almost anything that might 
be desired. As a result, for the past fif- 
teen years, there has been a steady in- 
crease in the volatility of gasoline, the 
heatfon the manifold of the automobile 
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has gradually disappeared, and the auto- 
motive engineer has had the opposite 
problem, namely, that of decreasing his 
fuel line temperatures and modifying his 
carburetors to avoid vapor lock. 

Figures 1, 2, 3, and 4 show the trends 


in average motor gasoline volatility for 
the past fifteen years. They show a 
steady increase in over-all volatility, 
which appears, however, to be stabilizing 
somewhat during the past few years. 
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It will be noted that the changes which 
have occurred in the volatility of gaso- 
line have been very gradual changes. 
The very magnitude of the petroleum in- 
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dustry makes this inevitable. The im- 
provements in refining processes and in 
refining technique are usually made in 
small increments. And, even if some 
quite revolutionary process appears, it is 
generally some years before its adoption 
can be sufficiently w ‘espread to have a 
large affect on the ov.--all picture. 


Knocking Characteristics: 


It has been long known that the effi- 
ciency with which an internal combus- 
tion engine can convert the energy of 
combustion of gasoline into power is 
determined largely by the compression 
(more correctly expansion) ratio. The 
power which can be developed from an 
engine of a given size (swept volume) is 
determined partly by the compression 
ratio, but particularly by the density of 
the fuel-air charge. It has also been 
long known that from the standpoint of 
the automotive engineer, the extent to 
which he can increase either compression 
ratio or charge density (as by super- 
charging) is limited by the tendency 
shown in varying degrees by all fuels to 
undergo in the engine an abnormal type 
of combustion giving rise to power loss, 
and to such physical characteristics as 
high pitched sound waves and excessive 
temperatures. This abnormal combus- 
tion is generally known as “knock,” and 
many elaborate investigations have 
shown that it is an extremely rapid com- 
bustion of a portion of the fuel-air mix- 
ture occurring ahead of the normal flame 
front which originates at the spark and 
spreads across the cylinder at rapid but 
readily measurable rates. The cause of 
knock, and the many factors contribut- 
ing to it, are subjects which this paper 
must omit for lack of space. The ten- 
dency of gasoline to knock, is, therefore, 
perhaps the most important single prop- 
erty, as far as the ultimate development 
of the internal combustion engine is 
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The measurement of the knocking 
tendency of gasoline has been one of the 
most difficult problems confronting the 
A.S.T.M. It has been found impossible 
to measure this property satisfactorily 
by any method not utilizing an actual 
internal combustion engine; and even in 
an engine, all that is measured is the rela- 
tive knocking tendency of two feuls. It 
has, therefore, been necessary to develop 
engines equipped with suitable instru- 
mentation, and also standard fuels with 
whose knocking characteristics the un- 
known fuel can be compared. The 
A.S.T.M.-C.F.R. engine, developed after 
years of cooperative study, fills the first 
of these needs with reasonable satis- 
faction, and the second has been filled 
by the adoption of certain pure hydro- 
carbons varying widely in knocking 
characteristics. Actually, in practice, 
the gasoline sample is compared in the 
engine with various blends of n-heptane, 
and isooctane (2 ,2,4 trimethyl pentane) 
(or with secondary standards calibrated 
against these two hydrocarbons) until a 
blend has been found which equals the 
unknown sample in knocking tendency. 
The percentage of isooctane in this blend 
is then called the “‘octane number’”’ of the 
sample in question, pure isooctane being 
given arbitrarily an octane number of 100 
and pure heptane zero. 

Unfortunately, the entire problem is 
by no means solved by this procedure. 
The relative knocking tendency of two 
fuels may be, and frequently is, affected 
by almost every possible variable in- 
volved in the operation of an internal 
combustion engine. For this reason, the 
octane number determined as above has 
significance only for the specific engine 
and for the specific set of operating con- 
ditions selected. It is, therefore, neces- 
sary to attempt to select conditions 
which will reflect, as closely as may be 
practicable, the behavior of gasoline in 
the automobile and aircraft engines for 
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which they are to be used. This prob- 
lem has already been the subject of years 
of experiment and debate, and is much 
too involved for a detailed discussion in 
the present paper. Out of the welter of 
experiment and statistical survey have 
come four sets of conditions for knock 
testing, two for motor gasolines and two 
for aviation gasolines. At the present 
time, the best technical opinion con- 
cerning these tests may be summarized 
as follows: 

1. The standard A.S.T.M.-C.F.R. 
Method reflects fairly well the average 
road performance of conventional gaso- 
lines in the average automobile operating 
under rather severe conditions of load 
and speed. 

2. The C.F.R. Research Method re- 
flects fairly well the average road per- 
formance of conventional gasolines in the 
average automobile operating under 
rather light conditions of load and speed. 

3. The difference in the octane number 
of a fuel by the two test methods is a 
fair measure of the knocking character- 
istics of the fuel to change with condi- 
tions of test (“‘sensitivity’’). 

4. Neither method can be relied on to 
correspond accurately to average “‘cus- 
tomer acceptance” of the fuel, nor espe- 
cially to predict the performance of any 
specific fuel in any specific automobile. 

5. The octane number of motor gaso- 
line has its most important value to the 
refiner in enabling him to check the per- 
formance of his refining processes and 
must be supplemented by careful and 
extensive road tests in automobiles be- 
fore a correct evaluation of road per- 
formance can be obtained. It is per- 
haps to be regretted that laboratory 
octane numbers have found their way so 
extensively into the sales and advertising 
departments of the petroleum industry, 
where their limitations and interpreta- 
tion may not be too well understood. 
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6. For aviation fuels the present 1C 
Method gives results which correlate 
reasonably well with the average full 
scale aircraft engine behavior under con- 
ditions of lean fuel-air mixtures, while 
the 3C Method correlates reasonably 
well with the full scale engine behavior 
under take-off conditions. 

Figure 5 shows the trend in octane 
numbers (A.S.T.M.) of the different 
grades of gasoline during the past fifteen 
or more years. Here again the trends 
have been gradual, save for a fairly sud- 
den rise in octane number in “regular 
grade” gasoline in 1933 to 1934, reflect- 
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Fic. 5.—Trends in Antiknock Quality of 
Motor Fuels. 


ing the addition of tetraethy] lead to this 
grade by a considerable proportion of the 
petroleum industry, and a similar rise 
in the octane number of third-grade 
gasoline about 1938 for the same reason. 

It is obvious from these charts that the 
limitations imposed upon the develop- 
ment of the internal combustion engine 
by the knocking tendency of gasoline 
have been gradually lifted over a period 
of many years. To what extent has the 
automotive engineer taken advantage of 
the opportunity thus offered to improve 
the efficiency of his engines? Figure 6 


indicates that the automotive industry 
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has been quick to take advantage of 
these trends in increasing antiknock 
value. 

A graph of average compression ratios 
of passenger automobilesis roughly paral- 
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have been designed for premium grade 

gasoline, and others have required its 

use, either through carbon accumulation, 

manufacturing variation, or purchaser 

adjustment. Others have been designed 
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lel to that of the average octane number 
of regular grade gasoline. This does not 
mean, of course, that all engines have 
had identical compression ratios or fuel 
antiknock requirements. Some engines 


for lower than average antiknock quality. 
Furthermore, the time lag involved in the 
operations of both the automotive and 
petroleum industries hinders a com- 
pletely parallel development. The auto- 
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mobile engine driven in one year will 
have been developed the year before, and 
will have been tested on fuels available 
during that year, and designed for such 
fuels, unless the designer chooses to 
gamble a bit on fuel improvement. Asa 
result, there have been times when the 
average fuel has been of higher octane 
number than the average engine re- 
quired, but there have also been times 
when the automotive engineers’ esti- 
mates have been optimistic, and many 
engines at least have required better than 
average fuels. The net result of this 
“competition,” however, has been a 
pretty close correlation between engine 
requirements and fuel quality, and the 
public has benefited therefrom, as illus- 
trated by the data in Fig. 7, in which 
it is shown that ton-miles per gallon have 
increased steadily as fuel quality has 
increased. It would be an exaggeration 
to attribute all of this increase to in- 
creases in fuel antiknock value, but this 
has been a most important factor. 
TENDENCY TO PREIGNITION 
In addition to knock, another type 2 of 
abnormal combustion is preignition, and 
this has become of increasing importance 
in the past few years. Preignition is, in 
general, an ignition of the fuel-air mix- 
ture by some local hot surface in the 
combustion chamber, perhaps an inade- 
quately cooled area, or perhaps a deposit 
of “carbon.” The phenomenon is much 
more erratic than knock and much more 
difficult to measure. The A.S.T.M. has 
so far made no attempt to devise and 
standardize methods of measuring the 
preignition tendencies of gasoline, but as 
it is most prevalent in high-compression 
engines, and thus like knocking tendency 
limits the development of the automo- 
tive engine, it would appear desirable 
that suitable technique for its measure- 
ment should be dev =“ 
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THe CHEMISTRY OF GASOLINE 
Such characteristics of gasoline as 
ability to start an engine, ability to give 
proper acceleration, tendency towards 


crankcase dilution or vapor lock are de- 
termined entirely by the physical proper- es ae 
ties of gasoline. Thetendencytoknock, 
however, bears no direct relation to any aD 


physical property. With the comple- 
tion of those researches on knock which 
led to the discovery of tetraethy] lead, it 
became apparent that the knocking ten- 
dency of gasoline isdetermined entirely by 
its chemical composition. Because of 
the outstanding importance of knock, a 
great deal of research began to be fo- 
cussed upon the chemistry of gasoline a 
and, as a result, the past fifteen years 
have seen, in this country, tremendous 
advances in our knowledge of hydrocar- 
bon chemistry—advances which have ie ae 
led into many fields other than those of © 
gasoline. The chemical nature of gaso- 
line, therefore, warrants some discussion 
in this paper. ye 
In the early days of refining, whenthe _ 
manufacture of gasoline was a 
distillation process, the actual chemical | 
compounds present in any sample of | 
gasoline were those that had been present — 
as such in the crude oil from which the | 
gasoline had been made. They varied _ 
greatly with the source of the crude oil, 
and they were outside the control of 
the refiner. They consisted, in general, 
in paraffins (normal and iso), naph- 
thenes, and aromatics, with a prepon- > 
derance of paraffins in gasoline made 
from, say, Pennsylvania crude oil, and 
with larger proportions of naphthenes _ 
occurring in gasoline made from Cali- __ 
fornia crude oil. 
With the advent of “cracking,” which 
in its original form was merely the break- 
ing down by high temperatures and 
pressures of more complex hydrocarbon ri 
into those boiling in the gasoline range, res 
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another class of hydrocarbons, olefins or 
unsaturates, was added to the list, and 
added certain problems by virtue of their 
relative instability, and consequent ten- 
dency to form gum in storage. As recog- 
nition grew of the importance of the 
chemical nature of gasoline, and as tech- 
nical knowledge developed of the thermo- 
dynamics and kinetics of hydrocarbon 
reactions, it has been found possible to 
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that the isoparaffins are much superior 
to the normal paraffins and, in many 
cases, are excellent fuels. We know that 
olefins, particularly isoolefins, are excel- 
lent fuels for automotive use, especially 
under low-speed conditions. We know 
that naphthenes are moderately good 
automotive fuels, and that aromatics are 
excellent. We know that the distribu- 
tion of the various types of hydrocarbon 
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alter profoundly the chemical nature of 
gasoline to produce greater and greater 
amounts of hydrocarbons of the types 
more desirable for different ultimate pur- 
poses. Figure 8 shows typical hydro- 
carbons of the different classes. 

Today, we know that the least desir- 
able hydrocarbons for any engine use are 
the normal paraffins because of their 
extreme tendency to knock. We know 
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over the distillation range of motor gaso- 
line affects profoundly the service per- 
formance of the gasoline. We know 
that for supercharged aircraft engines, 
miany isoparaffins are excellent fuels for 
lean-mixture operation, and aromatics 
are effective under take-off conditions. 
And, as this knowledge has been attained, 
it has gradually become technically pos- 
sible to alter the proportions of any one 
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of these classes of hydrocarbons in gaso- 
line. For example, the simple cracking 
reaction (Fig. 9) produces gasoline hav- 
ing a higher olefin content than straight- 
run gasoline. But the actual cracking 
reaction is never sosimple. Under vary- 
ing conditions of pressure and tempera- 
ture, and particularly in the presence of 
catalysts, many other changes occur. 
The larger molecules of the heavy oils 
are broken into fragments of many sizes, 
including gases and carbon itself, and 
the fragments may undergo rearrange- 
ment in such ways that the types of 
hydrocarbon present in the finished gaso- 
line may vary widely from the types 
present in the original crude oil. Even 
then, there is much that the refiner may 
do. The light gases may be built up 
into liquid hydrocarbons by such proc- 
esses as polymerization and alkylation, 
the reactions being directed in such ways 
as to give maximum yields of specific 
hydrocarbon types. The crude gasoline 
(or naphtha) may again be subjected to 
temperature, pressure and catalysts (re- 
forming), with the result that further 
rearrangement of the hydrocarbon mole- 
cules may take place. Treatment with 
catalysts may cause conversion of nor- 
mal paraffins to the more desirable iso- 
paraffins (isomerization). It is even 
possible to fractionate out some of the 
normal paraffins, and by appropriate 
catalytic treatment convert them into 
aromatics. Accordingly, the petroleum 
refiner of today is approaching more and 
more the position of a synthetic organic 
chemist, and the gasoline of today is 
approaching more and more to the status 
of a blend of specific hydrocarbons, de- 
liberately synthesized for various spe- 
cific purposes. 


AVIATION GASOLINE 


So far, this paper has referred to avia- 


tion gasoline only There 
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son to that of motor gasoline that it had 


during this period little effect upon the | 


progress of the petroleum industry asa 
whole. Aviation demanded a stable | 

straight-run gasoline, of lower vapor 
pressure through higher over-all vola- -" 
tility than motor gasoline, and anoctane _ 
number which only in the past few years — 
has exceeded 87. 


tion of tetraethyl lead. More recently, — 


the great increases in power 


from the supercharged aircraft engine by 
the use of high octane fuel began to bring © 


the demand for octane numbers higher ; . 


than could be obtained by the above > 


simple process, and isoparaffins such = 


alkylate and isooctane began to be manu 
factured and added to aviation gasoline. 

The war has increased tremendously) 
the demand for aviation gasoline, an 
the demand for performance in military 
aircraft has brought current standards 
of antiknock value to the figure of 100 
octane number, a figure which may well 
be exceeded as time goes on. The steps 
that have been taken to effect this result 
involve refining processes among those 
already discussed, but their exact nature 
and the extent of their development 
comes under the general shroud of mili- 
tary secrecy, and details must wait until 
after the war for full discussion. 


IMPACT OF THE WAR ON GASOLINE 


The war has affected profoundly the 
operations of practically every industry, 
and the petroleum refiner has not es- 
caped its impact. In fact, in this war, 
gasoline has largely replaced smokeless 


PRESENT AND FUTURE 


have been several reasons for this casual a 
In the first place, the vol- ud 
ume of aviation gasoline has, until re- aa 


cently, been relatively sosmallincompari- 


Such gasoline could be 
supplied by the refiner by fractionation _ 
of the straight-run gasoline made from 
selected crude oils, with the further addi- 
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sives, and has largely replaced both the 
army mule and the human foot as a 
means of transporting supplies and man- 
power. No single raw material appears 
to be as vital to the prosecution of a 
modern war as gasoline. 

It has been necessary to expand enor- 
mously the production of high octane 
aviation gasoline, and this has meant not 
only the building of new plants designed 
to produce the isoparaffins and aromatics 
so necessary for 100 octane aviation 
gasoline, but the stripping of much motor 
gasoline of those constituents useful in 
aviation gasoline. At thesame time, the 
necessity for curtailing motor gasoline 
consumption, partially because of trans- 
portation difficulties and partially to 
conserve rubber tires, while at the same 
time producing as much fuel oil as pos- 
sible, has made it necessary for many 
refiners to alter their operations pro- 
foundly, so as to produce sometimes as 
little gasoline as possible instead of as 
much as possible. The desire of the 
Government to conserve raw materials 
has curtailed the amount of tetraethyl 
lead available for civilian use. 

As a result, the trends of improving 
quality in civilian. gasoline which have 
continued for so many years have been 
suddenly reversed. The average octane 
number of ‘‘house brand” gasoline has 
already dropped in six months from 
about 75 to 72, and may drop further. 
Over-all volatility may be affected. We 
are probably in “for the duration” for a 
completely abnormal operation of the 
petroleum industry, and for lowered 
quality as well as quantity in gasoline 
for civilian use. Military equipment 
will, of course, have high-quality gasoline 
provided, and the indications are that 
gasoline of adequate quality will be 
available for trucks, buses and other 
commercial vehicles, but the civilian will 
have to get along as best he can. For- 


‘ 


MarsurGc LECTURE 


tunately, the necessity for conserving 
tires will change civilian driving habits 
in such a way as to make maximum per- 
formance considerably less important 
than in the past, and the lowered quality 
will probably cause much less complaint 
than the lowered quantity. 


Post-War GASOLINE 


Any predictions concerning post-war 
gasoline, or any other phase of the post- 
war world, must be made with very con- 
siderable reservation. However, what 
post war gasoline could be is by this time 
fairly well established. 

In the first place, it can be said with 
assurance that aviation gasoline will be 
much more important after the war than 
before, and that 100 octane number avia- 
tion gasoline, or better, will be the qual- 
ity generally employed. No one can 
predict with certainty the part which 
aviation will play in post-war transpor- 
tation, but it will undoubtedly be a far 
greater part than in the pre-war era, and 
will probably expand into the field of 
fast freight movement as well as the 
mail and passenger field. High power 
output and fuel economy will be of the 
utmost importance, and gasoline quality 
will, therefore, be as important as it is 
for military purposes. 

But what of the future of motor gaso- 
line? The tremendous demand for high 
octane aviation gasoline together with 
the program for synthetic rubber has 
brought about the erection of greatly 
increased catalytic cracking capacity, 
and this capacity undoubtedly can and 
will be used after the war to produce 
motor gasoline of high antiknock quality. 
Plants for producing the alkylate so 
necessary for aviation gasoline will have 
capacities probably much greater than 
the post-war demand for aviation gaso- 
line, as great as they may be expected to 
be. Plants for producing toluene and 
other aromatics will probably be avail- 
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able. Furthermore, the research and 
development laboratories of the petro- 
leum industry, always alert, have been 
profoundly stimulated by the war effort 
and can be counted on for processes 
which are improvements over what we 
have today. I believe it to be conserva- 
tive to say that the petroleum industry 
will be in a position to produce motor 
gasoline of much higher effective anti- 
knock value than that which was pro- 
duced in 1941. One might guess that 
gasoline approximately equivalent to the 
premium grade of 1941 (say, 80 octane 
number) could be produced as a house 
brand gasoline, and that premium gaso- 
line having an effective antiknock value 
of between 90 and 100 octane number 
could be produced. 

Will such gasoline be produced and 
marketed? The answer to this question 
depends largely upon the automotive 
engineer. The automotive industry 
finds itself at present in a position unique 
in its history. Heretofore, under the 
continued pressure of getting out yearly 
models, desirous of reusing as many tools, 
dies, etc., from previous models as might 
be feasible, and doubtful of public ac- 
ceptance to too radical a change in car 
design, the automotive industry has 
made all changes conservatively and 
gradually. In fact, the saying is that 
the only reason that engines are still in 
the front of the car has been that no one 
could figure out a way to move them to 
the rear gradually! Now, the situation 
is that there are no yearly models, or 
production of cars of any kind, which 
gives the design engineer a breathing 
space in which to plan far-reaching 
improvements. Tools and dies will have 
been largely scrapped long before auto- 
mobile manufacture can begin again. 
Metals, such as aluminum and magne- 
sium, will be available in enormous 
quantity and at reduced price. New and 
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better plastics will be available. Cou- 
pled with this will be a car-hungry public. 
What will the answer be? As far as 
body design goes, one can look forward 
with confidence to radical changes, but pes 
what of the engine? Will we have an ; 
engine of extremely high compression 
ratio, and consequent high thermal effi- é 
ciency? Will there be a small super- oie 
charged engine capable of producing the 
necessary power with savings in weight 

and size? Will there be an engine of 

very moderate speed range equipped Ye 


with automatic transmission? Will an 
there be an engine embodying principles > a 
quite different from the conventional 
engine of today? No one can answer a a 


these questions, but it appears certain 
that no real developments along these © 


lines can be expected unless the petro- ae 
leum industry does its share by improv- 


ing gasoline quality. 

Are we reasoning in a circle in saying 
that improvement in the engine of the 
future depends upon the gasoline of the 
future, and that the gasoline of the 
future depends upon the engine of the 
future? No more so than has been true 
in the past; the two industries have 
always advanced together and must con- 
tinue to do so. The only difference is 
that heretofore progress has been made 
by a steady series of small advances, 
made first by one industry and then by 
the other, or by both together; now, the 
war has brought about the possibility of 
fairly abrupt and quite substantial ad- 
vances in technical progress. There are 
many serious problems, economic and 
technical, in such progress, but I cannot 
believe them to be insuperable, and I 
shall be greatly surprised if the best 
talent of both industries is not now giving 
its consideration to the problems of post- 
war transportation. And may they 
always work in closest contact, for they 
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are inseparable parts of the same great more economical, more comfortable, and 
industry, the industry of transportation, safer transportation which appears to be 
and must progress simultaneously, if the definitely technically and economically 
Public is to receive the more efficient, possible. 
wives 
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THE PHYSICAL PROPERTIES OF STEEL W IRE AS AFFECTED BY 
VARIATIONS IN THE DRAWING OPERATIONS ah 
This investigation was carried out on 0.67 per cent carbon patented wire ed 
drawn 40, 30, 20, and 10 per cent reduction per draft, and a 0.27 per cent 
carbon patented rod drawn 40, 30, and 20 per cent reduction per draft. The 
physical tests, which included tension, torsion, bending and bending fatigue, os a 
were made at a number of stages of wire drawing from the patented condition 
to 97 per cent reduction. The physical properties of hand-straightened x 
and machine-straightened wire were compared. e 
The tensile strength and bending properties were found to be changed . ¥ 
considerably by the method of wire drawing. The lower rates of drawing *, 
resulted in improved bending properties and lower tensile strength. The rt 
physical properties of the 0.67 per cent carbon material were affected to no 3 
a greater extent by the rate of drawing than the 0.27 per cent carbon A ee | 
wire. In general the elongation and reduction of area as determined in ee JP 5 
the tension test were improved by a low rate of drawing. The fatigue prop- 
erties were affected by the rate of drawing in the same manner as the tensile 
strength. The number of bends and type of fracture obtained in the bend 
test are believed to be a measure of the toughness of steel wire. The amount 
of wire drawing that resulted in the best combination of strength, ductility, 
toughness, and fatigue properties was between 75 and 80 per cent reduction. 

The influence of variations in the 
drawing operations on some of the phys- 
ical properties of steel wire has long been 
appreciated by the wire industry. The 
purpose of this investigation was to 
study in detail the physical properties 
of wire drawn according to a number 
of drafting schedules and to correlate 
the physical properties as determined 
by various types of test methods. The 


SYNOPSIS 


; usually employed to govern the parr 
of finished wire. In order to provide 
additional information as to the quality 
of wire, another method of testing was 
developed. First suggested by Bonzel 
(1)? in his book ‘‘Steel Wire,” a bend test 
was described in a previous paper (2) 
which when properly made seemed to 
indicate the toughness of steel wire. 
The further development of this bend 


method of wire drawing resulting in the 
best combination of physical properties 
could then be established. 

The tension and torsion tests are 


1 Development Engineer, John A. Roebling’s Sons Co., 
Trenton, N. J. 


test has been included in this investi- 
2 The boldface numbers in parentheses refer to the 


reports and papers appearing in the list of references ap- 
pended to this paper, see p. 526. 


| 


514 GODFREY ON EFrrect oF DRAWING OPERATIONS 


TABLE I.—CHEMICAL COMPOSITION OF STEEL. 


Carbon, | Manga- Baal Sulfur, | Silicon, 
per cent per cent | per cent per cent per cent 
0.67 0.84 | 0.021 0.027 0.19 

Trace 


0.27 0.50 0.014 0.031 


Among the more recent investigations 
on steel wire, are those of Gill and Good- 
acre (5,6,7,8), who have studied the 
physical properties of both decarburized 


wire and wire free from decarburization. 
In the above iInvecticoatinn the diameter 


> 


0.67 per cént Carbon 


of the wire tested was always the same, 
and the amount of wire drawing was 
varied by changing the size of the orig- 
inal patented material. In this present 
investigation, the wire of a given carbon 
content was drawn from one original 
coil and tested at various stages of wire 
drawing. 


MATERIALS 


Two materials were used, a 0.67 per 
cent and a 0.27 per cent carbon steel, 
the chemical compositions of which are 
presented in Table I. This analysis 
was made on samples of patented mate- 
rial from which the wire was drawn. 


All of the 0.67 per cent carbon wire 
came from one coil of }-in. diameter hot- 
rolled rod which was drawn to 0.218 in. 
in diameter and double lead patented at 
1550 to 900 F. This patented wire 
was then drawn 40, 30, 20, and 10 per 
cent reduction per draft. For the 40 
per cent group, only two sizes were sup- 
plied since breakage occurred during 
wire drawing on the third draft. The 


0.27 per cent carbon wire was drawn 40, 
30. and 20 per cent reduction ner draft 


0.27 per cent Carbon e 
F Fic. 1.—Patended Structure of 0.67 per cent and 0.27 per cent Carbon Steel (X 100). te 


from a 0.220-in. diameter patented rod. 
A number of sizes of wire representing 
each rate of drawing were furnished by 
the wire mill in both coils and machine 
straightened. 

The microstructure of the 0.67 per 
cent carbon and 0.27 per cent carbon 
steel after the patenting heat treatment 
are shown in Fig. 1. At the surface of 
both of these patented materials there 
is a distinct decarburized layer. Since 
all the wire of a given carbon content 
was drawn from the same coil, the effect 
of the decarburized surface would be 
the same throughout. Any differences 
in the physical properties could therefore 
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be attributed to the method of wire 
drawing. 


METHODS OF TESTING 


The tension tests were carried out on a 
60,000-lb. capacity Baldwin-Southwark 
hydraulic testing machine and a 2000-lb. 
bad 


2 


Fic. 2 


capacity Amsler hydraulic testing ma- 
chine. The tensile strength, elongation 
in 10 in., and the reduction of area were 
determined. On some of the tension 
specimens the ductility indices as de- 
scribed by MacGregor (3) were also 
determined. The ductility indices sepa- 
rate the uniform and necking phases 
which occur during the tension test. 


ng Mac 
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The uniform strain occurs between zero. 
load and maximum load, and the neck- > 
ing strain occurs between the maximum | 

load and the breaking load. The sl . 


Uniform ductility index I, = log ; a 

u ‘ 

Necking ductility index I, = log Hi ce 
b 
where: 
A, = minimum area at zero load, 7 
A, = minimum area at maximum load, 
and 


minimum area after fracture. 


II 


ductility index I, are determined from 
the following equations: 
| 
| 


_ The above values may be obtained by 

-measuring the least diameter of the test 
specimens at the three stages of the 

‘The torsion test, as a routine test, 
_ often as an acceptance test, is peculiar 
to the wire industry. The torsion tests 
were made using a gage length equal to 

- 100 wire diameters and a speed of testing 

oe 60 twists per minute with a tension on 
_ the specimen equal to approximately 1 

a per cent of the tensile strength. 

The bending tests on the 0.67 per cent 
carbon wire were carried out on a wire- 
bending machine as described in a pre- 
vious paper (2). The bend tests on the 
0.27 per cent carbon wire were made on 
another machine of more recent design. 
A photograph of the latter bend testing 
machine is shown in Fig. 2. Funda- 
mentally, the two bend test machines 
are identical and tests made using the 
two machines on the same material gave 
the same results. The test, on either 
machine, consists of bending the wire 
specimen back and forth over rolls by 


The wire is held in a grip attached to the 
arm and weights are suspended 
from the lower end of the wire. The 
amount of tensile stress on the wire 
+-§° specimen due to the suspended weights 
a is 1 per cent of the tensile strength of the 
wire. The center of rotation of the 
bending arm is adjustable for any diam- 
eter roll and is set at a point 0.7 R above 
the centerline of the rolls, where R = 
radius of the rolls. In this position the 
vertical movement of the wire during the 
test is held to a minimum. In order to 
correlate the bending properties of wires 
of different diameters, the ratio between 
the roll diameter and the wire diameter 
should be the same. A roll diameter - 
wire diameter ratio of 10 was used in 
these experiments. Ifa lower ratio than 
10 is used, the number of bends decreases 
and it becomes difficult to differentiate 


moving the bending arm through an 
angle of 180 deg. until fracture occurs. | 
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between the bending properties. A 
larger ratio would only serve to prolong 
the length of the test. Whenever rolls 
of exactly 10 wire diameters were not 
available, tests were made on two sets of 
rolls of the approximate size and the 
values interpolated for the ratio of 10. 
The number of 180-deg. reverse bends 
necessary to fracture the wire and the 
type of fracture are believed to indicate 
the toughness of wire. 

The fatigue tests were made on two 
wire fatigue machines (2) designed on 
the principle of a rotating wire strut and 
similar to the Haigh-Robertson wire 
fatigue machine. A number of check 
tests were also made on a Haigh-Robert- 
son machine and the results were the 
same as those obtained on the two other 
machines. In brief, the wire specimen 
is stressed as a rotating wire strut and 
the stresses are computed from the 
“Euler” column formula. The maxi- 
mum bending stress at the mid-length 
of the or is equal to: 


ee? 

f = bending stress in pounds per square 
inch, 

6= inclination at end of specimen in 
degrees, 

d = diameter of wire in inches, Fi 

L = length of wire in inches, Bee 


E = modulus of elasticity in pounds per 
square inch. 

Since the maximum stress occurs at 
the center of the specimen, all fractures 
occur at this point, thereby providing a 
method of fatigue testing in which the 
gripping devices have no effect on the 
test results. The specimen for a fatigue 
test must be straightened before testing; 
otherwise vibrations will be set up during 
the test. The tensile properties of the 
wire used for the fatigue tests were 
changed by the machine-straightening 


operation. However, a number of tests 


were | 
ties o 
wire | 
withi 
mater 
was 4 
all thi 


Effect 
machi 
300 
270 
240 


210 


Tensile Load, Ib 


oO 


Fic. 
the Te 
Steel | 


that 

and 

mach 
ishes 
Exar 
ing p 
autog 
0.67 | 
The 

by tk 


ig 
y 
i 
4 Zz 
>. 
a 


We 


GODFREY ON EFFECT OF DRAWING OPERATIONS ON STEEL WIRE 517 


were made comparing the fatigue proper- 
ties of machine- and hand-straightened 
wire and in all cases the results were 
within the normal variation of this 
material. The modulus of elasticity 
was assumed to be 30,000,000 psi. for 
all the material tested. 


Test RESULTS © 


Effect of Straightening Process: 
In general the tensile strength of the 
machine-straightened wire is less than 
3.000 


but at the same time the elongation has 
been increased considerably. The effect 
of the straightening process on the 
tensile strength of the 0.67 per cent and 
0.27 per cent carbon wire drawn 40 per 
cent per draft is shown in Table II. 

The fatigue properties of both hand- 
and machine-straightened material are 
also presented in Table II. These 
tests indicated that the endurance limit 
could be determined on the machine- 
straightened wire with the necessary 
accuracy even though the tensile 


_Machine ere strength of this material was somewhat 
2700 Straightened| than the hand-straightened mate- 
| rial. All other fatigue properties re- 
7 400 ported in this paper were therefore 
TABLE IIl—TENSILE STRENGTH AND 
| ENDURANCE LIMIT OF HAND- AND 
21001 MACHINE-STRAIGHTENED WIRE. 
Elongation 
| Tensile Endurance 
re) tot cent \ | Strength, psi. Limit, psi. 
1800 Elongation |Diam- 
| 5 percent Material 
81500 3 
ie = = = = = 
Fr 0.67 per (0.218 | Rod| 161 000 | 158 000 | 35 $00 | 37 000 
< 1200 cent {/9-169 1 | 201 000 | 185 000 | 52 000 | 49 000 
2 carbon ((0.1315| 2 | 230.000 | 216 000 | 59 000 | 60 000 
(|0.1025) 3 | 143 000 | 133 000 | s2.000 | $4 000 
900 0.27 per |/0.079 | 4 | 164 000 | 133 000 | 56.000 | 58 000 
cent  {0.0615| 5 | 182.000 | 175 000 | 62 €00 | 62 000 
carbon | 0.0468, 6 | 211 000 | 206 000 | 66 000 | 68 000 
(0.0368 7 | 244 000 | 237 000 | 72.000 | 74 000 
600 
300 determined on machine-straightened 
wire. 
Tensile Strengih: 


0 005 010 O 005 0.10 
Elongation, in. per inch 


Fic. 3.—Effect of the Straightening Process on 
the Tensile Properties of 0.67 per cent Carbon 
Steel Wire, diameter = 0.129 in. 


that of the hand-straightened material 
and the loss in strength due to the 
machine-straightening process dimin- 
ishes as the size of the wire decreases. 
Examples of the effect of the straighten- 
ing process are shown in Fig. 3, where 
autographic load-elongation curves of a 
0.67 per cent carbon wire are presented. 
The tensile strength has been reduced 
by the machine-straightening operation 


The effect of the rate of drawing on 
the tensile strength of the 0.67 per cent 
and 0.27 per cent carbon wire is shown 
in Fig. 4. The amount of cold working 
is expressed by the percentage reduction 
of area by wire drawing and is deter- 
mined from the following equation: 


Percentage Reduction of Area 


= 4e— Ar y 199 


where: Ao 

A, = initial area of patented material, 
and 

Ay = area of cold-drawn wire at any 
stage of wire drawing. 


= 


at 


+ 


| h 
3. 
t | ia 
i 
| 
| 
4, : 
ao 
¥ 
n 
a 
a 
ie 
le 
ie 
le 
re 
ig 


* Using the above expression as a measure the rate of drawing on the 0.27 per cent 


of the amount of wire drawing we find carbon wire was rather small, the mate- 
that the rate of increase in tensile rial drawn 40 per cent reduction per 
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: ~ Fic. 4.—Effect of Wire Drawing on the Tensile Strength of Steel Wire. 
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 (aeyhene Elongation by Wire Drawing, per cent 
strength is greatest in the latter stages draft being only slightly stronger than 
of wire drawing. the material drawn 20 and 30 per cent 
The effect of the rate of drawing on the 


0.67 “yates hey definite reduction per draft. 
.67 per cent carbon wire is very definite. h 
A higher rate of drawing produces a Bonzel (1) has suggested that the 


higher tensile strength for any given @mount of cold working by wire drawing 
amount of wire drawing. The effect of could be expressed by the percentage 


Fic. 5.—Effect of Wire Drawing on the Tensile Strength of Steel Wire. 
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elongation. This value is computed by 
the following equation: 


Percentage Elongation 


The above equation expresses the per- 
centage increase in the length of the 
original wire. The tensile strength is 
related to the percentage elongation by 
wire drawing in Fig. 5. In this rela- 
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cross-section is expressed by MacGregor 
(3) as follows: 


Maximum True Strain e = log — 


In the tension test it has been found 
that the true stress-strain curve becomes 
a straight line from the value of the 
average true stress corresponding to the 
maximum load up to the breaking load. 
This would mean that the amount of 
work hardening done during the necking 
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220000 ° /0 per cent Reduction per Draft + 
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6 30 per cent Reduction per Draft 
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True Strain, Log Re by Wire Drawing 


Fic. 6.—Effect of Wire Drawing on the Tensile Strength of Steel Wire. 


tionship, the rate of increase in strength 
is greatest during the initial stages of 
wire drawing, in direct contrast to Fig. 
4, where the tensile strength is related 
to the reduction of area. The effect of 
the rate of drawing, however, is not 
changed by this method of expressing 
the amount of cold working. 

A third method of expressing the 
amount of cold working by drawing is 
presented in Fig. 6, where the tensile 
strength is related to the true strain. 
The equation for the amount of maxi- 
mum true strain or true reduction of 
area in a simple tension test for a uniform 


Pall é 
47, 4 - 


down period in the tension test is pro- 
portional to the maximum true strain. 
Since the drawing of wire may be com- 
parable to the action which takes place 
in the necking down period in the tension 
test, the above equation might be suit- 
able criterion for the expression for the 
amount of cold work done by wire 
drawing. In Fig. 6 the tensile strength 
increases in direct proportion to the 
amount of true strain up to a certain 
amount of drawing, after which the 
tensile strength increases at a somewhat 
greater rate in the latter stages of wire 
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Hand Straightened. 


Hand Straightened. 


Elongation, Reduction of Area, Torsion 
and Bending: 


The effect of the rate of drawing on 
the elongation in 10 in., reduction of 
area, torsion, and bending properties of 
the 0.67 per cent and 0.27 per cent 
carbon wire is presented in Figs. 7 and 
8, respectively. For the 0.67 per cent 
carbon wire the lower rate of drawing 
resulted in higher elongation, particu- 
larly in the latter stages of wire drawing. 


(a) 
atts. 58.6 per cent 


(6) 
78.9 per cent 


The difference, however, was not very 
marked. The effect of the rate of 
drawing on the elongation of the 0.27 
per cent carbon wire was negligible. 
The reduction of area of the 0.67 per 
cent carbon wire was affected to a large 
degree by the rate of drawing but no 
differences could be found on the 0.27 
per cent carbon wire. The lower rates 
of drawing on the high-carbon wire 
resulted in a higher reduction of area. 
The total amount of wire drawing had a 
decidedly different effect on these two 
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86.5 per cent 
Percentage Reduction by Wire Drawing. 
Fic. 9.—Bend Test Fractures of 0.67 per cent Carbon Wire Drawn 20 per cent Reduction per Draft. 


materials. The reduction of area of the 
0.67 per cent carbon wire first decreased 
and then increased with wire drawing 
up to about 75 per cent reduction and 
then decreased rapidly. The reduction 
of area of lower carbon material, how- 
ever, gradually decreased with wire 
drawing up to about 80 per cent reduc- 
tion, after which the ductility decreased 
rapidly. 

The results of the torsion tests, Figs. 7 


(c) 


7%.) per cent 


and 8, show that except for one specimen, 
all of the 0.67 per cent carbon material 
had at least 30 torsions in 100 wire 
diameters. The rate of drawing and the 
total amount of wire drawing did not 
have any consistent effect on the tor- 
sional properties. 

The bending properties of the 0.67 
per cent and 0.27 per cent carbon steel 
wire are also presented in Figs. 7 and 8. 
A decrease in the rate of drawing on the 
0.67 per cent carbon wire resulted in a 
considerable improvement in the bend- 
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7 ing properties. The drawing schedule 
did not have such a marked effect on the 
0.27 per cent carbon wire except in the 
latter stages of wire drawing. The 
bending properties improved with wire 
drawing up to about 72 per cent reduc- 


mine more accurately a true measure of 
the physical characteristics of wire, a 
number of measurements were made 
during the tension test to determine the 
true measure of ductility as expressed 
by MacGregor (3). An example of the 


_ tion and then decreased very rapidly. results of these measurements are pre- 
i - The characteristics of the fracture ob- sented in Fig. 10 where the true uniform 
a. tained in the bend test also indicated strain and true necking strain are com- 
a the toughness of the material. Figure pared to the usual reduction of area 
. * 9 shows a number of bend test fractures values for the 0.27 per cent carbon wire 
ak : obtained on the 0.67 per cent carbon wire drawn 20 per cent per draft. The uni- 

2 _ drawn 20 per cent per draft. Specimens form strain for cold-drawn steel wire is 
0.7 
06 _/Reduction of Area 
+ 

. 

0.5 


> 


True Local Necking Strain-E,* log 
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Hand Straightened 


Maferial-0.27 per cent Carbon Stee/ 
+—— 20per cent Reduction per Draft 
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Reduction of Area, 
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True Uniform Strain-€,+Log= 
rue rm ven 09 A. 


Uniform and Necking Ductility Index 
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a and b, which were cold drawn to a 
total of 58.6 per cent and 78.9 per cent 
reduction, respectively, have rather 
stubby fractures. Specimen c, drawn 
86.5 per cent reduction, has a long slivery 
fracture with a tendency to form longi- 
tudinal cracks. Specimens d, drawn 
94.5 per cent reduction, have a decided 
tendency to fracture in the longitudinal 
direction. The 0.2; per cent carbon 
wire had only a slight tendency to split 
in the longitudinal direction even though 
it was cold drawn more than the high- 
carbon wire. 

In order to investigate further any 
other possible means by which to deter- 


Reduction of Area by Wire Drawing , per cent 
Fic. 10.—Effect of Wire Drawing on the Ductility Indices 


50 60 70 80 90 


found to be a small percentage of the 
true maximum necking strain. It should 
be noted that the uniform strain is 
practically a constant for the cold-drawn 
wire whereas the necking strain de- 
creases gradually with wire drawing and 
the curve is very similar to the reduction 
of area curve. This true necking strain 
for the 0.67 per cent carbon wire was 
also proportional to the reduction of 
area as determined by the tension test. 


Fatigue Tests: 


The relation between the fatigue and 
tensile properties is presented in Fig. 11. 
These results show that for the same 
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tensile strength the lower carbon mate- ratio increases very gradually up to 
rial has a considerably higher endurance approximately 80 per cent reduction by __ 


e, a 
ne limit. For an endurance limit of 60,000 wire drawing and then decreases rapidly. ede . 
» the psi., the tensile strength of the 0.27 per Since the endurance ratio is approxi- ro < 
essed 


cent carbon wire is only 160,000 psi., mately the same for each drawing neg 
the as compared to 230,000 psi. for the 0.67 schedule, the endurance limit is affected a 
per cent carbon wire even though both by the rate of drafting in the same 


ed materials were definitely decarburized. manner as the tensile strength. ee 
= 10000 }— 0.27 per cent 
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£ 4 Carbon Steel 
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+ dey Fic. 11.—Relation Between Endurance Limit and Tensile Strength of Steel Wire. 
0.27 per cent Carbon Steel. 
0.32 /0 percent Reduction per Draft 
20 per cent Reduction per Draft 
Cc } 4 
of the *| | Q67percent Carbon Steel 
ain 1S 0 10 20 30 40 50 60 70 80 
drawn Reduction of Area by Wire Drawing, percent 
in de- Fic. 12.—Effect of Wire Drawing on the Endurance Ration. 
1g and 
uction The effect of wire drawing on the endur- Discussion OF Test RESULTS 


strain} ance ratio is presented in Fig. 12. _ As Effect of Straightening Process: 
re was} previously shown, the endurance limit 


ion of} Of the hand-straightened wire was prac- The method used in straightening 
test tically the same as that of the machine- WT€ Was found to have a marked effect 
eginiite straightened wire. The endurance ratio 0M the tensile properties. The tensile 
was therefore calculated by dividing the strength of the machine-straightened — 
i ool endurance limit of the machine-straight- wire was less than that of the hand- 
io 11 ened wire by the tensile strength of the straightened material but the ductility ras 
hand-straightened wire. Theendurance as measured by the elongation was 
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improved. The above effects were more 
pronounced on the larger diameter wires. 
This indicates that the loss in strength 
and increase in ductility might be due 
to the reverse bending which takes 
place in the rotary machine straightener. 
Since the endurance limit is only a rela- 
tively small percentage of the tensile 
strength, it was not affected by the loss 
in strength of the machine-straightened 
wire. 


Tensile Strength: 


The tensile strength of steel wire was 
in general higher as the rate of drawing 
increased. The higher rates of drawing 
have a greater effect on the total cross- 
section of the wire, and result in a 
greater strain hardening. The amount 
of heat generated in the die would also 
be greater for the higher rates of draw- 
ing and this increase in temperature 
would tend to raise the tensile strength 
of the wire. Temperature would also 
account for the small effect of the rate 
of drawing on the tensile strength of the 
low-carbon wire as compared to the 
high-carbon wire. Piingel and Hiinlich 
(4) have found that up to approximately 
250 C. a 0.66 per cent.carbon cold-drawa 
steel wire will increase in tensile strength. 

The most accurate method of repre- 
senting the amount of wire drawing is 
probably by true strain. Using this asa 
measure, the tensile strength after the 
first reduction increases in direct pro- 
portion to the amount wire dr---ing. 
If this straight-line relationship hoids 
true for all cold-drawn wire it would be 
quite advantageous tc use the relation- 
ship to determine the amount and 
method of drawing to obtain the neces- 
sary tensile strength of a finished wire. 
The change in the rate of increase in 
tensile strength in the final stages of wire 
drawing might be explained by the 
increase in the amount of preferred 
orientation (2). Since the crystal ori- 
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entation is such that the face diagonal of 
the cube, that is the [110], lies parallel 
to the wire axis, a change in the rate of 
increase in strength would be expected. 


Ductility: 


The rate of drawing had considerably 
more effect on the elongation and reduc- 
tion of area of the high-carbon than the 
low-carbon wire. The reason for this 
might also be explained by the tempera- 
ture effect during wire drawing. The 
increase in the ductility with a decrease 
in the rate of drawing may also be due 
to the more uniform deformation which 
would take place within the w ire-draw- 


The rate of drawing and the amount 
of wire drawing did not have any con- 
sistent effect on the torsion test results. 
The torsion test is probably affected by 
the general fibering of the grains and 
the surface condition of the wire. The 
test results, however, show that the 
surface condition of the material was 
apparently good even after an extreme 
amount of wire drawing. The decar- 
burized surface of the material may also 
have a decided effect on the torsional 
properties. 


Torsion: 


The bending properties were found to 
be more sensitive to the rate of drawing 
than any other measure of the physical 
characteristics of steel wire. Even 
though the ductility of the 0.27 per cent 
carbon wire was not changed materially 
by the rate of drawing, the bending 
properties were definitely affected. The 
improvement in the bending properties 
by a low rate of drawing may be attrib- 
uted to a more uniform fibering of the 
grains as a whole. The fact that the 
number of bends decrease after approxi- 
mately 72 per cent reduction by wire 
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drawing indicates that the beneficial 
effect of the initial fibering is being 
offset by the loss in ductility and by the 
directional properties which are charac- 
teristic of materials which have excessive 
preferred orientation. The type of frac- 
ture obtained in the bend test on wire 
also indicates that longitudinal planes 
of weakness are formed in wire as the 
amount of wire drawing exceeds certain 
limits. 


Fatigue: 


The fatigue properties of the 0.67 
per cent and 0.27 per cent carbon wire 
were considerably lower than would be 
found on a wire free from decarburiza- 
tion. From previous tests (2), the 
endurance limit of a 0.67 per cent carbon 
wire free from decarburization should 
have been approximately 32 per cent 
of the tensile strength instead of 25 
per cent. The lower endurance limit 
of a decarburized material is due to the 
fact that the maximum bending stresses 
on the fatigue specimen occur at the 
surface of the wire where the strength of 
the wire due to decarburization is at a 
minimum. The decarburization of the 
0.27 per cent carbon wire would have 
less effect on its fatigue properties since 
the difference in strength of the decar- 
burized surface and the strength of the 
core of the wire would be less. The 
rapid drop in the endurance ratio after 
approximately 80 per cent reduction by 
wire drawing may be due to the varia- 
tion in tensile strength over the cross- 
section of the wire. The greatest 
amount of preferred orientation has been 
found to occur at the center of the wire, 
which would result in a higher tensile 
strength at this section. Since the 
tensile strength is the average strength 
of the cross-section and the fatigue limit 
is dependent upon the strength of the 
surface of the wire, a lowering of the 
fatigue ratio would be expected. 
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CONCLUSIONS 


1. The tensile strength of cold-drawn 
wire is reduced by the machine-straight- 
ening operation and its ductility as 
measured by the elongation is increased. 

2. The tensile strength of cold-drawn 
wire is materially affected by the rate 
of drawing. The greater the reduction 
in area per draft, the higher the tensile 
strength will be for the same total 
amount of wire drawing. 

3. The 0.67 per cent carbon wire was 
affected to a greater extent by the rate 
of drawing than the 0.27 per cent carbon 
wire. 

4. The reduction of area as deter- 
mined by the tension test increased as 
the rate of drawing decreased on the 
0.67 per cent carbon wire. The 0.27 
per cent carbon wire was not affected in 
this respect by the rate of drawing. 

5. The elongation in 10 in. was 
slightly improved by a low rate of 
drawing. 

6. The rate of drawing had no con- 
sistent effect on the torsional properties 
of the material investigated. 

7. The bending properties were con- 
siderably improved by reducing the 
rate of drawing. The bend test indi- 
cates that there is an optimum amount 
of wire drawing which will result in a 
maximum toughness for cold-drawn 
wire. The number of bends to cause 
fracture and the appearance of the 
fracture obtained in the bend test are 
believed to be a measure of the toughness 
of steel wire. 

8. The rate of drawing affected the 
endurance limit in the same manner as 
the tensile strength. The endurance 
limit of the decarburized material was 
considerably lower than has been found 
for wire free from decarburization. 

9. The endurance ratio incfeased 
slightly up to approximately 80 per cent 
reduction by wire drawing. The endur- 
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ance ratio then decreased rapidly with 
further wire drawing. 

10. The best combination of strength, 
ductility, toughness, and fatigue proper- 
ties resulted from a total amount of wire 
drawing of between 75 and 80 per cent 
reduction. 
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Mr. L. H. WinKLER.'—There are one usually result in higher tensile strength 
or two points brought out in this ex- in the wire than would be the case if 
cellent paper which justify further less reduction per draft (and, therefore, 
discussion. more drafts) were employed for the same 

First, I want to congratulate Mr. given total reduction. At the same 
Godfrey on his paper and especially on time, in actual practice we have also 
the mechanical ingenuity displayed in noted a corresponding reduction in the 
developing a bend test procedure and _ torsion values when the number of re- 
the equipment described. Bend tests ductions have been reduced by virtue of 
on wire heretofore have not been by any greater reduction per draft. Upon read- 
means satisfactory; quite possibly the ing Mr. Godfrey’s paper I was surprised 
mechanical equipment that wasavailable that this effect on the torsion values 
at the time for making such bend tests was not definitely borne out by results 
was at fault. I think Mr. Godfrey has obtained in his research. It is possible 
made a notable contribution to the test- that this may be accounted for by some 
ing of wire. His perfectionandimprove- detail in the preparatory heat treatment 
ment of bend tests appear to have ac- of the stock from which the wire was 
complished a great deal toward providing drawn; doubtless further work, which I 
results that are more consistent than has expect he will pursue, will throw more 
generally been obtained in past work. _ light on this question. 

Up until now many of us have re- Mr. Godfrey’s work shows that ap- 
garded with skepticism bend test require- parently for a given size and type of 
ments and bend test results on wire. wire a total reduction of between 70 and 
Judging from the amount of work which 75 per cent results in the most desirable 
Mr. Godfrey has done to date and from combination of physical characteristics. 
the results reported in his paper, it I should like to call attention to the fact 
would appear that we may begin to look that this may apply quite specifically 
upon bend tests with more assurance, only to the size ranges and the kind of 
particularly if they are carried out ina “© covered by Mr. Godfrey’s experi- 


manner similar to that which he de- mental work. The optimum puree 
iteda of reduction, I believe, will change with 


} ; the size of the finished wire and also will 

In practical Me er ieee find that depend upon the kind of wire that is to 

the — of drawing does influence he produced. That is, although the best 

mechanical properties of wire. Thoseof eduction may be between 70 and 75 per 
us who have been associated with wire 


: cent for these relatively large diameters 
drawing have found that higher per- 


*~ of wire, it may be advisable to increase 
centages of reduction per draft will the percentage of total reduction in the 


manufacture of smaller sizes. For ex- 
1 Metallurgical Engineer, Bethlehem Steel Co., Inc. . — 
Bethlehem, Pa. ieee jet ey ample, in the case of a similar grade of 
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wire about 0.015 in. in diameter, a total 
amount of reduction of about 85 per 
cent may produce better results. Fur- 
thermore, the total amount of reduction 
is quite definitely dependent upon the 
details of the preparatory heat treat- 
ment, the number of drafts, the size of 
the wire, and especially upon the kind 
of wire that is to be produced. The 
point that I wish to make is that there 
is no one optimum percentage of reduc- 
tion which will cover all sizes and kinds 
of wire currently produced in the full 
range of steel wire mill products, begin- 
ning with low carbons and ending with 
very high carbons; this is probably 
obvious and while I realize that Mr. 
Godfrey may be in agreement with this 
statement I think it is important to 
emphasize that point. 

Mr. J. H. Foore.*—There are two 
points brought out in this paper which 
might merit further study. 

In the application of steel strand to 
overhead tower lines as ground wires, 
the problem of fatigue due to conductor 
vibration arises. Perhaps some further 
extension of these studies as to the 
treatment of wire during the drawing 
operation may give a higher fatigue limit 
by a fortunate combination of formulas 
for the carbon content and the per- 
centages of drawing. I merely suggest 
that as something to be studied. 

A second application which is of con- 
siderable interest to power and light 
companies relates to the method of 
fastening guy wires, which is of economic 
interest. For high-strength strand the 
use of bolted clamps is almost universal. 
Clamps are expensive, and very often the 
cost of clamps in a typical guy will 
equal or even exceed the cost of the 
strand. If we can eliminate the clamps 
we can save money, but to do that we 
must serve the strand at terminuses and 


2 Supervising Engineer, The Commonwealth & South- 
ern Corp., Jackson, Mich. 
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at insulators in the guy. Experience 
has been unfortunate in serving hard 
wire. It is brittle, and very often indi- 
vidual wires of the strand will break 
during the serving operation. Certain 
experiments performed a number of 
years ago indicated that the processing 
of the wire, the rate of drawing and the 
percentage of reduction had a vital 
effect on the success or failure of the 
serving operation. 

Mr. Dartrey Lewis* (by letter).— 
I have been particularly interested in 
the three alternative methods of plotting 
the increase of tensile strength by wire 
drawing, as presented in Figs. 4, 5 and 6 
of Mr. Godfrey’s paper. 

Figure 4, which plots tensile strength 
against reduction of area, gives the im- 
pression that the strength increases 
gradually during the early wire drawing, 
and then very rapidly in the later stages 
of wire drawing. 

Figure 5, in which tensile strength is 
plotted against elongation, gives the 
impression that the strength increases 
very rapidly at first and then gradually 
tapers off. 

In Fig. 6 the tensile strength is plotted 
against the logarithm of the strain. By 
this method of plotting, equal reductions 
of area per hole have equal horizontal 
spacing on the graph. It is believed 
that such a method of plotting is correct 
since, aS every wire mill man knows, 
equal importance should be attached to, 
say, a 20 per cent reduction of area by 
wire drawing whether it occurs at the 
first, middle, or last hole. However, the 
formula for strain used by Mr. Godfrey 
is complicated and not very suitable for 
every-day use. 

Equal spacing for equal reductions per 
hole can also be obtained by using a 
logarithmic scale on which is plotted the 
wire diameter. Mr. Godfrey’s figures 


*Chief Development. Engineer, John A. Roebling’s 
Sons Co., Trenton, N. J. 
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for the tensile strength of 0.67 per cent 
carbon steel have been replotted in the 
accompanying Fig. 1, using a logarithmic 
scale for wire diameters. At the bottom 
of the figure are shown the wire diameters 
for 10, 20, 30 and 40 per cent drafts. 
They illustrate that, with this type of 
plotting, equal reductions of area have 
equal horizontal spacings. Also plotted 
are the wire diameters corresponding 
to 10, 20, 30, etc., up to 95 per cent total 
reduction of area by wire drawing based 
on the original diameter. The loga- 
rithmic distortion of this scale should 
be noted. 
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Fic. 1.—Tensile Strength of 0.67 per cent 
Carbon Steel. 


This discussion is intended to be a 
plea for the graphical presentation of 
wire drawing data in which properties 
are plotted against the wire diameter 
represented on a logarithmic scale. 

It will be observed from the accom- 
panying Fig. 1 that the tensile strength 
increases more rapidly at the early and 
final stages of wire drawing than in the 
intermediate stages. However, up to 
85 per cent total reduction of area by 
wire drawing no great error will result 
from assuming equal increments of 
tensile strength per hole (straight line 
graph). On such a basis, the following 


= 210,000 (log D; — 
20 per cent Drafting. 
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formula for tensile strength may be 

written: 
S = K (log Di — log Ds) 

where S = increase in tensile strength 

in pounds per square inch, 

D, = initial diameter in inches, 
Dz = final diameter in inches, and 
K = constant. 

Applying this formula to Mr. God- 
frey’s figures for a 0.67 per cent carbon 
steel, the increase in tensile strength due 
to wire drawing is given by the following 
formulas: 

10 per cent Drafting. 
log De) 


5S = 234 ,000 (log log Dz) 
30 per cent Drafting. 
= 295,000 (log D; — log De) 

Mr. Howarp J. Goprrey‘ (author’s 
closure, by letter).—The author wishes to 
express his appreciation for the discus- 
sion of this paper. Mr. Winkler has 
emphasized the fact that there is no one 
optimum percentage of reduction which 
will produce the best physical properties 
for all kinds of steel wire. The author 
fully agrees with Mr. Winkler since the 
amount of wire drawing will be de- 
pendent on the desired physical prop- 
erties for a given type of material and 
service. 

The question of “‘size effect” in wire 
drawing is of extreme interest and might 
well be the subject of further research. 
There are certain fundamental changes 
that take place in steel as it is drawn into 
wire which are independent of the size of 
the wire. In the first instance wire 
drawing changes the original equiaxed 
structure to a tough fibrous structure. 
At the same time the plastic deformation 
work-hardens the steel and makes further 
deformation more difficult. Along with 
the fibering and work-hardening the 
original grains are fragmented and the 


4 Development Engineer, John A. Roebling’s Sons Co., 
Trenton, N. J. 
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aan (c) 88.2 per cent reduction. 


(d) 91.6 per cent reduction. 


= Fic. 2.—X-ray Diffraction Patterns of 0.67 per cent Carbon Steel Wire Drawn 30 per cent 
per Draft. 


crystallites formed tend to become 
oriented in one specific direction. This 
preferred orientation increases with the 
wire drawing and can be measured by 


means of X-rays. The results of X-ray 
diffraction studies on the 0.67 per cent 
carbon wire drawn 30 per cent per draft 
are shown in the accompanying Fig. 2. 
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DISCUSSION ON EFFECT OF DRAWING OPERATIONS ON STEEL WIRE 


The examination was made on the ma- 
terial near the core of the specimens after 
first removing the outer layers with acid. 


‘ The increase in the amount of preferred 


orientation represented by the concen- 
tration of the diffraction images into 
certain regions is very apparent as the 
amount of wire drawing increases. As 
a result of this preferred orientation the 
wire has definite directional properties. 

Mr. Foote has discussed a practical 
problem in which two definite properties 
are desired in steel wire, that of high 
strength and toughness. There is no 
doubt that the method used in processing 
the wire will effect these physical proper- 
ties. The bend test as described in this 
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paper may be one means of determining 
the best type of wire for the service 
conditions discussed by Mr. Foote. 

Mr Lewis has presented a method of 
plotting the physical properties which is 
very convenient, as it eliminates all 
computations for the true strain. The 
use of this method for denoting the 
amount of cold working would be of 
considerable aid in interpreting more 
logically the physical properties as 
affected by the amount of wire drawing. 

The author wishes to acknowledge the 
work of W. F. Boyer, former student at 
Lehigh University, who carried out the 
X-ray studies under the direction of 
H. V. Anderson of the University. = 
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COMPARATIVE QUALITY OF CONVE R’ R CAST STE 
By C. E. Siws! anp F. B. Dante! ent 
2 SYNOPSIS ste 
Because of a lack of adequate existing data, tests were run to determine the t 3 
- engineering properties of grade B converter cast steel in comparison with simi- wt 
7 as lar steels made by other melting processes. Steels made by acid open hearth, 
) basic open hearth, acid electric, basic electric, Triplex (cupola-converter- rel: 
~< » electric) and side blow converter were used. Except for the lower phosphorus wa 
We, of the basic open-hearth steel, compositions were very similar. Mechanical opt 
—e properties at room temperature followed well-known effects of composition and col 
_ inclusion type. Low-temperature notched-bar impact properties were found 19) 
‘s. | to be dependent upon deoxidation practice without relation to process of the 
v 7 manufacture. The same was true with strain age-hardening effects. Stand- 19. 
+.” ard fatigue and notched-bar fatigue results are in accord with tensile properties, én 
rather than with notched-bar impact properties. 
The authors conclude that the melting medium is of little moment in deter- 
mining the properties of cast steel and that the only way to insure any desired om 
property is to specify that property and test for it. a 
é 
no! 
The all-out war effort in which we are_ learn the proper technique faster than tio 
now engaged demands the utmost use of green men. an 
all available and suitable agencies of The possibilities of converter steel bel 
production. An unprecedented demand may have been overlooked because its ma 
for steel castings necessitates a greatly use was prohibited by certain specifica- cal 
increased productive capacity. One tions. Despite the great need for pro- mc 
method by which capacity may rapidly duction and more production, there is vie 
be expanded is the cupola-converter no logic in using materials not known to me 
combination. This method of steel pro- be suitable for a given purpose. Both fac 
duction has the further advantage that the Army and Navy Ordnance Depart- ma 
many of the cupolas are already avail- ments have used meticulous care to of 
able. Numerous gray iron foundries avoid falling into this error and have ‘ 
have been forced to discontinue manu-_ specified materials that they were con- in 
facture of their normal products, and fident would maintain the highest qual- ex] 
this has made available, not only cupo-_ ity in ordnance. dir 
las, but plants fully equipped with sand- In the case of cast steel, there were no En 
handling and molding facilities and crews adequate technical data with which to for 
of experienced molders. While not ex- make an impartial appraisal of the (2) 
perienced in steel casting, they can quality of converter steel as compared to use 
cast steel made by other processes and mur 
“a proven by actual use to be suitable. 
———__gespeetively, Battelle Memorial Institute, Columbus,Ohio, Although practically all cast converter = 
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steel is made in the side-blow converter, 
it was put in the general classification 
of converter or Bessemer steel, which 
for many years has been considered, not 
always with justice considering modern 
practice, to be inferior in quality to 
open-hearth or electric steel. The pres- 
ent paper supplies data by which the 
comparative quality of cast converter 
steel may be judged. 

The electric furnace was introduced 
to the foundries of the United States in 
1909 at a time when crucible steel was 
relatively expensive and the converter 
was almost the only producing medium 
open to the small jobbing foundry. The 
converter reached peak production in 
1918 with 180,000 tons, but by 1919 
the electric furnace had passed it. By 
1930 the converter had fallen to a pro- 
duction of 16,500 tons. 

Hamilton (1)? has clearly stated the 
conditions that led to the adoption of 
the electric furnace, but suffice it to say 
that they were mainly economic and 
not quality considerations. Deoxida- 
tion practice was not well understood 
and, as a result, there was a prevalent 
belief that the electric furnace could 
make the highest quality of steel be- 
cause it could maintain a reducing at- 
mosphere throughout the melt. This 
view has been modified, and today steel 
metallurgists in general regard it as a 
fact that the best quality cast steel is 
made when a thorough oxidation is part 
of the melting program. 

Some converter shops have remained 
in continuous operation, and these have 
experienced no trouble in meeting or- 
dinary commercial specificaticas. In 
England, a land of relatively small 
foundries, the converter was reported 
(2) in 1936 to be still the most widely 
used steel foundry melting medium. 


?The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references ap- 
pended to this paper, see p. 550. 
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Converter cast steel is well known for 
its high fluidity and relative freedom 
from pinhole porosity. 

The bad name acquired by converter 
steel must have been earned, and early 
converter steel was a relatively impure 
and unrefined steel. Most Bessemer 
steel was, and still is, made by blowing 
hot metal direct from the blast furnace. 
Side blow converters used cupola melted 
metal, and the charge to the cupola 
consisted mostly of pig iron with a small 
amount of scrap steel and scrap cast 
iron. Only acid converters have been 
used in the United States, and in these 
there is no phosphorus or sulfur removal. 
Indeed, these impurities were increased 
because of oxidation of iron. Because 
of inadequate controls, unusually high 
nitrogen contents were sometimes ac- 
quired. Thus converter steel was con- 
ceded to be impure, with high contents 
of phosphorus, sulfur, and nitrogen, and 
to be inferior in some mechanical 
properties. 

Today conditions: are changed. The 
modern hot-blast cupola can handle an 
all-steel charge, and a charge low in 
phosphorus and sulfur can be selected. 
Some sulfur is picked up from the cupola 
coke, but the soda ash treatment of 
molten cast iron for sulfur removal has 
been developed to such a state of ef- 
ficiency that sulfur specifications can 
readily be met with converter steel. If 
a high-phosphorus charge has been used 
and the phosphorus content of the blown 
metal is too high, it can be brought 
within bounds by a ladle treatment with 
a basic, oxidizing slag. Such treatments 
have been only recently developed but 
are proving successful in operation. 
Control of the metal composition charged 
to the converter and control of operation, 
such as is provided by the photoelectric 
cell, keep nitrogen content of the blown 
metal to a minimum. 

Now that side-blow converter cast 
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steel can be made to the same chemical 
composition as acid open hearth or acid 
electric cast steel, the present question 
is, does it nevertheless differ essentially 
in mechanical properties? It seemed 
that an appraisal of these properties was 
in order. 

The investigation was sponsored by 
the Whiting Corp. for the purpose of 
determining the facts, and contemplated 
as a follow-through a study of means 
to correct any deficiencies that might 
be found. All of the steels used were 
from regularly produced commercial 
heats. It is recognized that steel cast- 
ings are products of three factors: (1) 
the inherent engineering properties of 
the steel that is used, (2) the mechani- 
cal integrity of the casting, and (3) the 
heat treatment. 

The mechanical integrity of a casting 
is largely a matter of foundry technique, 
and no attempt was made here to deter- 
mine whether, as is often claimed, con- 
verter steel has superior castability. 
The heat treatment was a constant, and 
the investigation was concerned only 
with the comparative engineering prop- 
erties of these steels, under standardized 
conditions. 


MATERIALS USED 
Specimens of cast steel for testing 
were solicited from various commercial 
foundries. These specimens were in the 
form of coupons cut from keel blocks of 
the design shown in Fig. 1. All speci- 
mens were from the same design of keel 
block, except two heats (9551 and 9567, 
Table I), which differed only by being 
slightly greater in cross-section. The 
processes represented by the specimens 
are as follows: acid open hearth, basic 
open hearth, acid electric, basic electric, 
“Triplex” (cupola-converter-electric), 
and side-blow converter. 
An effort was made to obtain at least 
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two heats of each type from each con- 
tributing shop and to have two shops 
represented by each process. Triplex 
heats were obtained from only one shop 
and only one basic electric steel was 
secured. The request was made that all 
of these steels represent the current 
standard practice in use at any particular 
shop. The only exception to this was 
in converter heats 4 and C in which it 
was requested that titanium be used in 
addition to the regular deoxidizers and 
in converter heat D in which an addition 
of 2 lb. of aluminum per ton was 
requested. 


Fic. 1.—Cross-Section of Keel Test Block 
Used for Specimen Castings. 


In view of the prevalent use of alu- 
minum in cast steels, the normal expecta- 
tion would have furnished some open- 
hearth or electric steels deoxidized with 
aluminum. Such was unfortunately not 
the case and, in view of the trend of the 
results, two acid electric heats deoxidized 
with 2 lb. of aluminum per ton were later 
especially requested. Only one of these, 
heat 1163, was acquired in time for 
inclusion. This came from the same 
shop as heats 715 and 724. 


Heat Treatment: 


All coupons were received in the green 
or as-cast condition and all heats were 
given the same heat treatment. This 
consisted of heating the coupons to 
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On COMPARATIVE QUALITY OF CONVERTER CAST STEEL 535 
1650 F., holding for 2 hr., and cooling for a longer period will accomplish the 
separately in stillair. Onesetoftension same result. Any improvement in 


bars was machined and tested within ductility produced by this low-tempera- 
three days of the normalizing treatment. ture anneal is regarded, therefore, as a 


TABLE I.—CHEMICAL ANALYSES OF GRADE “B” CAST STEELS. 


~ Residual Metals | 
Sik | | __| Special Deoxidizers Added 
8 to Ladle, lb. per ton 
= | = | 68 38/58)! at | FeTi| CaSi| CaSiMn 
— a |& |6 |x |z | 
Actp Open HEARTH STEELS 
eo 0.21 | 0.69 | 0.42 | 0.030 | 0.035 | 0.11 | 0.05 | 0.01 | 0.006) 0.006 2 3 
SM ccdsccotaen 0.24 | 0.66 | 0.47 | 0.036 | 0.035 | 0.12 | 0.04 | 0.01 | 0.006) 0.005 2 3 
RRR AT. 0.33 | 0.67 | 0.36 | 0.036 | 0.036 | 0.05 | 0.02 | 0.04 | 0.060] 0.005 ak 
SS RES 0.30 | 0.85 | 0.37 | 0.035 | 0.033 | 0.04 | 0.02 | 0.04 | 0.051] 0.006 | 
Basic Orpen HEARTH STEELS 
NT a 0.27 | 0.58 | 0.46 | 0.013 | 0.025 | 0.15 | 0.14 | 0.06 | 0.016) 0.005 
SY 0.27 | 0.68 | 0.45 | 0.019 | 0.034 | 0.10 | 0.12 | 0.05 | 0.012| 0.005 
ot Rae 0.32 | 0.72 | 0.34 | 0.017 | 0.027 | 0.12 | 0.05 | 0.15 | 0.04 | 0.004 
CS eS: .30 | 0.77 | 0.34 | 0.016 | 0.029 | 0.12 | 0.06 | 0.17 | 0.03 | 0.004 
Acrp Etectric STEELS 
WS ek | 0.27 | 0.80 0.45 | 0.027 | 0.034 | 0.06 | 0.05 | 0.03 0.013} 0.008 | 3 
ese 0.26 | 0.72 | 0.39 | 0.026 | 0.036 | 0.08 | 0.03 | 0.06 | 0.009) 0.008 3 
nee 0.26 | 0.68 | 0.40 | 0.034 | 0.038 | 0.11 | 0.06 | 0.18 | 0.038] 0.010 4 
WUD. nas eect 0.24 | 0.66 | 0.39 | 0.035 | 0.040 | 0.11 | 0.06 | 0.16 | 0.034) 0.009 4 
SOUR. «vive | 0.26 | 0.68 | 0.49 | 0.036 | 0.037 | ... | ... | ... | ... | 0.009) 2 
Basic Exectric STEELS 
A | 0.34 | 0.88 | 0.28 | 0.033 | 0.035 | 0.12 | 0.19 | 0.43 | 0.06 | 0.007| 0.7 es = | 
ConveRTER-Acip Exectric STEELS (TRIPLEX) 
eee... eae | 0.30 | 0.73 | 0.40 | 0.029 | 0.035 | 0.36 | 0.04 | 0.08 | 0.056] 0.011) 22 2 
BOM, oc cicuccate 0.34 | 0.78 | 0.40 | 0.033 | 0.036 | 0.39 | 0.04 | 0.06 | 0.062| 0.011| 24 2 
BU 5. «eae 0.33 | 0.58 | 0.31 | 0.023 | 0.041 | 0.38 | 0.03 | 0.08 | 0.005) 0.012| 2° 2 
Pa 0.35 | 0.73 | 0.35 | 0.059 | 0.047 | 0.43 | 0.03 | 0.10 | 0.004) 0.010) 2° 2 
CONVERTER STEELS 
| | | 
b. Siigdccduate 0.26 | 0.77 | 0.55 | 0.034 | 0.041 | 0.19 | 0.04 | 0.09 | 0.008) 0.008) 2 
D. chevviokt ome 0.26 | 0.66 0.38 | 0.032 | 0.027 | 0.09 | 0.04 | 0.06 | 0.006| 0.009) 2 
, SES. 0.27 | 0.65 | 0.37 | 0.038 | 0.026 | 0.09 | 0.05 | 0.06 | 0.007) 0.009 2 
€ cic vveetebile 0.26 | 0.50 | 0.32 | 0.033 | 0.028 | 0.14 | 0.03 | 0.05 | 0.007| 0.009| 2 2 
EE: “8 - 0.29 | 0.50 | 0.33 | 0.040 | 0.031 | 0.09 | 0.02 | 0.085} 0.008} 0.006] 1 ed 
SRS. | 0.33 | 0.85 | 0.43 | 0.043 | 0.035 | 0.09 | 0.02 | 0.072) 0.018] 0.008) 1 ms, 
i A 0.33 | 0,64 | 0.39 | 0.049 | 0.038 | 0.10 | 0.03 | 0.079) 0.018) 0.007) 1 1.7 
0.29 | 0.73 | 0.36 | 0.044 | 0.035 | 0.09 | 0.03 | 0.077) 0.014) 0.007) 2.25 


@ Aluminum added to electric furnace in these heats. 


All the rest of the coupons were annealed qualitative evidence of hydrogen em- 
at 750F. for 15 hr. This annealing  brittlement in the normalized bars. 
temperature was chosen because it is we 
haabe to eradicate hydrogen embrittle- Composition of Steels: 

ment without affecting the tensile In most instances, plant analyses were 
strength of a normalized medium-carbon furnished with the steel specimens, but 
steel. Aging at normal temperatures all steels were analyzed at Battelle and, 
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in addition to the 
copper, chromium, nickel, molybdenum, 
and nitrogen were determined. In those 
ew cases where the plant analyses and 


(b) Type | Il inclusions. 


Fic. 2.—Types of Inclusions Found in Cast Steels, Unetched 500). 


Battelle determinations did not agree, 
an umpire analysis was made by a third 
laboratory. 

The compositions are shown in Table 
I. It will be noted that although the 
carbon varies from 0.21 to 0.35 per cent, 
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the manganese iia asda to 0.88 per 
cent, and the silicon from 0.28 to 0.55 

per cent, they all come in the grade B 
classification. Some question might be 


Type 


raised in regard to the chromium and 
nickel content of the basic electric 
furnace steel E-1 and the copper content 
of the Triplex steels because these resid- 
uals undoubtedly affect the properties 


as will be pointed out later. sh. 
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As might be expected, the basic open- 
hearth steels are lower in phosphorus 
than any of the others, while the con- 
verter steels as a class are slightly higher 


the ladle and made the dephosphorizing 


slag too acid. 


The basic open hearth also has a slight 
advantage in sulfur content, but the de- 


QuALITY OF CONVERTER CAST STEEL 


TABLE II.—MECHANICAL PROPERTIES OF GRADE “B” CAST STEELS. 


Note.—Tensile values and Charpy impact values are averages of duplicate tests. 


Izod values are averages of three 


tests. 
1d h T Reduction | Impact | 
| | | | Ze suenginas| Ze | 
| percent | Normalized| = 
S oa Sz | Ss | Oa = as 
| = 4 
Acip Open HEARTH STEELS 
ey 49000 | 46500 | 74500 | 74500 33.5 | 32.0 | 57.0 55.5 147 3M 25 7 to8 I 
i xk ceostanue 000 | 43000 75000 | 75000 33.0 | 34.0 | 57.0 | 56.5 142 32 | 2 7 to8 I 
| & eee « 46 500 | 46000 84000 | 83000 28.0 29.0 | 47.0 46.5 162 22 |} 18 6to7 I 
ee... teas 49 000 | 47500 | 86500 | 87000 | 29.5 29.0 | 49.5 | 49.5 | 169 | 22 | 18 6to7 | I 
Basic Open HEARTH STEELS 
ae ne 45000 | 45 500 | 74 006 75 500 29.0 | 33.0 | 38.0 | 56.5 144 40 27 6to7 I 
RRR hoo 46 000 | 40000 | 78000 | 79500) 31.5 | 32.5 | 56.5 | 57.0 150 36 26 7 I 
ERR ey 5" 48 500 | 46500 | 82500 | 81500 | 31.0 | 31.5 | 52.5 | 52.5 162 34 22.5 7 I 
OS... Teas 47 500 48 000 | 80.000) 80 $00 | 32.0 | 33.0 | $3.5 | 55.5 | 157 29 24 6to7 | I 
Acip Etectric STEELS 
56.000 | 48.000 | 83000 | 81000 | 28.5 | 28.5 | 49.0! 49.5| 165 | 28 | 20 8 I 
724. 52 500 | 47500 | 80000 | 80000 | 30.5 | 30.0 | 54.0 | 54.0 157 29 | 23 8 I 
. Perey 50 500 | 49000 | 82500 | 82000 | 29.0 | 30.0 | 53.0 | 52.0 162 25 20 7 1 
ere | 47000 | 47000 | 78500 | 78500 32.0 | 30.5 | 53.0 | 54.5 155 27 21.5 7 | I 
BOGS. i. eos | 47 000 46 000 75 000 | 75000 | 27.0 | 29.0 40.0 45.0 142 we 22 7 to8 Ill 
Basic ELectric STEELS 
Wi. taeecie 59 000 | 60 500 | 92 000 | 93 500 | 20.0 | 23.0 | 26.5 | 33.0| 188 | 19 (12 | Tto8 | I 
CONVERTER-ACID ELEctRic Streets (TRIPLEX) 
58 500 | 53500 | 84500 | 87.000 | 28.0 | 26.0 | 44.5 | 35.5| 170 | 34 | 19 8 III 
BPO os chins Ghee 58 000 | 55500 | 87500 | 87 500 | 25.5 | 24.5 | 35.0 | 37.0 174 | 33 18.5 8 III 
> ree eer 47500 | 47500 | 81000 | 81000 | 20.0 | 24.0 | 29.0 | 33.5 a 15 6 to 8 Ill 
 < eor ee 61 000 | 55 500 90 000 91 500 23.0 23.5 32.0 | 30.0 176 21 13 8+ Ill 
CONVERTER STEELS 
1 | 53000 | s3s00 | 80500! 81000 29.5 | 31.0] 45.0) 49.5| 155 | 38 | 21 Ill 
2 46000 | 74500 | 75000 | 28.0 | 33.0 | 42.5 | 55.5 146 44 | 28 8 Ill 
3 48000 | 76500 77500 27.0 | 31.0 | 44.5 | 53.0 152 | 42 26 7 to8 Iil 
4 47000 | 72500 | 73500 | 29.0 | 31.0 | 47.0 | 50.0 143 43 25.5 8 Iil 
44500 | 77000 | 76500 | 28.0 | 31.5 | 40.5 52.0 148 28 | 23 7 Ill 
58 500 87500 88000 | 19.0 | 24.0 | 22.5 | 34.5 172 26 | 13 8 II 
55.000 | 85 500 | 85.000 | 22.5 | 23.5 | 32.0 | 31.0| 168 30 13 II 
50.000 | 81.000 | 80000 | 27.0 | 30.0 | 47.0 | 48.5| 157 | 39 | 23.5| 7to8| 


in phosphorus than the acid open-hearth 
and electric steels. The Triplex steels 
were given a ladle dephosphorizatiop 
treatment which was effective except in 


sulfurizing treatment of the cupola metal 
has put the converter steels on a par with 
the acid electric and acid open hearth 
in respect to this impurity. 
Nitrogen contents were determined by 
— 
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Cunningham distillation method Microstructures 
which j is standard for wet methods, but Microscopic examinations were made 
the accuracy of the reported results is to determine the nature of the inclusions 
not considered greater than +0.002 per and the grain size, inasmuch as both are 
cent. Certain trends, nevertheless, are known to affect the mechanical proper- 


if TABLE III.—LOW TEMPERATURE NOTCHED-BAR IMPACT PROPERTIES OF GRADE “B” STEELS. 


Single-Width Charpy (Keyhole Notch) Impact Strength, ft-Ib. 


3 
Steel 


= 
F, 70F. | 32F. oF. | -20F. | —60 F. —80 F. 
Ss Max. Min. Max. Min. Max. Min. | Max. Min. | Max. Min. | Max. Min. | Max. Min. | Max. Min. 
Acip Open HEARTH STEELS 
30.5 30.0! 27.5 23.0| 22.5 21.5| 21.0 20.0| 19.5* 17.0 2.0 2.0). 
I) 32.5 32.5| 24.5 24.0 18.5 18.5) 22.5° 5.5 20.0 4.0/17.0 2.0 2.0 2.0]. 
I) 22.0 21.5 19.5 16.5, 13.5 12.5| 14.5% 7.0 8.0 3.0 1.5 1.5 
18.0 17.5) 16.0 14.5) 14.0 13.0 12.0* 3.0 2.0 1.0 1.0 
Basic Open HEARTH eae 
1| 34.5 32.0, 27.5 27.0| 23.0 22.0| 23.0 22.0| 20.5 16.5 * 18.0 3.0) . 
34.5 34.0) 27.0 25.0) 22.0 22.0) 21.0 21.0] 21.5 19.5| 18.0 * 2.5| 10.0 2.0) . 
I .... ....| 24.5 20.5] 18.0 12.0] 16.0 16.0, 17.0° 5.0 2.0 2.0). 
1] 28.5 28.5 25.0 22.5] 21.0 20.5) 15.5 14.0, 13.0° 3.5] 3.0 2.5)... 
ELectric STEELS 
| 29.0 26.5) 20.0 19.5| 21.5 18.0) 14.5% 4.0 19.0 2.0 2.0 2.0 
1 27.0 26.0) 24.0 22.0 19.0 16.0| 18.5 18.0 15.0* 3.5, 2.0 2.0... ....|. 
25.0 24.5 21.5 18.0 14.0 13.0) 15.0% 5.0 10.0 2:5) 7.5 1.0 1.0 1.0 
1025... 27:0 26.0, 22.5 15.8 13.5, 19.0 17.5| 16.0 14.0 9.0* 1.0 1.0 
1163... 23.0 19.5 23.5 21.0) 20.0 19.0) 17.5 16.5, 15.5 15.0| 12.5 11.5 13.5 9.5* 2.0 


Basic Exectric STEELS 


n| 15.0 13.5| 12.5 12.0| 10.0 10.0, 7.5 7.0| 6.5 6.5 6.0| 3.5 2.8| .... 


Converter-Acip Exectric STEELS (TRIPLEX) 


19.5 18.5, 18.5 12.5 11.5 10.0 9.5 10.5 9.0 15.5 ... 
19.0 18.0 13.0 11.5) 16.0 11.0 10.5 9.0 13.5 9.0 8.5)... 
16.0 14.5 13.0 12.0 10.5 10.0 11.5 10.0 10.5 10.0 9.0* 5.0| 6.5 (5.5 
14.0 12.3, 10.0 9.0, 9.5 7.0 12.5 12.0 14.0 6.5 4.0 3.0 2.0 
CONVERTER STEELS 
22.5 20.0 20.0 18.0 14.5 14.0) 17.0 16.0 14.5 12.5 15.5 15.0 12.0 12.0 
7.3 27.0\ 25.0 24.0| 23.0 23.0 21.0 20.51 19.5 17.5 18.0 16.0 14.5 14.5 
26.0 25.5) 25.0 23.0| 24.0 20.5, 20.0 18.5| 18.5 13.5 18.0 17.5, 17.0 14.5 
26.0 25.0 22.0 21.5 21.0 19.5 17.5| 16.0 11.0 17.0 15.5* 9.0 
24.0 21.5 16.0 14.5 16.5% 9.5\ 11.0 5.0 10.0 8.5 5.5 3.5 
13.5 12.0: 10.0 10.0 9.5 9.0 7.5 7.0 7.0 2.8 2.0 
13.0 12.51 10.0 10.0 14.0 7.5 10.0* 4.5) 3.5 2.8 4.5 2.0 2.0 1.5 
23.5 23.5, 18.0 15.0, 16.0 11.5, 12.5 11.5, 11.5 11.5, 13.0 9.3 7.5% 5.0 


apparent. The Triplex steels have the ties. Except that the high sulfur steels 
highest content with an average of about had more sulfides than those low in 
0,011 per cent; the straight converter sulfur, there was no notable difference in 
cleanliness. 

The type of inclusion was found to co- 
incide closely with the deoxidation prac- 
while the open-hearth steels have a still tice and particularly with the use of 
lower range of 0.004 to 0.006 per cent. aluminum, as described by Sims and 


steels and acid electric steels are in the 
same range of 0.006 to 0.010 per cent, 
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Upper micrographs—acid open hearth steels 493 (left) and F-1 (right). 
Middle micrographs—basic open hearth steels 9551 (left) and 0-1 (right). 
ths Load iw Lower micrographs—acid electric steels 715 (left) and 1009 (right). 
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Dahle (3). When no aluminum was 


used, regardless of whether calcium or 
titanium were used, the inclusions con- 
sisted of globular sulfides and silicates 
as shown in Fig. 2(a). These are desig- 
nated type I and steels with this type are 
inclined to have good ductility. 


Se 


When additions of aluminum too small 
to leave an appreciable excess are used, 
the silicates disappear and the sulfides 
assume the form of an eutectic as shown 
in Fig. 2(6). Such chain or film type 
sulfides, strung along the primary grain 
boundaries, act as zones of weakness 
and produce poor ductility. This was 
described by Sims and Lillieqvist (4). 


Sims AND DAHLE 


These inclusions are designated as 
type II. 

If aluminum is used in sufficient 
amount to leave an appreciable excess, 
the sulfides are larger, farther apart, and 
are irregular in shape or are crystalline. 
Many duplex inclusions appear. These 


th” 
Fic. 4.—Grain Structures in Cast Steels, Etched in Nital (X 100). 


are type III inclusions and an example 
is shown in Fig. 2(c). Steels with these 
inclusions have good ductility but not 
quite so good as with the type I inclu- 
sions. The type of inclusions is shown 
in Tables II and III. 

The grain size listed in these tables is 
the grain size of the steels as normalized 
from 1650F., the condition in which 
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they were tested. 
size does not vary over a wide range, it 


Although the grain 


does show the aluminum deoxidized 
steels to have the smallest grain size, 
with the titanium deoxidized steels show- 
ing an advantage over those with no 
special deoxidizer. This is illustrated 
in Figs. 3 and 4 where examples of each 
series of steels are shown. 
MECHANICAL PROPERTIES © shes 
Room-Temperature Tests: 

The data in Table II, covering tension, 
hardness, and notched bar-impact tests, 
give a general comparison of the proper- 
ties most commonly determined for these 
steels. The yield and tensile strengths 
shown are slightly higher than those 
ordinarily obtained commercially for 
similar compositions because the indi- 
vidually handled laboratory bars cooled 
somewhat faster. The yield and tensile 
strengths, however, follow the composi- 
tions very closely. High carbon or man- 
ganese content, or a combination of high 
carbon and high manganese, produce 
high strength. The chromium and 
nickel content of heat E-1 has increased 
the strength of this steel, whereas the 
copper in the Triplex steels has a 
negligible effect. 

The draw or low-temperature anneal 
caused a slight average drop in the yield 
strength but had no effect on the tensile 
strength. 

Other things being equal, the ductility 
tends to vary with the composition. 
Carbon and sulfur are the most potent 
elements and the ductility decreases as 
either or both of these elements increase. 
Superimposed on these effects, however, 
is the strong effect of inclusion type and 
it will be observed that all of the steels 
with type I inclusions have very good 
ductility. 

The three steels with type II inclu- 
sions, E-1, B, and C, all have poor duc- 
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tility, although this can be accounted 
for in part by the high carbon contents. 
With the exception of the Triplex steels, 
all of the steels with type III inclusions 
have good ductility but average a little 
lower than those with type I. The 
ductility of the Triplex steels is some- 
what lower than can be accounted for by 
composition, but some of the inclusions 
in these heats are close to type II. 


Hydrogen: 


Hydrogen embrittlement, as indicated 
by the improvement of ductility pro- 
duced by the draw, is present in the basic 
open-hearth heat 9551, acid electric heat 
1163, basic electric heat E-1, and the 
converter steels 1, 2, 3, 4, A, and B. 
This indicates a greater prevalence in 
the converter steels, although some 
trouble with hydrogen is not uncommon 
in the other steels. There is some indi- 
cation that present practices tend to 
minimize this trouble. 


Brinell Hardness: 


Brinell hardness numbers were taken 
on sections cut from the center of the 
coupons and, as usual, follow the tensile 
strengths very closely. 

Notched-Bar Impact: 

Notched-bar impact tests were made 
both on V-notch Izod specimens and key- 
hole-notch Charpy specimens. The 
Izod values, although higher, follow the 
same trends as the Charpy figures and 
both, in general, bear a close correlation 
to the ductility. Comparing steels with 
the same ductility, however, it is ap- 
parent that the aluminum deoxidized 
steels have the highest average impact 
ratings, whereas those treated with 
titanium show no advantage over those 
without a special deoxidizer. It so 
happens that most of the aluminum 
deoxidized steels are converter steels, 


x 
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but because this effect of aluminum is 
well known, no significance is given to 
the method of production. 

All of the properties in Table IT, there- 
fore, seem quite orthodox for grade B 
steel and can be accounted for by com- 
position and deoxidation practice. 
Low-Temperature Notched-Bar 
Tests: 


Impact 


One of the properties in which con- 
verter steel has been alleged to be espe- 
cially vulnerable is notch sensitivity at 
low temperatures. However, data are 
on the record (5) for properly aluminum- 
killed Bessemer pipe (0.15 per cent car- 
bon) that gave Charpy values of 50 ft-lb. 
at room temperature, 34 at —25 F., 
and 21 at —50 F. Large tonnages of 
such pipe have been in successful com- 
mercial use over a period of years. 
While this behavior of wrought steel 
leads to the expectation of similar be- 
havior of cast steel, direct evidence was 
lacking. 

Considerable attention was given, 
therefore, to low-temperature notched- 
bar impact tests in the present study. 
It is well known that such tests differ- 
entiate sharply between steels properly 
and improperly deoxidized, whereas the 
static tensile properties at low tempera- 
tures donot. All the impact tests at low 
temperatures were made with standard 
keyhole-notch Charpy bars, single and 
double width. 

The specimens were cooled by immer- 
sion in a bath of acetone and dry ice and 
were broken within 3 sec. after removal 
from the bath. During this interval, 
they would warm up from 2 to 4 F. and, 
to compensate, the bath was held to a 
temperature 3 F. below the desired 
breaking temperature. Each bar was 
held 15 min. at temperature while the 
bath was agitated, ‘before testing. 
In all cases, the tests were made in 
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duplicate but further check tests were 
made when it seemed to be desirable. 
Check tests were made primarily where 
the original duplicate tests gave erratic 
results. In Table II], where the data 
for single width specimens are recorded, 
only the maximum and minimum values 
are listed, regardless of the number of 
tests made. 

It will be observed from this table 
that the impact values gradually de- 
crease with drop in temperature until 
suddenly they become very erratic or 
drop to a much lower figure. It is this 
drop-off, where the steels change from a 
relatively tough to a brittle material, 
that is important to determine. It is 
obvious, of course, where duplicate tests 
give such values as 17 and 2 ft-lb., that 
chance might just as well have given 
either two high values or two low values. 
Too much importance, therefore, must 
not be placed on individual figures; 
trends are of greater moment. 

Among the acid open-hearth heats, 
the first heat begins to show erratic 
values at —20 F., the second and third 
at 0 F., and the fourth at —20 F. At 
— 40 F. three show extremely low values. 

The basic open-hearth heats held up 
better and the first two show no drop-off 
until —40 F., while the next two drop 
off sharply at —20 F. The better 
properties of these steels may be at- 
tributed tentatively to the relatively low 
phosphorus content. These steels had 
no special deoxidation. 

Erratic results were obtained at 0 F. 
for the first and third acid electric steels, 
at —20 F. for the second, while the 
fourth failed at —40 F. The fifth heat 
of this series (1163), however, exhibits 
no erratic behavior but only a gradual 
reduction in impact value down to 
—80 F., where a sharp drop was ob- 
tained. It should be noted here that 
the first four steels were treated with 
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=f titanium and calcium, w sem the last 


af was deoxidized with 2 lb. of aluminum 
ton. 

= The basic electric heat, starting rather 
low, shows no inconsistency and falls 
gradually to a low value at —60 F. 
_ The nickel content of 0.43 per cent is 
thought to be of benefit in this steel be- 
foe the aluminum content is too low 


for the best effect. 
The Triplex steels held up very well 
' down to —60 F. Only heat H-42, 
: ; which has a low value at room tempera- 
- ture, shows erratic behavior at —40 F., 
“St but none of them shows a reduction to 
Jess than half the room temperature 
i value until —60 F. is reached. The 
yee 


copper content of these steels undoubt- 
edly aids the low-temperature properties 
but they also were deoxidized with 2 lb. 
of aluminum per ton. 

The converter steels, heats 1 to 4, in- 
clusive, have easily the best low-tempera- 
ture properties. Only heat 4 begins to 
show erratic results at —80 F. All of 
these steels had an addition of 2 lb. of 
aluminum per ton. Heats A, B, and C 
to which 1 lb. of aluminum per ton was 
added begin to fail in the range of 
—20 F. to —40 F., whereas heat D to 
which about 1.5 lb. of aluminum was 
added is consistent down to at least 
60 F. Generally speaking, all speci- 

mens which gave impact values less than 

about 5 ft-lb. had brittle fractures, while 

_ those above this figure showed some 
toughness. 

Data from Table III are shown graphi- 
cally in Fig. 5. There is some scatter 
in the data but it is believed that straight 
lines represent the true trend. For those 

_ gteels showing a sudden change from 
tough to brittle fracture two separate 
curves are drawn, because in most in- 
stances, there are no intermediate data. 
Where the upper and lower curves over- 
lap, however, there is apt to be some 
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Superficially, these 
notched-bar impact values seem to show 
a distinct advantage for converter (in- 
cluding Triplex) steel, but the evidence 
of acid electric heat 1163 and the con- 
verter steels B and C clearly indicate 
that the melting medium is of secondary 
importance at best and that the deoxida- w 
tion practice is paramount. The value N 
of deoxidation and aluminum additions 
in enhancing the low-temperature tough- 
ness of steels has been shown by Herty 
(6), and by Kinzel, Crafts and Egan (7). 

An exception to the above statement 
should be made in the case of the basic 
open-hearth furnace, if it can be shown 
that low phosphorus content, which is 509 | 


more or less inherent to the process, is Ap 
responsible for the good properties shown a 
by these steels. — 
9551 
Double Width Charpy Bars: — 
0-2 


As a further check on the low-tempera- 
ture notch brittleness of these steels, a 
limited number of double width Charpy 715. 
bars were broken at temperatures in the 
region of the drop-off shown by the single 
width bars. As shown by Hoyt (8) and x 
by McAdam and Clyne (9), a double E-1 
width Charpy bar of a tough steel will 
require approximately double or at least 
a substantially greater amount of energy a 
to break as for a single width specimen = 
of the same steel. A brittle or notch- 
sensitive steel, on the other hand, will 


break with considerably less energy ab- 
sorption for a double-width specimen. 5. 
All tests were made in duplicate at one 
each temperature used, but only the es 
lower figure for each temperature is a3 
recorded in Table IV with the minimum 
values for the single width specimens ness 
taken from Table III. wid 
It might be expected that these results pro} 
would show a different trend or be more as 
erratic, yet they present substantially of b 
the same picture. For convenience, hig] 


asterisks are placed between results at 


; 
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the highest temperature where the width specimens, but in a few cases, this 
double width value is not substantially _ is reversed. 

greater than the single width value or 
where both figures are very low. The 
position of these asterisks corresponds The ability of a material to retain its 
very closely to where the notch brittle- impact strength after strain age har- 


Strain Age-Hardening Effects: 


TABLE IV.—COMPARISON OF LOW-TEMPERATURE NOTCHED-BAR IMPACT STRENGTHS FOR SINGLE 
AND DOUBLE WIDTH SPECIMENS. 
Note.—Minimum values of two or more tests given in table. Asterisk placed between values where double width 
specimens first do not show substantially greater values than single width specimens or where both values are very low. 


Charpy (Keyhole Notch) Impact Strength, ft-lb. 


j im Steel Testsat32F.  TestsatOF. | Testsat —0F. Tests at —40 F. | Tests at —60 F. | Tests at —80 F. 
fa: | Single Double Single ‘Double Single Double Sin le Double Single Double Single ‘Double 
5 | Width Width | Width Width | Width Width | Width Width Width Width | | Width Width 


Actp Open HEARTH STEELS 


| as | | 35 25° 45 le... 
18.5 42.5 5.5 41.0 4 24 2 
12.5 25.5 7 2 4.5 3 3.3 | 
F-2 14.5 21 13 25 3 ee 2 3.5 | 
Basic Open HEARTH STEELS 
22 49 20 36.5 * 
22 50 19.5 34.5 2 
12 40.5 16 25 45.° #7 2.5 5 
14 31 3.8 62 2.5 5.5 
Evectric STEELS 
16 46.5 18 3.5 §.8 2 4.5 
5 21.5 2§°° 34 1 4 1 3 
13.5 37.5 | 17.5 ° 6 3 1 3 
Basic Evectric STEEL 
Trirtex STEELS 
ll 27 9 19.5 8.5 21.5 16 
| 10 22 10 19 5.0 16 $.3,° Ds 
7 18 12 16 4.0 11.5 24° ® 
CONVERTER STEELS 
| 14 28.5 | 16 29.5 19.5 | 12 20.5 
23 44 | 20.5 Wie 16 29 14.5 * 4.5 
| 20.5 39.5 | 18.5 25 17.5 27 14.5 29 
eneccttueises 9 14 7 17.5 4.5 12 5.5 16 2 °F 
11.5 33 11.5 22 9.5 22 5 16.5 


ness was first manifested by the single dening is often considered of importance 
width results and the advantages of in evaluating it for some applications. 
proper deoxidation is demonstrated just Converter steels have been considered 
as clearly. In general, the first signs to be especially susceptible to strain age- 
of brittleness are observed at a slightly hardening effects because of a supposedly 
higher spear with the double- high nitrogen or oxygen content. inal 
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center of the Four 
specimens were machined from each 
steel, two of which were tested as cold 
worked. The duplicate pair of speci- 
mens were aged at 475 F. for 30 min. and 


view of this, a number of comparative 
tests were made on the cast steels. 
Specimens of the normalized and 
drawn coupons were machined to over- 
size dimensions for the standard impact 


bar. These were then compressed in then tested at room temperature. Aver- 
TABLE V.—EFFECT OF STRAIN-AGING ON NOTCHED-BAR IMPACT PROPERTIES. 
Reduction in 
| Normalized | Cold Worked 10 | Cus Impact 
and Drawn per cent Strength, per 
cent 
= Deoxidation Practice 
Rock- ioe] Rock- | arse, | After Special Deoxidizers 
Charpy, = Charpy, 2 Charpy | = Cold on, 
ft-lb. | pard- | | | Hard be | ing and | 
ness ness ness ng Aging 
Acip Open Hearn STEELS 
ae pe AE | 25 % lau 88 12 88 32 52 Fe Ti and Ca Si 
aoe > | 24 81 16.5 90 5 90 31 79 Fe Ti and Ca Si 
| 18 85 10 5 44 72 None 
18 86 10 4 95 44 78 None 
ik Bastc Open HEARTH STEELS 
eee so | 20.5 | 88 16.5 | 89 27 39 | None 
26 80 4. 39 None 
aes 22.5 83) 16 | 92 10 94 eS 56 None 
| 8 | 16.5 | 9 | None 
| a | om | | o2 | | 583 | FeTiandCaSiMn 
Geiss ches 23 83 15 91 9 91 35 70 Fe Ti and Ca Si Mn 
Seas 20 85 5 92 5 ae et Fe Ti and Ca Si Mn 
81 2 | | 4 % | 44 | 8 | Fe Tiand Ca Si Mn 
Basic Evectric STEELS 
| 12 | | | | « | » | @ | | Al 0.033% 
Converter-Actip Exectric (TRIPLEX) 
| 1s) | 2 | of | 37 Al 0.10% 
H-34 ok eee 84 13 90 10 94 31 46 Ai 0.10% 
H-38 15 82 10 88 8 me |e 47 Al 0.10% 
H-42 3 | 0 | 65 | 9 | 2 |. 50 Al 0.10% 
CONVERTER STEELS 
| 15.5 | 9 | 35 | | Al 0.10% 
78 24 87 17 87 14 | 39 Al 0.10% 
79 | 2 88 18 89 23 31 Al 0.10% 
76 | 19 86 17 87 25 | 30 Al 0.10% 
81 il 90 4.5 92 $2 | 80 Al 0.05% 
87 6.5 04 6 94 50 54 Al 0.05% 
84 10 92 8.5 93 23 35 Al 0.05% 
| 133 | 11.5 92 45 51 Al 0.110% 


* Aged 30 min. at 475 F. 


the center of the specimen for about 
1 in. on either side of the notch location 
until they were cold worked 10 per cent. 
The specimens, after the cold working 
treatment, were next finish machined to 
size and the keyhole notch put in the 


age results obtained in the impact tests 
are shown in Table V. Rockwell “B” 
hardness data are also given in the 
table, and it will be noted that the major 
increase in hardness of the steels occurs 
after cold working. The aged specimens 
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show only minor differences in compari- 


yur 
ich son with the cold-worked specimens as 
old a result of the aging treatment. 

ci- Impact strength values, on the other 
ind hand, show marked reduction, the major 
er- portion of which occurs in some of the 


steels after cold working and in others 
after aging. This is best illustrated in 
the percentage of reduction figures shown 
in the table. It will be noted, in com- 
* paring these data with the deoxidation 
s practice used, that some relationship is 
evident. Those steels having no strong 
deoxidation treatment, as a rule, are 
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dad 


the aging tendencies of these steels has 
a corollary in its effect on aging in deep- 
drawing steels. In the rimming steel 
grade of deep-drawing steels, no alu- 
minum is used and the steel is strongly 
susceptible to aging after the temper 
rolling following the annealing operation. 
When this grade of steel has been killed 
with aluminum, however, it loses its 
aging characteristics to a large extent 
and is known as a nonaging killed steel. 


Fatigue Properties: 


The fatigue or endurance strengths of 
the grade B steels has assumed an im- 
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Thermocouple 
Mn 
\ 
/ | 
C—Enclosed 


much more susceptible to aging after cold 
working than are the steels fully de- 
oxidized. It will be observed in the data 
that the former steels show substantially 
{ larger decreases in impact strength after 
aging than do the latter steels. The 
steels receiving the strong deoxidation 
have the major reduction in impact 
strength occurring after cold working, 


re as will be observed in the tests on the 
tke converter group of steels. The two 
najor basic open-hearth steels, 9551 and 9567, 
teadin are apparent exceptions to this rule and 
a ee show good resistance to strain aging. 


The effect of deoxidation on 
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" 1G. 6.—Diagrammatic Sketch of Low-Temperature Fatigue Equipment. 


Temperature controlled by thermocouple. : 


portance greater than normal during the 
present emergency. Very few data are 
available on cast steels which could be 
used in comparing the various steels — 
produced by the different melting units. _ 
A few tests were, therefore, made on | 

representative steels from each group is : 
received. In order to obtain a fairly _ 
complete analysis of the fatigue proper- 
ties of the steels, two types of specimens 
were run in the tests. These were stand- — 
ard smooth specimens and Kommers — 

square-notched specimens. Two of the a 
steels, the acid electric steel 724 and 
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4 Fic. 7.—Fatigue Curves for Acid Electric 4 — 724 as Normalised from 1650 F. and Drawn 
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Fic, 8.—Fatigue Curves for Converter Cast Steel 3 as Normalized from 1650 F, and Drawn at 750 F. 
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converter steel 3, were also tested at 
—40 F., using the notched specimens 
only. A cross-section of the low-tem- 
perature box used in the tests is 
illustrated in Fig. 6. Similar low-tem- 
perature tests were run previously at 
Battelle and the operation of the equip- 
ment is described in detail in a paper by 
Russell (10). 

The fatigue data obtained are shown 
complete in Table VI, and fatigue curves 
for two of the steels are plotted in Figs. 
7 and 8. Data for the standard speci- 
mens show a distinctly higher endurance 
ratio for the two acid steels than for the 
basic and converter steels. Inasmuch 
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appear to be influenced by deoxidation 
practices in the same manner as some 
other properties tested. 


SUMMARY OF RESULTS 


Commercial cast steels made by six 
processes of melting were compared as 
to composition and mechanical prop- 
erties. The compositions of all were 
normal. 

The basic open-hearth steels had lower 
phosphorus contents. If the identifica- 
tion were to be removed from the others, 
it would be difficult to decide by what 
process they had been made. 

The converter steels, as a group, were 


TABLE VI.—FATIGUE PROPERTIES OF GRADE “B” CAST STEELS. 


; Endurance Limit of Steels Endurance Ratio, Endurance 
ta is Limit/Tensile Strength 
Un- | | Notched | Une | Notched 
notched | 4+ Room | Notched | | at Room | Notched 
at Room Tempera- at —40F. at Room Tempera-| at —40F. 
Acid open hearth steel No. 493....................... 38 000 22 000 Ape 51 29.5 deee 
Basic open hearth steel No. 9551..................... 35 000 22 000 a 46 29.0 gees 
electric steel No: 40 000 25 000 24 000 50 31.0 30.0 
Basic electric Dio. 40 000 27 000 date 43 29.0 
33 000 24000 22000 | 43 31.0 28.5 


as only one heat from each group was 
run, however, no generalization can 
be made. 

The notch endurance tests at room 
temperature, on the other hand, have a 
striking uniformity which shows no pref- 
erence for any group. Likewise, the two 
steels tested as notched bars at —40 F. 
give very similar results. Since Steel 
724 had only 2 ft-lb. Charpy impact 
resistance at —40 F., it is evident, as 
might have been expected, that fatigue 
properties do not reflect the type of 
brittleness brought out by single-blow 
notched-bar impact tests but, instead, 
fall in line with the static tensile prop- 
erties. All of the endurance limits are 
within norma] expectations and do not 


@ Kommers square notch specimens used at room temperature and at —40 F. 


deoxidized with aluminum, whereas only 
two of the other steels were aluminum 
killed. 

The microstructures were governed by 
the deoxidation practice, both as to in- 
clusion type and grain size. Aluminum 
was the only deoxidizer that caused a 
definite change in type of inclusion. 
Titanium produced some grain refine- 
ment but not so much as aluminum. 

The room temperature mechanical 
properties were entirely orthodox for 
grade B cast steel, and varied with the 
composition and type of inclusions, 
without regard to the method of manu- 
facture. 

The converter steels, as a group, had 
the best low-temperature notched-bar 
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properties of all the steels were governed 


ims 


_ impact properties, but this is held to be 
4 a result of deoxidation with aluminum 


rather than melting practice. 


The aluminum-killed steels also 
showed less strain age hardening, which 
gave a fallacious advantage for the con- 
verter steels. 

A limited number of standard fatigue 
tests showed a superiority in endurance 
ratio for the acid open-hearth and acid 


electric steels, but notched fatigue tests 


showed a notable similarity for all 
steels. 
CONCLUSIONS 


No evidence was found to favor one 
process over another, except that the 
basic open hearth gave better phosphorus 
Mechanical or engineering 


by composition and by deoxidation, 


AND DAHLE 


‘vite 


SS 


rather than by melting process. For 
example, acid electric cast steel not 
having had an adequate aluminum addi- 
tion shows low-temperature impact 
shortcomings, just as converter steel 
would without an adequate aluminum 
addition. When low-temperature shock 
resistance is needed, it would be in order 
to impose a low-temperature notched- 
bar impact acceptance test. If this be 
done and steel be passed or rejected on 
performance rather than on the melting 
process used, some steel now being ac- 
cepted but not of good low-temperature 
toughness would be excluded and much 
good converter steel would be made 
available. 

With proper deoxidation, all the proc- 
esses can make steel of the quality de- 
manded for war purposes. 
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Mr. A. H. eet poor old 
converter certainly has led an eventful 
life. For a generation or two she was 
in good standing in the community— 
her offspring did good service—and then 
suddenly she was told she had been 
living in sin, her children were illegiti- 
mate and she was to be relegated to the 
dog house—and there she lay. And 
this Society approved that banishment 
on the basis of no evidence, nor scintilla 
of evidence, although we asked for it 
definitely and repeatedly. 

Then recently the Government in a 
Federal Specification came out with the 
converter omitted, and when I asked 
why, I was told that Epstein’s results 
had shown that converter steel was un- 
reliable at low temperatures. Epstein’s 
results were based on high-phosphorus, 
high-carbon, rolled steel made in a 
bottom-blow vessel, from which it was 
argued, I suppose, that low-carbon, 
low-phosphorus, cast steel made in a 
side-blow vessel was unreliable. I think 
that’s a very choice example of non 
sequiter. 

The paper by Sims and Dahle has 
given us the first actual honest-to-good- 
ness comparison of converter cast steel 
with cast steel made by other processes, 
and, as might have been expected they 
are all good if they are well made. We 
always contended that any of the pro- 
cesses may make poor steel, that any of 
them could make good steel, and that 
the prejudice against the converter was 
unfounded, and we besought the pro- 


1 Manager of Castings Sales Ieper acd Iron Fittings 
Co., Branford, Conn. 
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verter to bring the evidence. 
never did. Now we have it, and I think | 
the authors of the paper are to be con- 
gratulated upon the work they have done ‘ 
and the impartial way in which they have | ee 


Society should feel a bit humiliated that — 
for nearly twenty years it has cast 
aspersions on a process which is pan © 
and makes good steel. It made good — 
steel then, and the users have not 
changed the practice. The practice that 
made this excellent steel that the au- 
thors mentioned was the same practice 
we were following then, and we have 
just now gotten to the point where it is 
recognized as basically sound, and it 
has been adopted as standard practice by 
electric furnace foundries. 

The company which sponsored the 
research reported in this paper merits 
our thanks. 

Mr. JoHN Howe HAti.*—Mr. Jame- 
son has told you briefly and very truly 
the actual origin of the slur on converter 
steel. There is one thing Mr. Jameson 
said which is not quite in accordance 
with my view. He said we have not 
changed our practice in the manufacture 
of converter steel. Well, that depends 
upon what period you refer to; previous 
to the World War we had the sulfur 
worry, and there was no adequate way 
of curing it at that time. In a recent 
article of mine in The Foundry® a long 
table of converter steel properties and 

2 Consulting Engineer, Philadelphia, Pa. 

3 John Howe Hall, ‘‘A Little Knowledge Is a Dangerous 


Thing,” September, 1999, p. 22; October, 
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analyses dated 1909 to 1913 gives sulfur 
running from 0.056 to 0.101 per cent. 
Of course, that has been changed by the 
advent of the method of treating the 
steel with alkalies which enables the 
sulfur to be controlled. With that ex- 
ception the process is the same now as 
it always was. The phosphorus de- 
pends upon the grade of scrap and pig 
iron used as raw material, and there has 
always been plenty of converter steel 
made with phosphorus quite as low as 
that in acid electric or acid open-hearth 
steel. 

However, at the time that the Ameri- 
can Society for Testing Materials de- 
cided to give the converter the “‘bum’s 
rush” the sulfur elimination method was 
available, and it was because the sulfur 
elimination method was available that 
the converter got put in the dog house. 
Before that, it would have been a simple 
matter for Subcommittee XXII on 
Valves, Fittings, Piping and Flanges for 
High-Temperature Service, of Com- 
mittee A-1 on Steel, merely to draw a 
sulfur requirement that could not be 
met in the converter, in their Specifica- 
tions for Steel for Castings tor High- 
Temperature Service, and the converter 
would have been out; but when a method 
was developed that permitted us to make 
sulfur as low as with any other process, 
then something else had to be done, and 
as you all know, in 1929, after a very 
disagreeable 5-yr. row the converter 
went out. Moreover converter steel 
went out without one piece of evidence 
of any name, nature, or description ever 
being advanced to show that it was in 
any way inferior in its properties as it 
was made then, to acid open hearth or 
electric steel. Electric steel was adopted 
as the preferred method for manufac- 
turing castings for high-temperature 
service, with open hearth and “other 
processes satisfactory to the consumer,” 
also allowed, and you all know what 
that means. 


Acid electric furnace steel at that time 
was suffering from a disease known as 
“aluminum embrittlement,’ and there 
was far more trouble in 1924 to 1926 in 
getting acid electric steel with good 
properties than there was with converter 
steel, but that fact was not candidly ad- 
mitted. It was not until the 1930’s— 
largely through the work of Mr. Sims, 
which he characteristically has not men- 
tioned—that it was learned that the cure 
for aluminum embrittlement in acid 
electric steel! was more aluminum. Mr. 
Sims and his associates about that time 
also outlined the proper method of 
making good acid electric steel, and as 
I have pointed out elsewhere, the metal- 
lurgical features of that method were 
practically the same as what happens 
automatically in the converter. There- 
fore, it is not surprising, as Mr. Jameson 
says, that when you get some real facts 
you find that all well-made steels are 
on a par. 

The A.S.T.M. was largely responsible 
for this slur on the converter which has 
taken so long to eliminate, and which I 
do not hesitate to say has been just too 
bad this year, with the war emergency 
facing us, and the demand for steel 
castings far outrunning the supply. 

I maintain that steel process clauses 
in A.S.T.M. specifications are highly 
undesirable. 

Mr. F. A. Metmortn' (by letter).— 
In view of the continuous and growing 
discussion which has taken place on this 
particular subject during the past year, 
this contribution to our knowledge of 
converter cast steel is particularly apt. 

I have for a considerable period num- 
bered myself among that group of steel 
foundry technicians who have vigorously 
contended that the converter has a 
definite place in the steel foundry, and 
that it can demonstrate, on the quality 


4 Vice-President, The Detroit Steel Casting Co., 
Detroit, Mich. 
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of the product produced, its right to 
that place. Its omission from certain 
specifications has reduced the benefit 
in quick increase of output which could 
have resulted from the acceptance of 
its product under adequate inspection 
and testing safeguards. 

The authors are to be congratulated 
on the orderly and logical way in which 
they have carried out their comparative 
series of tests, and for the definite con- 
clusions they have drawn based upon 
demonstrated facts, which is a refreshing 
substitute for prejudices, often based 
largely upon hearsay. 

I would ask to be permitted, however, 
to mention one or two points which, if 
not thoroughly appreciated, might cause 
misunderstanding in the minds of people 
contemplating the various steel-making 
methods available to steel founders. 
The sample E-1 basic electric steel shows 
up extremely poorly in the heat treated 
condition, which the authors, quite 
logically in my opinion, utilized as a 
standard for their comparisons. This 
treatment, with ordinary carbon steel, 
naturally produces practically nothing in 
the way of air hardening, and a drawing 
temperature is therefore not demanded 
high enough to be of material assistance 
in the obtaining of a high combination 
of physical properties. However, should 
there exist a sufficient quantity of certain 
alloys the air-hardening which takes 
place on normalizing is sufficient to de- 
mand an adequate draw, for an entirely 
different purpose from that which the 
authors instituted for the purpose of 
this comparison. This drawing tem- 
perature being so low, it was inadequate 
to produce beneficial results in this case, 
I presume, because of the existence of 
small quantities of nickel, chromium, 
copper, and molybdenum. 

While I agree that a definite draw 
temperature was necessary in order that 
the comparisons should be logical, yet 
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this has reacted so much to the disad- 
vantage of the basic electric, containing 
residual alloys, that quite incorrect infer- 
ences might be drawn as to its available 
properties as a steel casting material, 
a condition which I believe would react 
unjustifiably where the installation of 
new steel-making equipment and dis- 
tinctions of type were being considered. 
If the comparison is to have a true value 
it is essential that the analysis of all the 
different types of steel should be suchas 
would give almost identical response to 
the normalizing treatment, and I do 
not feel that this has been the case in 
this instance. 

I realize that a reference is made in 
the text to the fact that these alloys 
have affected the physical test, but would 
suggest that the degree of this effect has 
been very much higher than the text Osa, 
would lead one to believe, and the point ssw 
is raised purely with a view to insuring __ 
the basic electric process getting fair 
consideration. 

The low-temperature impact prop- 
erties of the converter steel specimens, 
particularly when considered in separate 
ranges of deoxidation, are remarkable 
and should conclusively dispose of an 
impression which has been given con- 
siderable publicity during the past year, 
that converter steels as a class are 
inferior in this connection. 

Another striking point which is of 
real practical interest is the behavior of 
the converter acid electric steel triplex. 
There have been many discussions as to 
the value of this expensive setup as 
compared to straight converter steel, and 
I am interested to see confirmation of 
the comment that I have made on sever- 
al occasions that the physical properties 
of steel held in an acid electric furnace 
after blowing in a converter were liable 
to several ductility-affecting effects. 

The reduction of area of this class, 
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while acceptable for some purposes, 
would in three of the four cases be 
rejected, were the normal steel casting 
commercial specifications rigidly ap- 
plied, as most of these latter place a 
low limit of 36 per cent reduction as 
necessary. It would appear, therefore, 
that the fear expressed has some basis 
in fact. 

I should like to offer my personal 
thanks to the authors for this excellent 
paper, which must have the effect of 
clearing up in our minds many of the 
misapprehensions arising out of an in- 
complete knowledge. 

Mr. H. W. Maack® (presented in 
written form).—As users for twenty-five 
years of the basic electric process we do 
not consider heat E-1 to be representa- 
tive of the steel made by this process, 
nor the scant data given to permit a 
correct evaluation of the quality of such 
cast steel. In these days of scarcity of 
desirable steel scrap a process which 
readily controls phosphorus and sulfur 
contents well within specification limits 
has practical and economic advantages 
as well as quality factors. 

That the phosphorus content in- 
fluences shock resistance of steel is prob- 
ably not to be denied. For the several 
heats of converter steel tested by the 
authors, impact values as shown on Fig. 5 
vary inversely as phosphorus content. 
Deoxidation treatment, too, is shown to 
be a factor although all heats were de- 
oxidized with aluminum. Phosphorus 
content of about 0.02 per cent is regu- 
larly realized in basic process electric 
steel. 

Time did not permit the preparation 
and testing of specimens of basic elec- 
tric steel in the same manner as done by 
the authors. However, some results of 
Charpy tests at low temperatures are 


5 Chief Chemist and Metallurgist, Crane Co., 
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available. These, the average for three 
normalized-and-drawn heats of about 
0.30 per cent carbon cast steel, are as 
follows: 


21.2 ft-lb. 


Note particularly the superior value 
at —50 F. compared with open-hearth 
steels in Fig. 5, probably due to the 
use of 1 lb. of aluminum per ton in the 
basic electric steel. 

Mr. A. W. DemMLer® (presented in 
written form).—About the time that the 
data for this paper were being assembled, 
I learned that Mr. Sims was quite inter- 
ested in obtaining low-temperature im- 
pact results on Bessemer practice S.A.E. 
1040 steel. We had some room tem- 
perature information on a 20-ton heat 
in which one 6700-lb. ingot was treated 
in the mold with a 4-lb. per ton addition 
of Grainal No. 1. This heat analyzed: 


Manganese, per cent.......... 0.91 
Silicon, per cent...........++.. 0.20 
Sulfur, per cent............... 0.039 
Phosphorus, per cent.......... 0.074 


Jominy hardenability of the base heat 
was 0.16 in. to 50 Rockwell C, while the 
corresponding figure for the Grainal 
treated material was 0.29 in. Our 
original results on material quenched 
from 1525 F. in oil and tempered at 
450 F. were: 


Yield 
1650 F. (34 hr.)N. + 1525 F. (34 hr.)O.Q. + 450 F. (1 hr.) Air 
Plain.....| 150 250| 196 00} 1.0 | 3.1 | 325 | 2.5 
Grainal...| 226 600| 277100] 8.5 | 30.4 | 522 | 10.7 
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The impact figures in the above are for 
the standard izod specimen. 

For low-temperature work, we have 
consistently held to the keyhole notch 
Charpy specimen. In order to fit into 
the heat treatment procedure of the 
paper just presented, we normalized 
1-in. rounds from 1650 F. and tempered 
them at 750 F., subsequently machining 
the Charpy specimens centrally from 
the bars. The following low tempera- 
ture results were obtained: 


Charpy, ft-lb Vicker 

Steel (orks. 
10 F OF | —50 | load 
Plaia 16.7 8.7 5.5 199 
Grainal...... 20.2 16.0 12.7 192 


Messrs. C. E. Stus’ AND F. B. DAHLE’ 
(authors’ closure by letter) —The discus- 
sions of Messrs. Jameson and Hall indi- 
cate that converter steel was probably 
condemned unjustly. However that 
may be, the present paper shows that 
the product of the converter not only is 
steel but acts like steel in its response to 
changes in composition and variations 
in heat treatment. It should be judged, 
therefore, by the same standards as 
steels made in an apparatus with 
another name, but which utilizes the 
same fundamental principles. 

Jameson’s statement that the 
converter practice has not changed 
might be somewhat misleading, for 
certainly the technique has improved. 
One of the reasons it took so long to 
train the old-time blower was that he 
had to learn to make rapid adjustments 
for the many variations in temperature 
and composition of the charge to the 


7 Supervising Metallurgist, and Assistant Supervisor, 
“indie Battelle Memorial Institute, Columbus, 
Ohio. 
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converter. Having a known or a con- 
stant charge in the converter is half the 
battle in turning out a _ consistent 
product. This is possible today through 
modern methods of chemical control 
and pyrometry. 

The authors are in complete accord 
with the contention of Messrs. Melmoth 
and Maack that the basic electric heat 
E-1 is not a good representative of its 
class. It is objectionable on the grounds 
that both the sulfur and phosphorus 
contents are too high for the best basic 
practice and its alloy content puts it 
outside the carbon steel classification. 
It might well have been omitted from 
the data, but it must be apparent that 
the shortcomings of this steel result from 
composition rather than method of 


manufacture. Mr. Maack’s data on 
basic electric steel are a welcome 
addition. 


As a matter of fact the whole study 
could have been rounded out better 
had there been an opportunity to secure 
a second lot of steels specified to fill the 
gaps in the data from the first lot. Par- 
ticularly some open-hearth and electric 
steels deoxidized with aluminum and 
some converter steels with no addition 
of aluminum:would have been valuable. 
All of the coupons used, however, were 
furnished gratis by the producers at 
some cost and trouble to themselves. 
This was greatly appreciated and besides 
the lack of time, there was reluctance to 
impose on them further. 

The data submitted by Mr. Demmler 
give gratifying confirmation of the 
present findings. They show that bot- 
tom-blow Bessemer steel is also free 
from notch brittleness at subnormal 
temperatures when properly deoxidized. 
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i. is widely recognized that prac- 
tically all service failures in load-bearing 
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Be arn OF FATIGUE DAMAGE OF STEEL BY SUPPLEMENTARY 


TENSION-IMPACT TESTS 
SS 


ort 
By J. A. Kres' anp W. L. Hotsnovser! 


A more complete knowledge of the nature of changes occurring in metals dur- 
ing repeated stress in the unsafe range seems to be required before a non- 
destructive field test can be devised which will foretell the coming of fatigue 
cracks. Many attempts have been made to provide such information by vari- 
ous means of which impact testing is one. Thus far the use of impact testing 
for this purpose has been done under conditions far from optimum. 

One purpose of the present paper is to examine the merits of tension-impact 
testing for investigating some of the changes occurring during repeated 
stressing in the unsafe range before cracks start. Another purpose is to 
evaluate the deleterious effects of fatigue cracks of various sizes and at various 
temperatures. 

Smooth (unnotched) Haigh fatigue specimens were subjected to repeated 
axial loadings in the unsafe range. Some of the specimens were removed from 
the fatigue machine before cracks could be detected and others after cracks 
of various sizes had developed. Tension-impact tests were then made at 
room temperature and at —33 C. 

Elongations during tension impact and energies absorbed during tension-im- 
pact fracture were related to permanent sets acquired during repeated stressing 
for those specimens in which no cracks were found. For those specimens con- 
taining visible cracks the relations between crack dimensions and the impact 
elongations and impact energies were studied. 

It is concluded that no appreciable losses in elongation during tension 
impact and no appreciable losses in tension-impact energy were found in 
uncracked specimens except in cases where considerable permanent set had 
been acquired during repeated stress. It was also concluded that the smallest 
detectable fatigue cracks caused important losses in impact resistance. It 
was further concluded that fatigue cracks reached an easily detectable, 
critical size before a divergence between the tension-impact behavior at 
room temperature and at —33 C. was encountered. 


plane and occupants. 


flight may result in the total loss of 
In spite of im- 
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_ members of high-speed machinery are 
if _ fatigue failures. Aircraft are particu- 
arly vulnerable in the sense that failure 
without warning of a working part in 
1 Associate Metallurgist, and Junior Metallurgist, 
National Bureau of Standards, Washington, 
. . 
4, 


provements in materials and design and 
other essentials such as machine work, 
it is necessary to exercise constant 
vigilance in detecting fatigue-damaged 
parts in order io secure 
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The problem of detection of fatigue 
damage in service members at present 
consists of locating cracks. It is the 
internal changes leading to the opening 
of a crack and the effects of the cracks 
themselves which constitute the scope 
of this discussion. It is not intended to 
include here a discussion of surface 
conditions resulting in weakness such 
as corrosion and frettage. If addition 
to such external and visible symptoms 
of impending trouble, it is taken for 
granted by many that some subtle, and 
as yet unexplained internal change in 
the metal precedes the opening of a 
fatigue crack. In support of this as- 
sumption one has only to review the 
history of any of a large number of 
fatigue failures in which a load-bearing 
part functioned perfectly and without 
visible deterioration or deformation for 
a long time prior to the beginning of a 
fatigue crack. Once a fatigue crack 
has attained an easily detectable size 
the part may be expected to fracture 
completely after a short time of addi- 
tional use, usually amounting to only a 
small percentage of its total life. Sucha 
situation makes it difficult to apprehend 
the danger in time, and, for this reason, 
it is extremely desirable to find some 
way of foretelling the appearance of 
fatigue cracks, the earlier the better. 
In order to be of real use an inspection 
method for this purpose must be 
nondestructive. 

Existing theories of fatigue offer little 
help in pointing out an approach to the 
problem. X-ray diffraction studies have 
not proved useful for detecting pre-crack 
fatigue damage in engineering materials 
under actual service conditions. Meas- 
urements of hardness and damping and 
studies of slip lines and deformation 
bands although valuable in supple- 
menting our knowledge of the effects of 
repeated stressing are apparently not 
being used as routine procedures in 
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detecting fatigue damage even under 
laboratory conditions. 

It seems evident, therefore, that be- 
fore a nondestructive test for fatigue 
damage can be devised, further informa- 
tion on progressive changes occurring 
during repeated stress within the metal 
must be gathered by every available 
means. To this end, a long-range pro- 
gram is in progress at the National 
Bureau of Standards, and the use of 
impact tests as a possible means to 
detect damage in the early stages of its 
progress is an essential part of the pro- 
gram. In choosing impact testing, it 
was held in mind that results of such 
tests might be used to indicate such 
hypothetical progressive changes as the 
growth of systems of submicroscopic 
flaws of unknown nature and the build- 
ing up of strains to the point of near 
rupture in localized volume elements. 

Fatigue cracks are probably the sharp- 
est kind of notch that it is possible to 
prepare, therefore it seems likely that 
very small fatigue cracks may cause a 
sharp loss in the ductility of a structural 
member under shock loading. The well- 
known adverse effect of low tempera- 
tures on the impact resistance, particu- 
larly of ferritic steels, depends for its 
existence on the presence of a notch or 
its equivalent. Therefore, it seemed 
important to include low-temperature 
impact tests in the investigation of 
fatigue damage in the hope of detecting 
cracks as early as possible. 

The results of low-temperature impact 
tests should also be of interest for the 
sake of obtaining some idea of the order 
of magnitude of loss to be expected in 
resistance to suddenly applied loads, 
especially since aircraft are frequently 
required to operate where free air tem- 
peratures as low as —55 C. and at times 
as low as —65C. are encountered. 
From the point of view of interest in the 
impact resistance itself, it is important 
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to study the effects of fatigue cracks of 
various sizes beyond the smallest de- 
tectable sizes because, although ma- 
chine-made notches have been widely 
used in impact specimens, there seems 
to be little information available on the 
effects of fatigue cracks on impact re- 
sistance. 

A few attempts to use impact tests 
to indicate progressive fatigue damage 
have been made. Oshiba (1, 2)? experi- 
mented with annealed carbon steels and 
reported losses in impact resistance 
following repeated stresses both below 
and above the fatigue limit. Kies and 
Quick (3) found no loss in notched-bar 
impact energy resulting from repeated 
stresses below or above the fatigue limit 
for aluminum alloy 25S-T. Their im- 
pact specimens were cut from axial- 
loading fatigue specimens in wHich the 
stress amplitude was fairly uniform 
throughout the portion of the fatigue 
specimen from which the impact speci- 
men wascut. Portevin (4) also reported 
negative results of experiments on a 
crankshaft steel previously stressed as a 
rotating cantilever beam. In specimens 
of this kind the outermost layers are 
subjected to the highest stresses, where- 
as the stress at the center is zero. It is 
difficult to see how notched bars of 
rectangular section could be expected to 
yield much information when machined 
from the inner portions of such fatigue 
specimens. 

The uncertainties in stress distribution 
in transverse impact tests of notched 
specimens of rectangular section prob- 
ably far outweigh, and mask, any differ- 
ences caused by previous fatigue 
stressing. 

Testing of smooth Haigh fatigue 
specimens in tension impact after re- 
peated stressing and without further 


2 The boldface nurmbers in parentheses refer to the re- 


ports and appearing in the list of references a 


machining holds some advantages as 
follows: 

1. Better uniformity and control over 
the geometry of the specimen and its 
surface finish is possible during machining 
of unnotched specimens. 

2. Larger volumes of metal are sub- 
jected to the maximum stresses than in 
rotating-beam specimens. 

3. Surface layers of greater area in 
which the maximum damage is to be 
expected are in a position to influence 
the impact result than in any impact 
test specimen in which a notch has been 
machined or the surface layers removed 
subsequent to the repeated stressing. 

4. The mean stress as well as the 
stress amplitude can be adjusted on the 
Haigh machine. It is therefore possible 
to simulate commonly found service 
conditions in which alternating loads 
are superimposed on steady loads. ~ 

5. Many test results have shown that 
the scatter in results of tension-impact 
tests on smooth unstressed specimens is 
slight in comparison with transverse 
tests on notched specimens, at least for 
normalized S.A.E. X4130 steel. This 
should make deteftion of damage in 
individual cases more certain. 

6. It is possible to measure the elonga- 
tion in a tension-impact fracture, which 
may furnish additional information not 
apparent from a comparison of impact 
energy values. 

7. No difference in tension-impact 
energy is to be expected at room tem- 
perature and at —33C. in the case of 
undamaged smooth Haigh specimens of 
normalized S.A.E. X4130 steel. This 
simplifies the interpretation of impact 
results for damaged specimens. 

In a search for methods of detecting 
fatigue damage, it is easy to forget the 
important and obvious fact that a piece 
of material damaged in one sense may 
not be damaged at all in other respects. 
Specifically, numerous “damage line” 
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data have been published following the 
method of French (5) in which it was 
clearly demonstrated that metals may 
be so damaged by a given stress above 
the fatigue limit that their remaining 
endurance at the same stress is reduced 
considerably and yet the fatigue limit 
is not lowered. In other words the 
material is apparently damaged only in 
the sense that it cannot withstand over- 
stress as well as before. Likewise, 
supplementary tests, for example, impact 
tests, showing no loss in impact resist- 
ance, do not necessarily mean that no 
fatigue damage exists. ae 


MATERIAL AND 


The material used in this investiga- 
tion was S.A.E. X4130 (chromium- 
molybdenum) steel in the form of 3-in. 
square hot-rolled bars. Before machin- 
ing into specimens the bars were sawed 
into lengths of 12 to 18 in. and normal- 
ized by holding for 1 hr. at 1650 F. and 
cooling in still air indoors. All tests 
were made on specimens having an 
over-all length of 43 in. and a minimum 
diameter of 0.200 in.; the sweep radius 
was 9 in., and the ends were threaded 
(size zy in., 20 threads per inch). A 
drawing of a Haigh specimen of the 
design used and a description of the 
Haigh fatigue machine have been pub- 
lished by France (6). The test portions 
of the specimens were finished by longi- 
tudinal strokes with Behr-Manning 1G 
emery paper followed by similar treat- 
ment with aloxite 400A paper made by 
the Carborundum Co. A few of the 
specimens were given additional polish 
by the use of Behr-Manning 2/0, 3/0 
and 4/0 emery papers in succession. 
For the purpose of the present paper, 
there was no distinguishable difference 
traceable to the two polishes. A dis- 
cussion of possible effects of polish is not 
within the scope of this paper; therefore 
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no further reference will be made to the 
subject. 


PROCEDURE 


Prior to impact testing, the specimens 
were separated into groups and were 
subjected to repeated stressing in the 
Haigh axial loading machine at room 
temperature and at unsafe ranges as 
follows: group (a), 15,200 psi. compres- 
sion to 77,300 psi. tension; group (0d), 
10,500 psi. tension to 89,500 psi. tension; 
group (c), 27,000 psi. tension to 127,000 
psi. tension. All three ranges were 
sufficient to cause fatigue failure within 
300,000 cycles. The specimens were 
removed from the machine after various 
numbers of cycles, some before cracks 
could be detected, and some after 
cracks of various sizes had formed. 
Some of the specimens fractured com- 
pletely in the fatigue machine. In 
addition a group (d) of Haigh specimens 
were subjected to various numbers of 
cycles of repeated stress in the range 
50,000 psi. compression to 50,000 psi. 
tension which was sufficient to cause 
failure within 1,000,000 cycles. 

The tension-impact tests were made 
with a 224 ft-lb. Charpy machine at 
room temperature and at —33 +2 
C. The threaded ends of the Haigh 
specimens were screwed into a special 
hole in the back of the pendulum. A 
special set of stops for the impact ma- 
chine and a cross piece were made for 
this investigation. The geometry of 
the arrangement was such as to minimize 
bending of the specimens during ductile 
impact fractures. 

To obtain the low temperatures, the 
pendulum with specimen and cross piece 
attached were immersed in a tank of 50 
per cent ethylene glycol, 50 per cent 
water cooled by fragments of solid CO, 
which were added as needed. Before 
making the impact test the pendulum 
and specimen were raised from the bath 
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and the tank was rolled out of the way 
on a track built for the purpose. The 
temperature of the bath was measured 
frequently by a thermocouple. The 
necessary time interval of immersion 
and the subsequent rate of temperature 
rise in the specimens after removal from 
the bath were determined by separate 
tests. All low-temperature impact tests 
were completed from 3 to 5 sec. after 
removal of the specimen from the bath. 
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Permanent Set in Haigh Machine, in. 

Fic. 1.—The Relation Between Permanent 
Set During Repeated Stress and the Tension- 
Impact Properties of Haigh Fatigue Specimens 
of Normalized S.A.E. X4130 Steel. 


The range wy ~ stress was 10,500 psi. to 89,500 psi. 
all in tension. No fatigue cracks were detected in any o 
the specimens represented above. Tension-impact frac- 
tures were all made at —33 C. specimens shown as 


having had zero extension in the — machine were not 
stressed prior to the impact test. Note that the vertical 
scale of elongations is compr a factor of two in 
comparison with the horizontal! scale of permanent sets in 
the Haigh machine. 

Elongations were determined by fitting 
together the specimens after impact and 
measuring the distance between fine 
punch marks, initially 2 in. apart. All 
values for elongation as plotted in the 
various figures are the total extensions 
of the 2-in. gage portions. The lengths 
and the maximum depths of penetra- 
tion of the cracks were measured by 
means of a Hilger measuring microscope 


focussed on the fractures. fexfires 


Test RESULTS ad 


The Pre-Crack Stage of Fatigues 


When mean tensile stresses and cyclic 
stress amplitudes high enough to pro- 
duce appreciable permanent sets were 


used, there resulted losses in tension- 
impact energy and elongation even 
though fatigue cracks were not detected. 
An example of this was obtained using a 
repeated stress range of 10,500 psi. to 
89,500 psi. Figure 1 shows approxi- 
mately linear variations of impact energy 
and elongation with permanent set 
resulting from repeated stress. The 
reason for the variations in permanent 
set represented in Fig. 1 lies in the 
variations inherent in the specimens 
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Cycles of Stress 


Fic. 2.—The Relation Between Tension-Im- 
pact Elongation at Room Temperature and the 
Number of Cycles of Overstress of Haigh Fatigue 
Specimens of Normalized S.A.E. X4130 Steel. 


Stressed in the range 10,500 psi. to 89,500 psi. all in ten- 
sion without necking. All specimens represented in this 
figure as having less than 0.120 in. elongation contained 
visible fatigue cracks. Some results included in Fig. 1 
were arbitrarily omitted from this figure because of neck- 
ing of the specimens. 


themselves as prepared in the normal- 
ized condition rather than in different 
numbers of cycles. The range of re- 
peated stress was the same for all speci- 
mens represented in Fig. 1, and although 
the number of cycles varied considerably, 
the number exceeding 10,000 in all 
cases, it is believed that all of the speci- 
mens had reached their limits of crack- 
less permanent set before the 10,000 
cycles had been completed. Evidence 
that all of the permanent set occurred 
within the first few thousand cycles is 
provided by the fact that the head of the 
Haigh machine required no further 
adjustment by the hand wheel after the 
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first two or three minutes. In further 
support of this statement, attention is 
called to Fig. 2 showing the relation 
between tension-impact elongation at 
room temperature and the number of 
cycles of prior stress in the range 10,500 
psi. to 89,500 psi., all in tension. Itmay 
be noted that after the initial loss in 
elongation following the first few thou- 
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tions were generally slightly lower. 
Tests on Haigh specimens overstressed 
in cycles of equal tension and compres- 
sion (group d) failed to show any drop 
in impact resistance or elongation 
before cracking. Furthermore, 31 R. 
R. Moore rotating-beam fatigue speci- 
mens stressed at +80,000 psi. (fatigue 
limit = +60,000 psi.) for various num- 


Fic. 3.—Haigh Specimens of Normalized S.A.E. X4130 Steel Subjected to Repeated Stress from 


27,000 psi. to 127,000 psi. All in Tension, then Fractured in Tension Impact at —33 C. (X 5). 
The photographs are arranged from left to right in order of increasing degrees of fatigue damage as evidenced by losses 


n impact and elongation. The elongation measurements depended for their accuracy on how 
ts as shown 


if the par 

stress. 
sand cycles there was no additional or 
progressive loss as stressing continues 
until after cracks were formed. Speci- 
mens represented in Fig. 2 as having less 
than 0.120 in. tension-impact elongation 
were found to contain fatigue cracks. 
Tension-impact tests at —33 C. showed 
the same thing for Haigh specimens 


stressed the same way although elonga- 


the positions 


represented the case at the time of fracture. All specimens were finished with aloxite paper prior 


bers of cycles also failed to show any loss 
in tension-impact energy or elongation 
until after fatigue cracks could be 
detected. A study of the tension-impact 
energies of uncracked Haigh fatigue 
specimens showed no clearly distinguish- 
able loss from the initial values regardless 
of stress range or number of cycles 
except for those specimens appreciably 
necked during repeated stress. 
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The Fati gue C rack Seca 


In studying the relation between 
fatigue crack size and tension-impact 
properties of Haigh specimens of normal- 
ized S.A.E. X4130 steel, only those 
fatigue cracks contiguous with the im- 
pact fracture areas were considered. 
Most of the impact fractures showed 
only one detectable fatigue crack enter- 
ing directly into the impact fracture 
although many other fatigue cracks 
were commonly found on the specimen. 
Measurements of length along the sur- 
face and maximum depth of penetration 
were made for the fatigue cracks entering 
directly into the impact fractures. The 
term, crack size, is used hereinafter to 
mean either crack length or maximum 
depth of penetration or their product 
since any one could be shown to be a 
definite and continuously increasing 
function of either of the other two within 
a narrow scatter band. In the few 
impact fractures contiguous with two 
fatigue cracks, the dimensions of the 
larger crack only were used since its size 
seemed to be the controlling factor in 
the impact energy. Representative 
specimens with varying amounts of 
damage are shown in Fig. 3. 

Impact test results on cracked speci- 
mens could be related to crack size but 
not to range of stress previously applied; 
therefore in plotting results of impact 
tests on cracked specimens no separation 
was made according to stress range and 
results drawn from all three specimen 
groups are considered together. 

The average values for impact energy 
and elongation were plotted against 
average values for maximum depth of 
penetration and for average values of 
the product of crack length times maxi- 
mum depth of penetration. The aver- 
ages were computed for groups of 
individual test results falling within 
suitable intervals of magnitude so as to 
include approximately equal numbers of 


results in average. 
result entered into only one average. 
Separations or memberships of groups 
were determined on the basis of crack 
size only. Class intervals along the 
abscissae were not equal, but the system 
used had the advantage of smoothing 
out the curve in the region of largest 
crack sizes where the data were rela- 
tively sparse. Separate plots using con- 
stant class intervals were made but 
showed no difference in the location of 
the faired curves and so were not in- 
cluded.” 
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Fic. 4.—Variation of Tension-Impact Energy 
with Average Values for Maximum Depth of 
Fatigue Crack. 


yo specimens, normalized S.A.E. X4130 steel. Min- 
imum eter of the specimens = 0.200 in. = 5.08 mm. 


The variation of impact energy with 
average values for maximum crack depth 
is shown in Fig. 4. Values shown for 
specimens having zero crack depth were 
taken from tests on specimens not 
stressed in fatigue. There was no per- 
ceptible difference in the results at 
—33 C. and at room temperatures for 
the smaller cracks. For cracks more 
than 0.65 mm. deep, that is, for pene- 
trations of over 13 per cent of the mini- 
mum diameter of the specimen, the 
average impact resistance became less 
than half the room temperature value. 
This critical depth at which the low- 
temperature effect was found corre- 
sponded to the second steep part of the 
curve. The first steep portion corre- 
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sponded to the advent of the smallest 
detectable cracks. 

The existence of a critical size at which 
the low-temperature effect begins to 
show itself is more clearly demonstrated 
when the factor of crack length is taken 
into account. Actually the chord de- 
fined by the ends of the crack was 
measured. For the largest crack meas- 
ured, the arc or crack length, measured 
along the smooth outer surface of the 
specimen, exceeded the chord by only 
53 per cent. At the critical crack size 
the arc exceeded the chord by only 0.7 
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Fic. 5.—Variation of Tension-Impact Energy 
with the Product of Maximum Depth Times 
Length of Fatigue Crack Entering Directly into 
the Impact Fracture. 

Haigh specimens, normalized S.A.E. X4130 steel. 
imum diameter of the specimens = 0.200 in. The speci- 
here are the same as those represented 

ig. 4. 


Min- 


per cent. These discrepancies are so 
much smaller than the range of scatter 
in impact results that the term crack- 
length will be used instead of chord. 
Figure 5 shows the variation in impact 
energy with average value for the prod- 
uct of crack depth times length. For 
values of this product exceeding 0.70 
sq. mm. the loss in impact resistance was 
more serious at —33C. than at room 
temperatures. This critical size corre- 


sponded to the steepest portion of the 
curve with the exception of the initial 
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Elongations during impact were meas- 
ured on some of the specimens repre- 
sented in Figs. 4 and 5. The results 
obtained were closely similar to the 
impact energy results. Figure 6 shows 
an initial steep drop in elongation with 
the first appearance of cracks and a 
second steep drop for values of crack 
depth times length of about 0.70 sq. 
mm., the same as noted in Fig. 5 for the 
divergence between room temperature 


and —33C. tension-impact energies. 
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Fic. 6.—Relation Between the Product of 
Maximum Depth of Fatigue Cracks Times 
Length and Elongation in Tension Impact at 
— 33C. 


Note that the steep parts of the curve correspond to 
those on the impact onerey curve of Fig.5. Haigh fatigue 
specimens, normalized S.A.E. X4130 steel. The numerals 
on the curve indicate the number of tests averaged. Min- 
imum diameter of specimens = 0.200 in. 


This critical crack size corresponds to 
crack areas of about 3 per cent of the 
minimum cross-section of the specimen. 
There is presumably nothing funda- 
mentally significant about the noted 
magnitude of the critical crack size. 
From a practical standpoint the im- 
portant item is that such a thing exists. 


CONCLUSIONS 


1. No appreciable loss in tension- 
impact resistance or elongation during 
impact resulting from prior repeated 
overstress in fatigue was noted in Haigh 
axial-loading specimens in the pre-crack 
stage except re cases where the mean 
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tensile stress and stress amplitude were 
high enough to cause permanent sets of 
more than 0.01 in. during fatigue stress- 
ing. Such conditions are improbable in 
service and would be easily detected. 

2. With the formation of fatigue 
cracks, however, the situation was 
changed. Even the smallest detectable 
fatigue cracks were usually accompanied 
by substantial losses in tension-impact 
resistance. Location of a fatigue crack 
on the tensile side of a specimen in 
bending would be expected to be much 
more serious for the same size crack. 

3. An adverse low-temperature effect 
(—33 C.) required the presence of a 
fatigue crack of easily detectable size; 
therefore, no adverse low- enpeetan 
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effect may be expected as a result of 
repeated stress in the pre-crack stage of 
fatigue. The critical crack size at 
which the low-temperature effect may 
be expected presumably differs with the 
impact-testing temperature, type of im- 
pact-testing machine, specimen size and 
shape, speed of impact, and possibly 
other factors. 


The authors indebted to 


G. R. McConnell, formerly of the Na- 
tional Bureau of Standards, for his 
arduous work in making the low-tem- 
perature impact tests and his assistance 
in many other technical details. 
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Mr. W. N. Frypiey.'—The author 
has observed a measurable difference in 
impact resistance of specimens con- 
taining fatigue cracks when tested at 
low temperatures as compared to room 
temperatures. This difference was ob- 
served only with specimens containing 
cracks larger than a certain “critical” 
size. 

In discussing the effect of area of 
crack on the impact energy the author 
observes that: “‘There is presumably 
nothing fundamentally significant about 
the noted magnitude of the critical 
crack size.” Perhaps the crack size 
itself is not fundamental, but it may 
possibly be related to fundamental 
properties of the material and test 
conditions. 

The following analysis of the “critical 
crack size” is largely an hypothesis, but 
a knowledge of the factors causing 
brittle fracture is becoming so important 
that even a conjecture is worth con- 
sidering. 

A sharp notch (such as a fatigue 
crack) in a tension member tends to set 
up a state of stress at the root of the 
notch in which the principal stresses are 
tension (two of the principal stresses are 
zero in an unnotched tension member). 
In such a notched tension member the 
three principal stresses are all tension 
but not necessarily of equal magnitude. 
However as the depth of the notch is 
increased the three principal stresses in 
the.member at the cross-section of the 
notch tend to become more nearly 
Usiventy of 


DISCUSSION 


equal. Thus the shearing stress be- 
comes smaller and the ratio of the 
maximum principal stress to the maxi- 


mum shearing stress, ——, becomes 


Tmax 


larger (“= = 2 for an unnotched ten- 


Tmax 
sion member). Now, if the ratio of the 
technical cohesive strength? to the shear- 
ing yield strength? of the material is 
smaller at low temperatures than at 
elevated temperatures; then, as the 


depth of the notch is increased on 


increased), a depth of notch may 
eventually be reached for which the 
maximum principal stress reaches the 
technical cohesive strength of the mate- 
rial before the maximum shearing stress 
reaches the shearing yield strength. 
Thus the failure will be by brittle frac- 
ture rather than by yielding (the failure 
would be by yielding for smaller notches) 
with a resulting decrease in energy re- 
quired to rupture the member. 

But if, as postulated above, the ratio 
of technical cohesive strength to shear- 
ing yield strength is higher at room 
temperature than at low temperature, 
then tests at room temperature will 
continue to fail by yielding even when 
the notch is driven deeper than that 
which caused the low temperature mem- 
ber to fail by fracture. It might be 
that at room temperature failure would 
take place by yielding for all depths of 


2 These values are considered by some investigators 

to = the fundamental of a material. 
aper by D. J. McAdam, Jr., “The Influence of the 
Cenk ination Stresses in of Metals,”’ 


at 
may | 
the 
and 
ibly | 
Pols 
his 
tem- 
A H 
| 


a 


CG 
7 


5 


mee 


BS: 


notch, depending on the magnitude of 
7max which is obtained and the value of 


Tmax 


the ratio of technical cohesive strength 
to shearing yield strength. 

Thus the critical crack size may repre- 
sent the size of crack which produces a 


ratio —— such that omax equals the 
Tmax 

technical cohesive strength for the lower 

temperature at the same time that 

Tmax equals the shearing yield strength. 

Mr. J. M. the 
first conclusion made by the author, 
it is generally agreed that material under 
cyclic stress and a positive mean stress 
can show permanent deformation and yet 
be perfectly safe. The writer believes this 
conclusion might allow of a misunder- 
standing that safety under cyclic stress is 
associated with permanent deformation. 
This is not necessarily true, as indicated 
by Gough.‘ 

Mr. W. LeicHTon 
writer is heartily in agreement with 
the statement made by the authors 
“that before a nondestructive test for 
fatigue damage can be devised, further 
information on progressive changes oc- 
curring during repeated stress within 
the metal must be gathered by every 
available means.” The writer also be- 
lieves that since the changes within the 
metal during fatigue are undoubtedly 
submicroscopic, a test indicating such 
damage most probably will have to be 
highly sensitive to small changes in the 
material. 

The above ideas led the writer to 
make a few exploratory static torsion 
tests of virgin steel specimens (no 
previous stressing) and of specimens 
which had been stressed at the endur- 
Professor of Mechanical Engineering, 
t., Massachusetts Institute of Tech- 
of Metals,”’ p. 126, Scott- 

wood and Sons, London (1924). 

y Professor, Department of Theoretical and 

Applied Mechanics, University of Illinois, Urbana, Ill. 


DIsCUSSION on FATIGUE DAMAGE OF STEEL 


ance limit (for completely reversed 
cycles of torsional stress) for at least ten 
million cycles of stress without failing. 
Twisting moment—angle of twist curves 
for both types of specimens from two 
different carbon steels were tested. 
The initial slopes of the curves and 
the portions of the curves after marked 
yielding had taken place were not 
affected by the repeated stressing. 
However, in the region of initial marked 
yielding there were differences such as 
those tabulated below for a_heat- 
tat 0.59 per cent carbon steel. 


atigue 
Property Virgin Steel Loading 
Limit, pesi........... 41 500 22 600 
Yield 0. per cent 
7 200 41 900 
0.15 per cent 
Yield strength, 0.30 cent 
offset, psi. . 52500 52 900 
The numerical values for “propor- 


tional limit” should not be taken too 
seriously, but from the above values it is 
apparent that stressing at the endurance 
limit caused measurable initial and 
gradual departure from the straight line 
portion of the twisting moment—angle 
of twist curves at lower stresses than 
were found for the virgin steel specimens. 

Since the same testing machine, tor- 
sion indicator, testing technique and 
method of plotting were used for all 
tests it is felt that the differences noted 
are significant. 

Messrs. J. A. Kres*® anp W. L. 
HotsHouser® (authors’ closure, by let- 
ter).—Mr. Findley’s discussion is valua- 
ble in pointing out the manner in which 
geometrical considerations may be ex- 
pected to influence the impact resistance 
and type of failure of structural parts. 
In regard to the significance of the noted 
magnitude of the critical crack size, it 
must be assumed that every conceivable 
behavior of a material object is somehow 


* Associate Metallurgist, and Junior Metallurgist, 
sunray, National Bureau of Standards, Washington, 
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related to those of its physical properties 
commonly regarded as fundamental. 
As noted by Mr. Findley, a quantity 
such as impact resistance or a qualitative 
response such as brittle fracture depends 
on those fundamental physical proper- 
ties and on the geometry of the piece 
and the conditions of loading. The 
minimum depth of crack which will 
produce a brittle fracture in a particular 
specimen under a particular set of condi- 
tions is therefore a derived rather than 
a fundamental property of the material. 
The choice of the words “not funda- 
mentally significant” was perhaps not 
the best, but they were intended to 
convey the impression that, at least at 
present, the noted magnitude is not 
usable in a quantitative estimation on a 
rational basis of any other property of 
the material. 

The results reported by Mr. W. 
Leighton Collins are interesting be+ 


nk 


cause they are different from the findings 
of Wood and Thorpe’ who reported that 
repeated stress suppressed yielding and 
permanently raised the primitive yield 
strength of annealed brass. In experi- 
ments of this kind there is a complicating 
factor that may easily be overlooked. 
That is the effect of starting the cyclic 
stressing with a low amplitude and 
gradually working up to that which is 
reported as the amplitude of stress. 
In Haigh axially loading machines this 
is almost invariably the case. The 
resulting effects on the material may be 
quite different from those obtained by 
imposing the full amplitude during each 
cycle starting with the first, particu- 
larly if the maximum tensile stress of 
the cycle exceeds the primitive yield 
strength. 


7™W. A. Wood and P. L. Thorpe, “Behavior of the 
Crystalline Structure of Brass Under Slow and Cyclic 
Stresses,” Proceedings, Royal Soc. (London), Vol. 174A, 
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ges et FATIGUE TESTS AS A MEANS OF EVALUATING CORROSION 


tests, in of Krouse design, were to determine 
the fatigue limits on stainless steel sheet specimens before and after corrosion 
by prolonged exposure in marine environments. The tests showed that the 
rate of corrosion was relatively rapid during the initial stages of exposure, 
but that thereafter a near arrest in the attack occurred. Panels exposed to 
the marine atmosphere suffered more damage, for the same period of exposure, 


It is the purpose of this paper to de- 
scribe a method utilizing flexural fatigue 
tests as a means of evaluating the extent 
of damage resulting from corrosion. The 
method was applied in an investigation 
of the corrosion of sheet metals used in 
aircraft, which is being conducted at the 
National Bureau of Standards. 

Stainless steel panels, approximately 
0.018 by 4 by 14 in., were exposed at a 
marine test site to the weather and to 
sea water. The panels exposed to the 
weather were located directly above the 
water and were within from 6 to 10 ft. of 
its surface. Those exposed to the salt 
water were so suspended that they were 
immersed twice daily during the periods 
of high tide. 

The steels were polished, full-hard, 
cold-rolled, passivated sheets and were 
mostly of the 18 per cent chromium, 8 
per cent nickel type, with and without 
the addition of the customary alloying 
elements such as molybdenum, titanium, 
and columbium. Inasmuch as this paper 


1 Associate Motpluggiet, National Bureau of Stand- 
ards, Washington, D 


than those which were wet periodically by tidewater. 
a reliable evaluation of the damage resulting from corrosion. | 


The method gory. 


deals primarily with the method of test, 
rather than with the results on the differ- 
ent compositions, the data contained 
herein relate only to two plain chromium- 
nickel steels. The results of the tests on 
the other steels have been published 
elsewhere.?? 

The fatigue tests were used to measure 
the damage resulting from corrosion in 
a manner analogous to that in which 
Basch and Sayre* and Blough® first 
utilized tension tests. The fatigue limits 
were determined on the materials before 
corrosion and after exposure for different 
lengths of time, namely, 73, 12, 24, and 
36 months in the tidewater racks and 73, 
24, and 36 months in the weathering 
racks. All of the exposed specimens 
showed evidence of corrosion. 


2 Willard Mutchler and W. G. Galvin, ‘‘Tidewater and 
Weather-Exposure Tests on Metals Used in Aircraft,”’ 
Technical Note 736, Nat. Advisory Committee for Aeronau- 
tics, November, 1939. 

3 Willard Mutchler and W. G. Galvin, “Tidewater and 
Weather-Exposure Tests on Metals Used in Aircraft (Part 
2),”. Technical Note 842, Nat. Advisory Committee for 
Aeronautics, February, 1942. 

4D. Basch and F. Sayre, “Resistance of Various 
Aluminum Al to Salt-Water Corrosion,” Mechanical 
Engineers. Vol. 46 $6, 199 (1924). 

ough, “Th Evaluation of Corrosion Tests,”’ 
Procelins, Soe: Testing Mats., Vol. 25, Part II, p. 
156 (1925 
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In order to establish accurately the 
fatigue limit of either uncorroded or cor- 
roded specimens of any metal, it is neces- 
sary to test a large number of samples. 
Accuracy also demands that tests be 
made with the number of cycles in excess 
of 100 million, since values for fatigue 
limits are partially dependent upon the 
number of cycles of stress. Where a 
high degree of accuracy in determining 
fatigue limits is considered essential, the 
use of the method which the authors 
adopted is precluded. 

In this work, the fatigue tests were 
employed, however, solely with the ob- 
jective of obtaining an approximate 
measure of the relative rate of damage 
resulting from corrosion on each of sev- 
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Fic. 3.—The Design and the Dimensions of the 
Specimens for Tests in the Krouse Flexural 
Fatigue Machines. 


eral steels of similar chemical composi- 
tions. As is not unusual, both the 
number of specimens available and the 
time to be devoted for testing were 
limited. The values selected for the 
fatigue limit were therefore based upon 
a stress, the half range of which was 
within 800 psi. of the next highest stress 
which resulted in failure, provided at 
least two “runs” past 10 or 20 million 
cycles had been made. 

The tests were made in flexural fatigue 
testing machines developed by G. N. 
Krouse for sheet. These machines are 
of the fixed-deflection (constant-strain) 
type, the specimen being loaded at the 
free end (Fig. 1) and vibrated as a canti- 
lever beam by means of a variable-throw 
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crank and a connecting rod. The cycle 
of stress represents a complete reversal 
from a maximum tensile stress to a com- 
pressive stress of equal magnitude. 

Each specimen, before testing, was 
calibrated as its own dynamometer by 
measuring its deflection when loaded 
with dead weights (Fig. 2), and by ad- 
justing the variable throw crank to cor- 
respond to this deflection. The method 
of determining the stress on the Krouse 


Fic. 4.—Cracks in a Brittle Lacquer Applied to 
a Flexed Specimen Demonstrated that the Dis- 
tribution of the Stresses Was Fairly Uniform. 


machines was improved somewhat by 
placing the scale used for measuring the 
deflections on an arc, instead of along a 
straight line. 

The design for test specimens recom- 
mended by the manufacturer was found 
inadequate for steels having the high 
tensile properties and the thin gages of 
those used in the investigation. How- 
ever, after some preliminary experiments, 
a satisfactory design was evolved (Fig. 3). 

The fundamental natural frequencies 
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of the steel specimens, as determined 
with a strobotac, with clamps in place on 
the Krouse machine, were 1680 to 1695 


ments. 


On EVALUATING CORROSION DAMAGE OF SHEET METALS 
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Steel A 


4 Weathered Specimen Failed in Less Than /0 Million Cy cles 
© Tidewater Specimen Failed in Less Than /0 Million Cycles 
4 Weathered Specimen - No Failure Within 20 Million Cycles 


© Tidewater Specimen-No Failure Within 20 Million Cycles 


65 000 


60 000 


He 


psi. 


55 000 


Note:- 


Curves and large symbols 
denote fatigue limits 
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Extreme Fiber Stress, 
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were tested, a circumstance which tended 
to suppress undesirable bending mo- 


Fic. 5.—Results of the Flexutal Fatigue Tests on Stainless Steels. Slowing the number of tests 
made for each approximate determination of a fatigue limit. 


vibrations per minute for a sample 0.0173 


in. thick. These natural frequencies, 
fortunately, were close to the 1740 vibra- 
tions per minute at which the specimens 


A few experiments were also made to 
discover the approximate distribution of 
the stresses on the flexed specimens. 
Samples were coated with a brittle lac- 
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572 MUTCHLER 
quer commercially designated ‘‘Stress- 
cote,’ and flexed until cracks appeared 
in the coating. The tests revealed (Fig. 
4) that the stresses were fairly uniform 
over the reduced sections of the speci- 


TARLE I.—RESULTS OF FLEXURAL FATIGUE 
TESTS ON STAINLESS STEEL* PANELS EXPOSED 
TO TIDEWATER AND TO THE WEATHER. 


Ex- Ex- 
Num- Num- 
Exposure Fiber ber of Exposure Fiber ber of 
Stress," Cycles Stress, Cycles 
psi. 10 psi. X 10° 
None un- 63 200* | 1220 
69 700* 828 62 000° | 1 230 
61 500* | 1 200 
69 000° 740 61 000° | 15 280 
68 500* | 1145 61 000 | 20 700 
68 000° | 15 000 
68 000 | 15 300 
59 700° | 1726 63 800° 750 
58 800° | 1810 59 600° 651 
58 300° | 1388 58 000 962 
58 1612 57 500* | 3 192 
57 800 | 12 684 57 000* | 1870 
57 500° 828 57 000 | 12710 
57 500° | 1902 56 500° | 17 800 
57 000° | 8918 56 500 | 43 400 
56 500* 473 
56 500 | 12636 | Tidewater | 63 000° 799 
56 000° | 10 240 —24 62 500* | 1198 
56 000 | 28 600 months | 62 500 | 20810 
62 000° | 13 000 
60 000° 624 62 000 | 22 983 
59 700° 930 61 800 | 20 724 
57 700°| 4000, 61 000 | 15 910 
56 000° 806, 61 000 | 26000 
55 500° 16632; 0co | 10 302 
$5.000°| 20473; $7 700 | 12 600 
55 000 | 20 693 54 000 | 18 535 
55 000 | 21 140 
55000 | 23021 | Tidewater | 61 200° 992 
54000 | 12690 59 | 1198 
|’ months | 59000 | 24 894 
$7 750° | 1412) 58 200° | 1293 
57 400 | 25 620) 56 000" | 1 265 
57 400° 966 55 800 | 20000 
56 800° | 2304 55 500° | 20 289 
56750 | 20026 55 200 | 20030 
56 200*| 1373 54150 | 20 249 
55 850 | 23 018 
55 300° | 20 346 
55 300 | 20 597 
54 000 | 20 423 


* Steel A, with 19.99 per cent chromium, 9.82 per cent 
nickel, 0.09 per cent carbon. 


© Asterisks indicate specimens which failed. 
© Value selected for the fatigue limit. 


mens, and highest along the edges. 
Prior to all tests the cut edges of the 
specimens were carefully rubbed with 
Aloxite paper, until no burrs were detect- 

* A. V. de Forest and Greer Ellis, “Brittle Lacquer 09 
the Aeronautical 


an Aid to Stress Analysis,”’ Journal of 
Sciences, Vol. 7, No. 5, p. 205 (1940). 


able by touch, and until the edges were 
very slightly rounded. 

The results of the fatigue tests on two 
steels, designated A and B, are given in 
Table I and Fic. 5. Steel A contained 
19.99 per cent of chromium, 9.82 per cent 
of nickel, and 0.09 per cent of carbon. 
Steel B contained 17.5 per cent of chro- 
mium, 7.35 per cent of nickel, and 0.11 
per cent of carbon. 

The data for steel A (Table I) reveal 
that failures, particularly on the corroded 
specimens, usually occurred between } 
and 1} million cycles of stress. The time 
required was reasonably short, for this 
type of test, since the three Krouse ma- 
chines each were operated at approxi- 
mately 23 million cycles per 24 hr. 

The fatigue tests showed (Fig. 5) that 
the rate of corrosion was relatively rapid 
during the first 6 months of exposure, 
but that thereafter a near arrest in the 
attack occurred. The rates of attack on 
the two steels were quite similar, but 
were somewhat lower on steel B than on 
steel A. The panels exposed to the 
marine atmosphere suffered more dam- 
age, for the same period of exposure, than 
those which were wet periodically by sea 
water. 

In general, the results of the fatigue 
tests were in good agreement with those 
obtained by visual inspection, and the 
method permitted a reliable evaluation 
of the damage resulting from corrosion. 
The scatter in the results obtained by 
this method appeared no greater than 
that inherent with other commonly used 
methods of evaluating corrosion damage, 
such as visual examinations, loss in 
weight determjnations, or tension tests. 
In common with the latter, the method 
possesses the advantage of furnishing the 
structural engineer with data related to 


the physical properties in which he is 
phys prope 


particularly interested. 
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Mr. F. L. LaQue.'—The authors are 
to be commended for exploring another 
method of measuring corrosion damage 
which should be particularly useful with 
the type of material under consideration, 
especially after atmospheric exposure 
where changes in appearance and weight 
loss determinations frequently fail to 
disclose or measure real differences in 
behavior. 

It is not evident from the paper that 
the distribution of corrosion created any 
difficulty in choosing how or where to 
cut the specimens for the fatigue tests. 
It would be anticipated that in many 
cases, and particularly in connection 
with specimens immersed in salt water, 
the tendency for corrosion to be highly 
localized or to show some peculiar orien- 
tation relative to the direction of rolling 
would result in a considerable variation 
in the fatigue test results, depending on 
the choice of specimen position in respect 
to the nature and location of the attack. 

This problem is, of course, common to 
all methods of measuring corrosion which 
involve cutting relatively large pieces 
into specimens for mechanical tests after 
exposure. Perhaps it would be in order 
to consider the exposure of test speci- 
mens of the approximate shape to be used 
in the final fatigue tests, making the 
specimens just enough oversize so as to 
enable the exposed edges to be machined 
off and thus to reduce, if not eliminate, 
the effects of edge attack which would be 
particularly significant in the case of 
fatigue test specimens. Such specimens 


1 Metallurgist, Development and Research Division, 
The International Nickel Co., Inc., New York, A 
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could be made so that any effects of the 
direction of rolling could be observed. 

It seems desirable to emphasize that 
the results of the present tests are not 
necessarily indicative of the general be- 
havior of the alloys studied in the types 
of environment in which these tests were 
made. Observations by the writer on 
similar alloys in marine atmospheres and 
in sea water support the following con- 
clusions which’are contrary to the results 
of the present investigation: 

1. Alloys of the type of steel A (19.99 
per cent chromium, 9.82 per cent nickel, 
0.09 per cent carbon) are generally su- 
perior to those of type B (17.5 per cent 
chromium, 7.35 per cent nickel, 0.11 per 
cent carbon) in resisting attack both by 
marine atmospheres and salt water. 

2. Attack of these alloys by marine 
atmospheres is much less severe than by 
salt water. 

3. Attack by salt water generally does 
not decrease with time. 

These apparent contradictions in con- 
clusions are believed to be due primarily 
to some peculiarity of the salt water test 
location used in the present investiga- 
tion rather than to any differences be- 
tween fatigue tests and other methods of 
appraising corrosion damage. 

Mr. J. Maver.?—If refer- 
ence is made to the report of the Mate- 
rials Corrosion Investigation at Eastport, 
Me., by the Corps of Engineers of the 
U. S. Army, photographs of tests speci- 
mens will be found. It will be noted 
that the corrosion of “stainless steels” 


2 Manager, E pepe Service Dept., A. M. Byers 
Co., Pittsburgh, 
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of the 300 series seems to follow a definite 
pattern. These specimens were installed 
in 1935 or 1936 and last year at the in- 
spection period I had the opportunity to 
examine them. 

Corrosion of the stainless plates seems 
to have followed the direction of rolling 
of the metal and had the same general 
appearance as wood beneath the bark of 
a tree where worms have furrowed paral- 
lel with the wood grain. 

I wonder whether this peculiar corro- 
sive attack has been taken into 
consideration when the author’s corro- 
sion-fatigue tests were run on the strips. 
The direction of rolling of the material 
apparently should be considered. Un- 
less this has been considered in the test, 
I cannot see how one system can be com- 
pared with another. 

Mr. W.N. three 
questions I would like to raise in connec- 
tion with the application of the fixed can- 
tilever type of fatigue machine for test- 
ing thin sheet, in which the specimen is 
deflected a given amount in each cycle. 
These are questions which have been 
troubling the writer and others engaged 
in the formulation of specifications for 
the fatigue testing of plastics.‘ 

(1) What is the effect of the unbal- 
anced inertia force from the wrist-pin 
clamp on the stresses developed in such 
a thin specimen? 

T. T. Oberg, and R. D. Lowry, have 
each studied the effect on the specimen 
of the inertia of the wrist-pin clamp. 
Both of these investigators have used 
essentially the same machine and speci- 
men as the author, and have found it 
necessary to replace the type of wrist- 
pin clamp, shown in the paper, by a split 
wrist pin so that no additional load is 
applied to the specimen itself as a result 
of inertia of the wrist-pin clamp. 


3 Instructor in Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Il 

‘Tentative Method ted Flexural Stress 
(Fatigue) Test of Plastics 671 - 42 T), 1942 Book of 
A.S.T.M. Standards, Part III, p. 1251. 
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Another possible solution might be to 


*so shape the wrist-pin clamp that the 


center of percussion of the clamp is 
located at the wrist pin. 

(2) Can we assume that the equation 
S = Mc/I gives the maximum stress in 
the specimen with sufficient accuracy 
when the specimen is a thin sheet such as 
used in the tests by the author? Con- 
sider that thin sheets must be bent to 
quite an appreciable curvature in order 
to obtain stresses which will cause failure 
in fatigue. 

Under such conditions of curvature is 
which is 
precise only for straight beams, suffi- 
ciently accurate for this work? Also 
when it is considered that the flexure 
formula is precise only for beams whose 
width is about the same order of mggni- 
tude as the depth, can we assume that 
the flexure formula gives sufficiently 
accurate results for specimens of the 
shape used by the author? Bending of 
wide beams tends to produce either anti- 
clastic curvature or a biaxial state of 
principal stress, depending on the rela- 
tive length and end conditions of the 
beam. 

(3) Was the weight :f the wrist-pin 
clamp considered in calibrating the 
specimen and setting up the machine? 
If it was not, the range of stress of the 
stress cycle would not be complete re- 
versal. That is, the mean stress of the 
cycle would not be zero, as assumed, but 
perhaps as much as 5 or 6 per cent of the 
alternating component of the cycle. 

None of the points raised in this dis- 
cussion would seriously affect the com- 
parative results of corrosion tests. They 
may, however, affect the numerical re- 
sults of the fatigue tests. 

Messrs. W. H. Mutcuier’ and J. A. 
Kres® (authors’ closure).—As Mr. LaQue 


the flexure formula, S = 


5 Associate Metallurgist, National Bureau of Standards, 
Washington, D. C. 
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DISCUSSION ON EVALUATING CORROSION DAMAGE OF SHEET METALS 


has inferred, the problems of selecting 
samples from corroded panels, and of 
choosing the method for evaluating 
damage, are closely related. If, for 
example, corrosion is very severe, but 
restricted or directional in its distribu- 
tion over the surface, methods which aim 
to evaluate damage by determinations 
of mechanical properties are generally 
precluded. 

Since, on the panels reported upon in 
this paper, the distribution of the cor- 
rosion was relatively uniform, the sam- 
pling presented no difficulties. Exclud- 
ing a 1} in. length at the end of each 
panel, the remainder was regularly sub- 
divided into 12 rectangles approximately 
24 by 13 in., and specimens longitudinal 
to the direction of rolling were machined 
from each for fatigue testing. 

Directional corrosion may, at times, 
be owing to the manner in which panels 
are suspended, instead of resulting from 
nonhomogeneities in the metal. It is 
therefore often advisable to expose large 
samples to the corroding medium, with a 
view to discarding the ends on which 
such corrosion is the most likely to be 
confined. 

Reference to Fig. 5 reveals that the 
fatigue limits of the two steels, for a 
given period of exposure, differed within 
a relatively narrow range of +1000 to 
3500 psi. Hence, on the basis of these 
tests, the conclusion most deserving of 
emphasis is that they corroded so simi- 
larly that, for most service applications, 
they would prove equally satisfactory. 
With alloys so closely related in chemical 
composition it is not unusual because of 
uncontrolled variables, to find that one 
or the other may appear slightly the more 
resistant to attack in separate corrosion 
tests presumably performed under identi- 
cal conditions. 

The more severe attack on panels 
exposed to the atmosphere was owing, 
in part, to abnormal depositions of soot 
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from nearby locomotives. However, the 
fact that the rate of corrosive attack 
may decrease with time, and in salt 
solutions, has been established. This 
phenomenon was noted by Dix,® in a 
paper presented before this Society in 
1933, and has been confirmed in many 
instances in tests made at the National 
Bureau of Standards. 

The errors introduced by ignoring the 
angular and translational accelerations 
of the wrist pin clamp, concerning which 
Mr. Findley inquires, were determined 
to be less than one-half per cent. Among 
other possible sources of error which 
might be mentioned are the forces due 
to the accelerations in the specimen it- 
self, the friction in the wrist pin, the air 
friction, limitations of accuracy in set- 
tings and alignments, corner and fillet 
effects, and variations in room temper- 
ature. However, stroboscopic observa- 
tions revealed no significant secondary 
deflection due to clamp inertia. 

No particular claims are made for 
accuracy in the determination of the 
fatigue limit by this method, so that 
errors of the type listed and theoretical 
considerations as to formulas involved 
are relatively unimportant. The im- 
portant points are that the method 
affords reproducible results, and, by 
establishing the approximate fatigue 
limits of corroded samples, permits the 
determination of comparative rates of 
attack between alloys of related chemi- 
cal composition. 

The setting of the mean stress at 
zero was accomplished by means of a 
special jig designed by Mr. Kies. The 
calibration of each specimen was done 
in a manner such that the weight of the 
clamp had no effect upon the setting of 
the mean stress. A description of the 
method will be furnished gladly upon 
request. 


*E. H. Dix, Jr., “Corrosion Resistance of Structural 
Aluminum,” Proceedings, Am. Soc. Testing Mats., Vol. 


33, Part II, p.405 (1933), 
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a THE INFLUENCE OF THE COMBINATION OF PRINCIPAL STRESSES 


4 IN FATIGUE OF METALS 


By D. J. McApam, jr. 


In recent papers by the author, evidence has been presented that the techni- = 
cal cohesive strength of a metal cannot be represented by a single stress bac! | 
value, but comprises an infinite number of values depending on the combina-. fe 28 al 
tion of the principal stresses. This paper discusses the relation between | ee 
the three-dimensional diagram representing the influence of the combination | ati vid 
of principal stresses on the technical cohesion limit and yield stress, and ~ 
diagrams representing results of various investigations of the influence of the 
combination of principal stresses on the fatigue limit. “Chafing fatigue” Bact am 
is considered to be a manifestation of the influence of combined radial com- eps 
pression and cyclic flexure. The damaging effects of combined radial com- _ 
pression and cyclic flexure have been interpreted with reference to diagrams  — 
representing the influence of the combination of principal stresses on the 


ting technical cohesion limit. 


fs 2 According to the prevalent view, the 
technical cohesive strength of a metal, 

in any particular state as regards prior 
of mechanical treatment and heat treat- 
ment, may be represented by a single 
value of the algebraically greatest prin- 
cipal stress.2, Opposing views, however, 
have been expressed by some investi- 
gators, notably Bridgman (1-4). As a 
result of compression tests, Bridgman 
reached the conclusion that the technical 
cohesion limit varies with the combina- 
“ tion of principal stresses. In two recent 
papers (20, 21), the author has expressed 
er similar views based on published results 


1 Metallurgist, National Bureau of Standards, Wash- 
mrt t be resolved into three princi- 
y stress system may resolved into three 

l stresses norma] to three mutually perpendicular planes, 


& nown as the “principal planes,” on which there is no 
ae shearing stress. Tensile stresses are viewed as positive, 
and stresses as negative. 
et! boldface numbers in parentheses refer to the 
ts appearing the list of references 
appended to this paper, see p. 591. 
4 


of tension tests of notched specimens, 
and has presented two-dimensional dia- 
grams and projections of three-dimen- 
sional diagrams showing qualitatively 
the variation of the technical cohesion 
limit, ultimate stress, and yield stress 
with the combination of principal 
stresses. 

By a technical cohesion limit is meant 
the mean stress at actual or potential* 
rupture. An example of a technical 
cohesion limit is the “true” breaking 
stress of a tension test specimen, the 
breaking load divided by the sectional 
area at fracture. When a metal is duc- 
tile, however, the cohesion limit thus 
determined has been greatly altered by 
the plastic deformation during the test. 
According to a prevalent view, plastic 

4 Because plastic deformation increases the cohesive 


strength, the initial cohesion limit of a ductile metal 
ometimes can be only estimated, not actually attained. 
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extension first increases, then decreases 
the technical cohesive strength of a 
metal, and fracture occurs when the 
continuously rising curve of flow stress® 
intersects the descending curve of tech- 
nical cohesion. As shown in two pre- 
vious papers by the author (20, 21), how- 
ever, plastic extension causes a continu- 
ous increase in the technical cohesive 
strength, but the increase of the flow 
stress is faster. The intersection of a 
curve of flow stress and the correspond- 
ing curve of cohesion is at a small angle. 
According to the generally accepted 
theory, the yield strength of metal may 
be represented by a constant value of the 
shearing strain energy, and hence by a 
constant value of the sum of the squares 
of the principal stress differences. In 
one of the previous papers (21), however, 
the author presented evidence that the 
yield stress depends also on the volume 
stress, the algebraic average of the three 
principal stresses.* 

The failure of a metal by fatigue must 
be attributed to a progressive failure of 
cohesion, in the region where the flow 
stress first reaches the corresponding 
value of the cohesive strength. (Be- 
cause of the stress gradient and deforma- 
tion gradient, however, this local stress 
value cannot be considered a technical 
cohesion limit.) The nominal fatigue 
limit can generally be correlated more 
nearly with the ultimate tensile strength, 
or with some other index of resistance to 
plastic deformation, than with an index 
of technical cohesive strength. Gough 
and Pollard (10-12) compared the results 
of their investigation of the influence of 
the combination of principal stresses on 
the fatigue limit with various theories 
of variation of the yield stress. With 


5 By “‘flow stress”’ is meant the yield stress based on the 
corresponding sectional area, not on the original area. 

* Any stress system may be resolved into a polarsym- 
metric stress (a term used by Kuntze) causing pure volume- 
strain, and a combination of pure shearing stresses. By 
«polarsymmetric stress”’ is meant a system consist of 

equal principal stresses. 
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one steel they found fairly close agree- 
ment with the theory of constant maxi- 
mum shear energy; with other steels 
they found closer agreement with the 
theory of constant total energy. These 
investigators, however, do not suggest 
that there is any @ priori reason for such 
agreement. 

Nevertheless, the form of a three- 
dimensional diagram representing the 
variation of the fatigue limit with the 
combination of principal stresses must 
be influenced directly or indirectly by 
the form of a corresponding diagram of 
variation of either the yield stress, ulti- 
mate stress, or technical cohesion limit. 
As the author has presented new two- 
dimensional and three-dimensional dia- 
grams for the variations of these indices 
of static strength, it appears desirable to 
discuss the relation between these dia- 
grams and corresponding diagrams 
representing the variations of the fatigue 
limit. It can be shown that some of 
the discrepancies between the fatigue 
limits obtained with smooth, unnotched 
specimens, and the fatigue limits of 
machinery parts are explainable in 
terms of the combination of principal 
stresses. 


THE INFLUENCE OF THE COMBINATION 
OF PRINCIPAL STRESSES ON THE TECH- 
NICAL ConHEsION Limit, ULTIMATE 
STRENGTH, AND YIELD STRESS. 


The Technical Cohesive Strength of a 
Brittle Metal: 


Only a brief discussion can here be 
given of the influence of the combination 
of principal stresses on the technical 
cohesion limit and resistance to plastic 
deformation. For detailed discussion, 
reference may be made to the previous 
papers on this subject (20, 21). An 
illustration from one of the previous 
papers (21) is shown in Fig.1. Figure 1 
(a) is a two-dimensional representation 
of the technical cohesive strength of a 
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120 205 


== TWO-DIMENSIONAL DIAGRAM, 

TWO PRINCIPAL STRESSES EQUAL. 
(b) -- verTICAL SECTION, THREE- 
DIMENSIONAL DIAGRAM. 


(C) --TOP VIEW, THREE-DIMENSIONAL 
DIAGRAM. 
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brittle metal. Figure 1 (6) and (c) 
represent a vertical section and a top 
view, respectively, of a three-dimen- 
sional diagram. 

Figure 1 (a) represents stress combina- 
tions with two of the principal stresses 
equal.’ Stress combinations of this kind 
would be produced by subjecting a 
cylinder to axial stress and uniform 
radial stress. The uniform radial stress 
may be resolved into two equal principal 
stresses, whose mutually perpendicular 
directions are rotatable around the 
specimen axis. In such a system the 
stress is the same in any direction in a 
plane perpendicular to the axis. Stress 
combinations with two of the principal 
stresses equal are of two types. In one 
type, the axial stress is algebraically 
greater than the radial stress; the axial 
stress thus is S;, and S: is equal to S3. 
Combinations of this type are repre- 
sented by curve A of Fig. 1 (a). In the 
other type, the radial stress is greater 
than the axial stress; the radial stress 
then is S;, and S2 is equal to S;. Com- 
binations of this type are represented by 
curve R of Fig. 1 (a). 

Line H, making an angle of 45 deg. 
with the axes of coordinates, is the locus 
of all points representing polarsym- 
metric® stress (S; = S2 = S3). The 
point 7, represents the “disruptive 
stress,”’ the polarsymmetric stress neces- 
sary to cause rupture. The points 
designated T, and 7, represent rupture 
under unidirectional tehsion and com- 
pression, respectively. The points T2 
and Tz represent rupture under radial 
compression and tension, respectively. 
Line G is the locus of points representing 
pure shear, and the intersections of this 
line with curves A and R represent rup- 
ture under pure shearing stress. (The 


7 In this paper, as in the two previous pai (20, 21 
the elesbuckaliy greatest principal stress will b be desig 
nated 5S, the least principal stress will be designated 

and the intermediate principal stress will be 
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radial stress is arithmetically half the 
longitudinal stress.) 

Another curve of this type is curve A 
of Fig. 6 (a). The radiating lines repre- 
sent constant values of the ratio (.S3/5;1) 
of radial to axial stress. The intersec- 
tions of these lines with curve A repre- 
sent corresponding values of the 
technical cohesion limit. As the tech- 
nical cohesive strength of a metal cannot 
be represented by a single stress value, 
any specific cohesion limit must be 
referred to the corresponding combina- 
tion of the principal stresses. When S:2 
is equal to S;, any cohesion limit may be 
designated with reference to the corre- 
sponding value of S;/S;. The cohesion 
limits for unidirectional and polarsym- 
metric stress, therefore, have been 
designated JT, and 7;, respectively, 
and the cohesion limit corresponding to 
any other value of S;/S; has been 
designated by 7 with this value as a 
subscript. 

Removal of the restriction that at 
least two of the principal stresses must 
be equal makes it necessary to represent 
the technical cohesive strength of a 
metal by a three-dimensional diagram. 
A complete three-dimensional diagram 
has three equivalent, mutually per- 
pendicular axes of unidirectional stress, 
three equivalent planes representing zero 
value of one of the principal stresses, 
and three equivalent planes (120 deg. 
apart) representing stress combinations 
with two of the principal stresses equal. 
The surface of the diagram represents all 
possible combinations of the principal 
stresses at the technical cohesion limit; 
there are generally six equivalent points 
for any stress combination. The locus 
of polarsymmetric stresses makes equal 
angles with the directions of the three 
principal stresses, and is symmetrically 
situated with reference to the three 
equivalent axes of unidirectional stress. 
As the locus of polarsymmetric stresses 
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CROSS SECTION 
L--LOCUS OF FRACTURES L_--LOCUS OF TECHNICAL 
Ly--LOCUS OF YIELDS COHESION LIMITS 
CORRESPONDING TOL / “CORRESPONDING TO L 
Yq AND INITIAL 
YIELD STRENGTH 
ry 
Fic. 2.—Vertical and Cross-Sections of Three-Dimensional Diagram Representing Technical 
i a Cohesive Strength and Yield Strength of Ductile Steel. it ary 
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is an axis of symmetry of the three- 
dimensional diagram, the form of the 
diagram may be clearly revealed by two 
views; a view of a section containing the 
axis of symmetry and representing stress 
combinations with two of the principal 
stresses equal, and a (top) view in the 
direction of this axis. A vertical section 
of such a diagram is represented by 
Fig. 1 (6) and a top view is represented 
by Fig. 1 (c). 

In a three-dimensional diagram, the 
angle between the locus of polarsym- 
metric stresses (H) and the directions of 
each of the principal stresses is tan~ 
V2, about 54 deg. 44 min. Any 
point in Fig. 1 (6) has the same ordinate 
as the corresponding point in Fig. 1 (a) 
but the abscissa of a point in Fig. 1 (6) 
is derived by multiplying the corre- 
sponding abscissa in Fig. 1 (a) by 2. 
Because of this relationship, the line 
representing pure shear is tilted from 
the position represented by line G to that 
represented by line Gg. Line Gg thus 
is perpendicular to the locus of polar- 
symmetric stresses Hz. 

In a three-dimensional diagram, there 
are three sections representing stress 
combinations with at least two of the 
principal stresses equal. These sections 
pass through the axis of symmetry and 
are 120 deg. apart. In Fig. 1 (c), the 
top view, these sections appear as three 
lines radiating from the axis of sym- 
metry. These lines are cut by contour 
lines, each corresponding to the indi- 
cated value of the volume-stress.* The 
number adjacent to each contour line 
indicates the corresponding value of the 
volume stress, which is indicated also 
on line Hz of Fig.1 (5). The size of the 
triangular cross-section of the three- 
dimensional diagram decreases with in- 
crease in the volume stress; the diagram 


® The volume-stress is equal to the algebraic average 
of the three principal stresses. ‘It thus is + S2+ 
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thus tapers nonlinearly to the point 
(T;) representing the disruptive stress. 
All points derived from curve Ax, are 
on the sloping sides of the three-dimen- 
sional diagram; all points derived from 
curve R, are on the sloping edges. 

As shown in a previous paper (21), the 
three-dimensional diagram has either a 
triangular contour (Fig. 1) or a three- 
cornered contour with curved sides 
(Fig. 18 (a) of a previous paper (21)). 
The curvature of the sides possibly in- 
creases with increase in the volume- 
stress. 


The Technical Cohesive Strength, Ulti- 
mate Strength, and Yield Strength of a 
Ductile Metal: 


A three-dimensional diagram repre- 
senting the initial technical cohesive 
strength of a ductile metal, or of a metal 
at any instant during plastic deforma- 
tion, probably is qualitatively similar to 
the three-dimensional diagram for a 
brittle metal (Fig. 1). Figure 2 (a) 
shows a vertical section (Sz = Ss) of a 
three-dimensional diagram representing 
the technical cohesive strength and 
yield strength of a ductile metal. 
Curves A z and R ; (similar to the curves 
so designated in Fig. 1 (b)) represent the 
initial technical cohesive strength. Ex- 
cept at the point (7,) representing the 
disruptive stress, these curves are out- 
side the curves (Y4 and representing 
yield strength. Any combination ‘of 
sufficiently high stresses excepting polar- 
symmetric stress, therefore, would cause 
plastic deformation, and thus would 
increase the size of the three-dimensional 
diagram representing the technical co- 
hesive strength. After considerable de- 
formation, the vertical section would be 
represented by curves A’, and R's. 
Curve L is the locus of fractures, when 
S2 is equal to S;. Its complex form is 
due to the influence of two variables, 
plastic deformation and 
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Curves representing the ultimate 
strength would be similar in form to 
the curves representing the technical 


cohesive strength and yield strength. 


Figure 2 (b) represents a cross-section 


| at a volume-stress of minus 100,000 psi., 


in the position of line E of Fig. 2 (a). 
The initial and final technical cohesive 
strengths are represented by triangles T 
and T’, respectively; the initial and final 
yield strengths are represented by circles 
Y and Y’, respectively. The three- 
dimensional diagram representing yield 
strength has a circular cross-section, and 
tapers nonlinearly to the point repre- 
senting the disruptive stress. With 
plastic deformation, this diagram in- 
creases in size, and the circular 
cross-section eventually touches the 
middles of the sides of the increasing 
triangles representing the technical co- 
hesive strength (Fig. 2 (a)). Rupture 
then occurs if S: equals S;, but addi- 
tional plastic deformation is possible if 
S» is greater than S;. Unlimited plastic 
deformation of a very ductile metal is 
possible when S2 is nearly equal to S; 
(and when 53/5; is not too high). This 
relationship is illustrated by the dis- 
continuities in the locus of rupture (L) 
in Fig. 2 (0). 

The diagram representing fracture by 
shear may have the hexagonal cross- 
section represented by W in Fig. 2 (6). 
It is also possible that the cross-section 
is circular. In either case, the diagram 
may intersect the diagram for rupture 
as indicated qualitatively in the figure. 

Each of three equivalent sections of 
the three-dimensional diagram represents 
stress combinations with zero value of 


lone af the principal stresses. One of 


these sections is perpendicular to the 


tat plane of Fig. 2 (a), and passes through 


the axis of abscissas, the line extending 
through 7.2. and Tr. A view of such a 


| section is shown in Fig. 3 (a). In this 


oblique section of the three-dimensional 
diagram, the triangles T and 7’, the 
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approximately elliptical sections Y and 
Y’, and the locus of fractures L, have 
the same designations as in the cross- 
sectional view, Fig. 2 (b). The sections 
representing yield strength are not 
ellipses in the oblique section, because 
the three-dimensional diagram repre- 
senting yield strength tapers with in- 
crease in the volume stress. 


The Technical Cohesive Strength of Gray 
Cast Iron: 


As fatigue of gray cast iron under 
various stress combinations is to be 
discussed later, a brief discussion will 
now be given of the probable form of the 
diagram representing the technical co- 
hesive strength of this material. 

Under some stress combinations, gray 
cast iron exhibits considerable plasticity. 
Moreover, fracture under some stress 
combinations is by shear rather than by 
rupture. A complete diagram repre- 
senting the technical cohesive strength 
of gray cast iron, therefore, is of com- 
plex form. The initial technical co- 
hesive strength, for resistance to rupture, 
may be represented in oblique section by 
triangle T of Fig. 3 (0), although the 
sides of the contour possibly are curved. 
The fact that the shearing strength of 
cast iron is greater than its tensile 
strength may be due largely to the 
plastic deformation possible under pure 
shear and may not mean that the section 
representing the imitial technical co- 
hesive strength has a greater ordinate 
at N thanat M. Asa shearing fracture 
occurs under unidirectional compression, 
the section (W) representing shearing 
fracture must cross the axis of abscissas 
between 0 and 7, as indicated in the 
figure. 


EFFect oF ComBINING CycLic STRESS 
WITH STATIC STRESS OF A 
DIFFERENT KIND 


That the influence of static tension 
on the torsional fatigue limit is of con- 
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siderable practical importance is indi- 
cated by the improvement of the fatigue 
limit due to relief of longitudinal in- 
ternal tensile stress. This evidence is 
supported by results of an investigation 
by Hohenemser and Prager (14) on the 
quantitative influence of static tensile 
stress on the fatigue limit for alternating 
torsion. The torsional fatigue limit was 
found to decrease at an increasing rate 
with increase in the longitudinal tensile 
stress. The equation suggested by Ho- 
henemser and Prager to represent the 
relationship is 


+ = 


where g = the torsional fatigue limit 
under any given stress 
combination, 
qi = the fatigue limit for pure 
alternating torsion, 
P =the applied static tensile 


stress, and 
P, = the ultimate tensile stress. 


This is the equation for an ellipse, of 
which P; and q; are the semiaxes. 

In Fig. 4 (6), the results are repre- 
sented in terms of the principal stresses 
(one of the principal stresses, the radial 
stress in the specimen, is practically 
zero). Pure torsional fatigue is repre- 
sented by the lower end of curve G, and 
the course of this curve shows the influ- 
ence of increasing static tensile stress. 

The influence of static torsion on the 
flexural fatigue limit is also of much 
practical importance. Such a combina- 
tion of stresses occurs in many shafts. 
This subject has been investigated by 
Ono, discussion of paper by Gough and 
Pollard (10), and by Lea and Budgen 
(19). Both investigations led to the 
same conclusion, that static torsional 
stress does not diminish the flexural 
fatigue limit appreciably unless the 
torsional stress exceeds the half range of 
the flexural stress. Above a certain 
value of the torsional stress, however, 


there is an abrupt decrease in the flexural 
fatigue limit. 

In discussing a paper by Gough and 
Pollard (10), Ono reported that cast iron 
under combined static torsion and alter- 
nating flexure behaves differently from 
steel. The fatigue limit of the cast iron 
was found to be considerably affected 
by static torsion. The investigation, 
however, had not been completed. 

Davies, in discussing the same paper 
by Gough and Pollard (10), said that 
the influence of static torsion on the 
flexural fatigue limit had been studied for 
5 or 6 yr. at Battersea Polytechnic In- 
stitute and had been discussed in theses 
for the degree of master of science. The 
results given by Davies are represented 
by curves £ and F of Fig. 4 (6). The 
fatigue limits under pure flexure are 
represented by the lower ends of these 
curves, and the course of each curve 
shows the influence of increasing static 
torsional stress. The results are not in 
agreement with those of Ono and of 
Lea and Budgen (19). Static torsion, 
even in relatively small amount, evi- 
dently decreased the flexural fatigue 
limit. The equation suggested by Dav- 
ies was (with change of letters) = 


where P = the flexural fatigue limit 
(semirange) for any stress 

combination, 
Q = the corresponding static tor- 

sional stress, 


P, = the fatigue limit for pure 
alternating flexure, and 
Q, = the static ultimate torsional 


stress. 


This is the equation for an ellipse, of 
which P; and Q, are the semiaxes. 
Much further investigation of this 
subject evidently is needed. It should 
include also combinations with varying 
mean stress of the cycle as" well as vary- 
ing static stress. 
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EFFect oF COMBINING CycLic TENSILE 
(oR BENDING) STRESS WITH CYCLIC 
TORSIONAL STRESS 


All reported investigations of com- 
bined cyclic bending and cyclic torsion 
have been made with the two cycles in 
phase. The earliest reported investiga- 
tion was by Stanton and Batson (27). 
In their experiments, the ratio of the 
torsional moment to the bending moment 
ranged from zero to 20. The results, 
obtained with a mild steel, were said to 
correspond rather closely with a constant 
value of the maximum shearing stress. 

An extensive investigation of the sub- 
ject was started at the National Physical 
Laboratory, and three papers have been 
published by Gough and Pollard (10-12). 

. Their results were obtained by combin- 
ing alternating plane flexure with alter- 
nating torsion. The materials used 
were steels and cast irons. Both solid 
and hollow specimens of two steels were 
used. The fatigue limits were generally 
lower for hollow than for solid specimens. 
The differences were slight (0 to 4 per 
cent) for pure alternating flexure, but 
increased to 7} to 10 per cent for pure 
alternating torsion. The variation of 
the fatigue limit with the combination 
of principal stresses, however, was quali- 
tatively the same for both solid and 
hollow specimens. As the torsional 
endurance range is increased from zero, 
the flexural endurance range decreases. 
An increase of the flexural endurance 
range has a similar effect on the torsional 
endurance range. By plotting as co- 
ordinates the corresponding endurance 
half ranges, Gough and Pollard found 
each curve to be an ellipse, which may 
be represented by the equation 


+ F/q? = 1 

where fandg =the half ranges of 

bending and tor- 
sional stresses for 


given stress 
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combination, and 
fi and g; = the fatigue limits for 
alternating 


flexure and pure al- 
ternating torsion, 


respectively. 


This equation is identical in form with 
the equations suggested by Hohenemser 
and Prager (14) and by Davies (10) to 
represent the effect of combined cyclic 
and static stresses, differing in kind. 

A comparison was made by Gough and 
Pollard between the variations of the 
fatigue limit and the criteria of the 
various theories of the influence of the 
combination of principal stresses on 
yield. As a basis for such a comparison, 
the ratios of the calculated maximum 
shear stresses (half range) to the value 
for pure alternating flexure were plotted 
against the ratios of bending moment to 
twisting moment. These curves were 
compared with similar curves drawn in 
accordance with the various theories. 
With some metals, the results con- 
formed rather closely to the theory of 
constant maximum shearing energy; with 
others, the results were intermediate be- 
tween the curve representing constant 
maximum shearing stress and the curve 
representing constant maximum shear 
energy. 

From the results obtained by Stanton 
and Batson (27) and by Gough and 
Pollard (10, 11) calculations have been 
made of the principal stresses (one of 
the principal stresses is practically zero), 
the values obtained have been plotted in 
Fig. 4 (a), and curves have been drawn 
for qualitative comparison with the 
boundaries of a section of a three-dimen- 
sional diagram representing the technical 
cohesive strength of a ductile steel. The 
sectional view here shown is qualita- 
tively similar to the previously described 
section in Fig. 3 (a). Results obtained 
with solid specimens have been placed 
above the line of symmetry of this 
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section, and results obtained with hollow 
specimens have been placed in an equiva- 
lent location below this line. Curve M’ 
has been drawn equal to curve M to 
facilitate comparison. 

Although the results obtained by 
Stanton and Batson conform rather 
closely to the hexagon representing the 
criterion for the maximum shear theory, 
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the yield strength of steel that has re- 
ceived considerable plastic deformation. 
The evidence thus suggests that the form 
of a curve such as curves M and N of 
Fig. 4 (a) is influenced by the boundary 
of the three-dimensional diagram repre- 
senting yield. For a soft steel, this 
diagram (Fig. 2) is relatively long and 
slender, and tapers only slowly until it 
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they would conform nearly as well with 
an ellipse representing the theory of 
maximum shear energy. The results 
obtained by Gough and Pollard with the 
0.1 per cent carbon steel conform rather 
well with the approximate ellipse Y. 
The results obtained with the stronger 
steels, however, do not conform to an 
ellipse, but conform rather closely with 
the shape of the section Y’ representing 


Irons. 


has extended far into the region of three- 
dimensional tension. For a hard steel, 
the departure from a nearly cylindrical 
form is more rapid, and hence an oblique 
section such as Y’ of Fig. 4 (a) is further 
from the elliptical form. Curves M and 
N, consequently, are further from a true 
eg form than is the curve obtained 
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With cast irons, Gough and Pollard 
(10, 12) obtained the results represented 
in Fig. 5, which is of the same type as 
Figs. 3 and 4. The results evidently 
may be represented by straight lines. 
Comparison of these lines with the 
corresponding side of triangle T of Fig. 


combination of principal stresses is in- 
fluenced by the adjacent boundary of the 
three-dimensional diagram representing 
the technical cohesive strength. The 
fact that line C of Fig. 5 is nearly hori- 
zontal, if considered alone, would sug- 
gest, as it did to Gough and Pollard 
(10), that the fatigue limit of cast iron 
may be determined by a constant maxi- 
mum value of the greatest principal 
stress. The other lines (12) in Fig. 5, 
however, give no support to this view. 
The slope of each line probably would 
be greater if the course were not influ- 
enced by the variation of plasticity with 
the combination of principal stresses. 


Errect OF COMBINING RADIAL 
COMPRESSIVE STRESS WITH 
Cyciic FLEXURE 


In all the stress systems represented 
in Figs. 3, 4, and 5, the stress normal to 
the lateral surface of the metal is practi- 
cally zero. Consideration will now be 
given to the effect on the fatigue limit of 
combining cyclic flexure with either 
steady or repeated lateral compression. 
Such stress systems are induced in 
machinery parts by press fits, grips, 
collets, clamps, bearings, etc. The fa- 
tigue limit under such conditions may be 
much less than that forasmoothspecimen 
free from surface pressure (5, 16-18, 24, 
25, 26, 30-32). Even a press-fitted sleeve 
that transmits no bending moment to 
the shaft may lower the fatigue limit to 
less than half the ordinary value. The 
damaging effect is especially great at 


the line where the edge of the sleeve 
exerts repeated pressure on the shaft.® 

Some investigators of fatigue of press 
fits have focused attention on the rub- 
bing or chafing action, and the effect 
has been called “chafing fatigue.” At- 
tention has been called to the roughening 
of the surface and to the fact that such 
action is associated with the production 
of fine oxide powder. As shown by 
Thum and Wunderlich (31), however, 
the lowering of the fatigue limit has 
little relation to the amount of this 
powder formed. Moreover, the fatigue 
cracks frequently start in relatively 
smooth regions of high repeated pressure, 
rather than in adjacent rougher regions. 
The effect of the surface roughness, of 
itself, would be no greater than if the 
shaft had been so roughened prior to an 
ordinary fatigue test; chafing and re- 
peated flexure could have no conjoint 
action similar to that of cyclic stress and 
corrosion. And yet the lowering of the 
fatigue limit by a press-fitted member 
frequently is too great to be accounted 
for by surface roughness. 

Evidence will now be presented. that 
the damage caused by such press fits is 
due largely to the combination of prin- 
cipal stresses. Even the roughening of 
the surface by the removal of small 
particles of metal is due to local fatigue 
under the combination of cyclic flexure 
and radial compression. 

When a cylindrical specimen is sub- 
jected to cyclic flexure and to steady or 
repeated radial compression, the stress 
system is of the type represented by 
curve A of Fig. 1 S,<S,). A 
similar curve is shown in Fig. 6 (a), and 
portions of the same curve are repro- 
duced in Fig. 6 (6) and (c). In each 
diagram, 7, represents rupture under 


* That compressive stress concentration plays an 
important part in this damage is indicated by the fact 
that the fatigue limit of a specimen of annealed metal 
under combined flexural stress and radial compressive 
stress, may be greater than that of a heat-treated or cold- 
worked metal. Tet yield of the softer metal evidently 
gives partial relief of the compressive stress concentration | 
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static unidirectional tension; T.. repre- 
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sents rupture under radial compression, 


- with no longitudinal stress. 


curve A. 
_ to represent the limits of the endurance 


As curve A 
is a boundary of the diagram represent- 
ing the static technical cohesive strength, 
this boundary evidently could not be 
exceeded by any combination of cyclic 
stresses at the fatigue limit. 

If a specimen be subjected to static 
radial compressive stress of the amount 
represented by JT. of Fig. 6 (a), its 
flexural fatigue limit evidently would be 
zero, because the superposition of any 
flexural stress would push the point 
representing the stress system beyond 
If lines Z and L’ be assumed 


range, and if it be assumed that this 
range is not narrowed by the super- 
position of a static radial compressive 


_ stress within the limitations of curve A, 


decrease of the endurance range would 
begin when the static radial compressive 
stress exceeds the value corresponding 
to point M, and the range would con- 
tract as indicated in the figure. A simi- 
lar variation of the endurance range 
would occur when the mean flexural 
stress is compressive, and the limits of 
the endurance range are lines N and N’. 

Many press fits, however, induce 
repeated radial compressive stress super- 
posed on the static radial compressive 
stress and cyclic flexure. The edge of a 
sleeve may cause high local repeated 
pressure. The effect of such repeated 
pressure is represented qualitatively as 
a first approximation in Fig. 6 (0). If 
L and L’ represent the limits of the 
endurance range when the mean radial 
compressive stress is represented by the 
abscissa of point E, and if the repeated 
superposed radial compressive stress be 
represented by the difference between 
the abscissas of C and E, the limit of the 
range of compressive stress would be be- 
yond curve A ; the fatigue limit under such 
a stress system, therefore, would be ex- 


ceeded. At the fatigue limit, the limit of | 
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the radial compressive stress could be no 
greater than that represented by D. 
The flexural stress range corresponding 
to this limit evidently would be between 
M and M’. It is possible thus to ac- 
count qualitatively for the lowering of 
the flexural fatigue limit because of the 
superposition of repeated and steady 
radial compressive stress. 

It is probable, however, that the 
flexural endurance range would be lim- 
ited, not by the boundary of the diagram 
representing static technical cohesion, 
but by a certain nearness to this bound- 
ary. Under repeated pure radial com- 
pressive stress, the fatigue limit probably 
would be less than that represented by 
the abscissa of point T.2 of Fig. 6(c). If 
it be assumed that this fatigue limit is 
represented by point D and that the 
limits of the stress range for pure flexure 
are represented by points F and F’, the 
influence of varying repeated compres- 
sive stress on the flexural fatigue limit 
probably would be represented qualita- 
tively by curves LZ and L’. Further 
investigation evidently is needed to 
determine the relationship. 


SUMMARY 

A brief survey has been made of the 
recent views presented elsewhere by the 
author on the influence of the combina- 
tion of principal stresses on the technical 
cohesive strength and yield strength of 
metals. Comparison has then been 
made of the diagrams representing these 
relations with data published by various 
investigators on the influence of the 
combination of principal stresses on the 
fatigue limit. ‘Chafing fatigue”’ is con- 
sidered to be a manifestation of the 
influence of combined radial compression 
and cyclic flexure. The damaging effects 
of the radial compression have been in- 
terpreted with reference to diagrams 
representing the influence of the com- 
bination of principal stresses on the 
technical cohesion limit. = 
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und Stahl bei wechselnder Biegung, 
verglichen mit den Ergebnissen des Zug- 
versuchs,” Zeiischrift des Vereines deutscher 
Ingenieure, Vol. 67, pp. 631-636 (1923). 
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ae 8) A. Thum and E. Wunderlich, “Der Ein- Zeitschrift fiir Metallkunde, Vol. 27, pp. 
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tionen,” Zeitschrift des Vereines deutscher =Dauerhaltbarkeit von Formelementen 
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Technischen Hochschule, Darmstadt, No. Mechanical Engrs., Vol. 146, p. 32. 
5 (1934). (34) E. E. Weibel, “The Correlation of Spring 
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Mr. H. F. Moore.—I want to em- 
phasize a statement which Mr. McAdam 
made, that it is hoped that there will be 
undertaken further investigations of the 
effect of combined stress. This “tech- 
nical cohesive strength” is one of the 
important things just coming ’round the 
corner, and the effect of other kinds of 
structural damage, especially slip, upon 
it is of great importance. 

Some years ago J. N. Kenyon, of Co- 
lumbia University, showed that rotating 
a wire under bending, if a film of oil were 
forced between the wire and the jaws, 
did away with localized stress at the 
bearing to quite an extent. In recent 
experiments made in connection with 
bending, we have found that this 
localized stress could be at least 
mitigated by the use of a heavy coating 
of grease. Both of these cases, of course, 
would reduce the intensity of radial 
compression and would fall in line with 
what Mr. McAdam said. 

Mr. M. F. Sayre.2—Mr. McAdam’s 
paper has to be viewed in the light of 
several other papers which he has pre- 
sented recently. Because of that, it is 
very difficult to discuss by itself. 

I think the important thing which he 
has been bringing out is possibly this: 
the need of further study of other com- 
binations of stress than the ones on 
which we have been concentrating our 
attention in the past. 

We have had a series of theories of 
failure presented based on tests of a cer- 


1 Professor of Engineering Materials, University of 
Illinois, Urbana, Il. 
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2 Professor Applied Mechanics, Union College, 


tain limited range of combinations. 
These theories of failure have dealt al- 
most entirely with the conditions under 
which plastic yielding would begin. I 
think the evidence is becoming stronger 
and stronger that the major danger to 
structures comes not from plastic yield 
but from some form of brittle failure. 
This is evidenced by both published and 
unpublished information as to types of 
failure in welded and other structures 
and in machines. Consequently we will 
do well to emphasize our studies of co- 
hesive strength rather than of plastic 
yield. I think it is also evident that no 
one simple theory of failure, such as the 
shear theory or the theory of maximum 
shear energy, and so on, will satisfy the 
picture, but that we will have to have 
some kind of three-dimensional diagram 
which will reflect the fact that sometimes 
it is a plastic yield failure and sometimes 
it is a cohesive failure, sometimes a fa- 
tigue failure, or a combination of these 
which must be considered in our studies 
of what will happen. 

Mr. J. M. Lessetts.*—I wish to as- 
sociate myself with the remarks made 
by previous speakers on the importance 
of work on combined stresses. 

Regarding the reference on page 15 to 
“chafing fatigue” the author seems to 
believe this is a manifestation of the in- 
fluences of the combined radial com- 
pression and cyclic flexural stresses. 
There 


* Associate Professor of Mechanical Engineering, 
Rapes Dept., Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

E. Benson, discussion of paper by G. A. Tomlin- 
son, P. L. Thorpe and H. J. Gough, “‘Fretting Corrosion 
of Closely Fitting Surfaces,’’ Proceedings, Inst. Mechani- 
cal Engrs., Vol. 142, March, 1940, p. 401. 
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“chafing fatigue” will develop under 
movements which are normal to the con- 
tact surface. Flexural stresses do not 
appear to be necessary. 

Mr. D. J. McApaa, Jr.>—In regard to 
Mr. Lessells’ statement about chafing 
fatigue, the paper does not intend to 
imply that fatigue failure cannot be in- 
fluenced by the roughening of the sur- 
face or by the concentration of longitu- 
_ dinal stress due to press fits. The paper, 
however, calls attention to the possi- 
bility of failure under radial compression 
combined with a longitudinal stress range 
or even under repeated radial compres- 
sion stress alone. 

“Fretting corrosion” was studied very 


5 Metallurgist, National Bureau of Standards, Wash- 
ngton, D. C. 
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thoroughly by Tomlinson® and by Tom- 
linson, Thorpe, and Gough.’ They 
showed that very slight repeated relative 
motion of two surfaces in contact will 
cause this type of erosion, even when the 
pressure is very slight, as in the mere 
contact of a sphere with a smooth steel 
plate. These investigators attribute the 
resultant erosion to the breaking of 
molecular cohesion. The effect of such 
erosion on the fatigue limit would de- 
pend, not on the pressure between the 
surfaces, but on the amount of roughen- 
ing. 

A, Tomlinson, Rusting of Steel on 
Contact,” Proceedings, Royal Soc. (London), A, Vol. 
115, pp.’ 472-483 (1927) 

7G. A. Tomlinson, P. L. Thorpe and H. J. Gough, 
“An Investigation of the Fretting Corrosion of Closely 
Fitting Surfaces,” Proceedings, Inst. Mechanical Engrs., 


Vol. 141, pp. 223-237 (1939). Discussion, pp. 238-244; 
also Vol. 142, pp. 401-406 (1939). 
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THE ABSOLUTE MEASUREMENT OF THE ENERGY LOSS INA 

- SINGLE STRIP OF SHEET IRON OR STEEL UNDER 

of By W. E. 

n- Consideration of the requirements which must be met if core loss is to be 
measured in absolute terms led to the development of an adequate method = 

a and of apparatus, which, after use over a period of years, has proved to be iy 

ol. accurate, sensitive, yet rugged. Its advantage over the conventional Epstein as 

gh, test is that, besides yielding an absolute measure of core loss, it is non- Ei © 

~d destructive and eliminates the very appreciable effect of cold work because ne “ 

44; no shearing of the sample is required; yet the method can be adapted to a hb 
specimen of any size. This type of tester can thus be used not only for ex 
experimental investi but also as a reliable means of grading cle electrical 


Since the energy loss in sheet steel 
under alternating magnetization is one 
of the factors which limits the efficiency 
of certain électrical machinery, a basic 
requirement for the intelligent design of 
such equipment is a fairly precise 
knowledge of the magnetic quality of the 
steel to be used. Moreover, it is de- 
sirable that the method of measuring 
this loss be accurate, absolute, and non- 
destructive in the sense that it should 
be capable of testing a whole sheet of 
material, but none of the methods 
hitherto available has been satisfactory 
in all these respects. A method which 
meets these exacting requirements has 
been developed and has for some years 
been in successful use in production 
testing as well as in laboratory investi- 
gations. Its essential features have 
been given elsewhere’; the present paper 


1 Research Engineer, Laboratory, United 
States Steel Corp., Kearny, N. 
?W. E. Shenk, U. S. Patent No. 2,176,279, October 17, 


1939 (filed May 12, 1937). . ; 
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contains a more detailed account, in- 
cluding a description of some of the 
special auxiliary instruments which had 
to be developed in order to make the 
method practicable. 

The energy loss may be measured 
under either continuous (slowly vary- 
ing) or alternating magnetization, the 
latter being usual in modern practice. 
The conditions required for a suitable 
measurement, and the types of apparatus 
best fitted for achieving them, are de- 
scribed by Lloyd and Fisher,’ who state: 
“The specimen may be employed in 
three forms. (1) It may be in the form 
of straight strips placed in contact with 
a yoke, thus forming a closed circuit of 
ferromagnetic material. (2) The 
straight strips may be used without any 
yoke. (3) The specimen may be ar- 
ranged to form a closed magnetic circuit 
in itself. |The second form gives a 


3M. G. Lloyd and J. Fisher, “The Testing of 
Transformer Steel,” sin, Nat. Bureau Standards, 


Vol. 5, p. 453 (1908-1909). 
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distribution of flux which is far from 
uniform, and is therefore objectionable. 
The first form gives a more uniform 


- flux, but it is necessary to distinguish 
between the energy supplied to the 
_ specimen and that supplied to the yoke. 
_ This can only be done satisfactorily 


by knowing the constants of the yoke, 


and only then by having the distribution 


of flux uniform, a condition difficult 


to secure. Consequently, for accurate 
measurements the third form is the 
most reliable, although for factory use 
the first or second may prove more con- 
venient where accuracy can be sacrificed 
for other considerations. 

“Assuming then a closed magnetic 


circuit of the material, to be tested by 


the wattmeter method, the following 
conditions should be realized as far 
as possible. 

“1. The flux should be uniformly dis- 
tributed over the cross-section of the 
specimen, and should be the same at 
every section. This requires that there 
should be no leakage of flux through the 
air. 

“2. A definite form of wave of mag- 
netic flux should be used, or in other 
words, a definite form of wave of second- 
ary electromotive force, since the form 
factor of this wave enters into the com- 
putation of maximum flux density from 
the observed effective voltage. 

“3. The material used should be cut 
in a form such that only a small part of 
it is contiguous to a cut edge, since it 
is well known that all methods of cutting 
have a hardening effect upon the mate- 
rial bordering upon the cut. This 
means that the strip, whether straight 
or in ring form, should not be too nar- 
row. This condition may be dispensed 
with if all specimens are annealed under 
definite conditions after cutting to size, 
and priar to testing. 

_ “4, The amount of material required 
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should not be greater than is necessary 
to get a fair average value. 

“5. The corrections to be made to 
the readings of the instruments should 
be small.” 

To these five conditions must be 
added a sixth, namely, that the mag- 
netic measurements should not include 
material near a joint in the specimen. 
The presence of a joint disturbs the 
field in its vicinity and additional loss 
is introduced by eddy currents set up 
in the specimen by the component of 
the leakage flux normal to it. Schnei- 
der has shown that in the Epstein 
apparatus this extra loss may amount 
to several per cent for a sample having 
a core loss of 2 watts per kilogram at a 
flux density of 10,000 gausses. With 
the improved steels now available, for 
which the core loss is only half as great, 
a joint has an even greater effect. 

The earliest recorded attempt to 
devise an apparatus of this sort appears 
to be that of Richter,5 who described a 
method in which a whole sheet is in- 
serted in a toroidal coil, the power 
absorbed being measured by a watt- 
meter connected to the coil. This de- 
sign is excellent magnetically, except 
for the joint formed where the ends of 
the sheet are brought together, but the 
magnetic properties of the material 
are so altered by the stress set up in 
bending the sheet that the results have 
little significance. 

In 1929, Kinsley® designed a tester 
for whole sheets in which the magnetic 
circuit is completed through a laminated 
yoke. This method, though not ab- 
solute, can be calibrated against the 
Epstein test and is then useful in sorting 


4J. Schneider, ““Die Messung der magnetischen Ver- 
luste an Eisenblechenstreifen bei homogener ‘ell 
Archie fiir Elektrotechnik, Vol. 24, a 651 (1930). 

§R. Richter, “ Apparatus for esting the Electromag- 
netic Quality of Large Sheets of Iron,’  rlekérotechniscke 
cee, _ % p. 491 (1902); Vol. 24, p. 341 (1903). 

insley, U. S. Patent No. 2,101,780, December y, 
1937 Tiled 8, 1932). 
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and classifying sheets. Later, Dan- 
natt’ published a description of an 
apparatus for testing a single piece of 
sheet steel 12 in. long and up to 4 in. 
wide; it was not developed for use with 
a larger sample, although there is no 
reason why this cannot be done. The 
method yields an absolute value of the 
core loss characteristic of that portion 
of the sample in which the flux is not 
disturbed by leakage, but the power 
must be calculated from the readings 
of an a-c. potentiometer which is a 
time-consuming procedure. Gunder- 
son® has developed an apparatus, based 
upon a principle substantially identical 
with that used by Kinsley, which in 
several respects resembles Dannatt’s 
apparatus; at least part of the yoke 
loss is included in the wattmeter read- 
ing, however, so that this apparatus must 
be calibrated against some standard 
test. Another single-strip tester, limited 
to the testing of a strip 10 in. long and 


PRINCIPLE OF THE METHOD 


The theory underlying the measure- 
ment of the magnetic properties of a 
portion of a ferromagnetic circuit is 
largely due to Rogowski.” The energy 
loss in an iron core under cyclic mag- 
netization may be regarded as the in- 
tegral of the magnetic potential and 
the flux density taken over a cycle and 
over whatever volume of the core is 
being considered, a definition which is 
perfectly general and is not limited to 
homogeneous magnetization of the core 
and the adjacent air space. Usually, 
however, we deal with the restricted 
case of a uniform field and regard the 
core as uniform in properties, at least 
over the element of volume. In gen- 
eral, however, the core is not uniform 
so that, when we consider it to be so, 
we are in fact considering the average 
energy loss over the volume of core in- 
cluded in the measurement. 


1;%; in. wide, has been devised by @ The energy loss per cycle per unit 


Smith®; this tester measures the yoke 
loss as well as the loss in the specimen 
and must therefore be calibrated against 
some other method of test. Smith 
recommends calibration against the Ep- 
stein test, but in view of the small size 
of the specimen relative to the standard 
Epstein sample (the ratio is about 
1/550) this comparison is extremely 
tedious and the validity of such a cali- 
bration. is open to question. The 
method is, however, useful in determin- 
ing a difference between samples and in 
experimental work, since it is possible 
to measure the same small sample before 
and after a given treatment. 


7 C. Dannatt, § Loss Testing of Magnetic 


terials Utilizing a Strip Specimen,” Journal 
Instruments p. 276 (1933). 

T. Gunderson, No. 2,138,965, Decem- 
ber 6, 1938 (filed Au st 17, 1933). 

Smith Tester for Measuri - Loss of 
Single "Strips,”” Electric Review, Vol. » Pp. 273 


volume in a homogeneous iron core of 
uniform cross-section, in which the 
magnetic field is uniform and parallel 
to the axis of the core, is: 


Energy loss / H dB.. .(1) 
ar 


Power loss = HdB...(2) 
where H = instantaneous magnetizing 
force in oersteds, 
B = instantaneous flux density 
in gausses, and 
f = frequency in cycles per sec- 
ond. 
If the field is produced by a uniformly- 
wound solenoid of infinite length, and 


W. Rogowski, “Die Messung des elektro: etis- 
chen Ene jusses,”” — Stir Elektrotechnik, Vol. 4 
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the portion of the core under consider- 
ation is regarded as part of an infinitely 
long core of uniform cross-section, the 
field H, that is, the magnetic potential 
gradient, is parallel to the axis of core 
and solenoid and has the value 


= turns per centimeter of 
length of the solenoid, 
and 


in the solenoid winding. 
If a uniform secondary coil is wound on 
the portion of the core whose properties 
are being determined, an electromotive 
force e will be set up in it such that 


the secondary winding, 
and 
a = cross-section of the core in 
square centimeters. 
The value of dB derived from Eq. 4 and 
that of H derived from Eq. 3 may then 


be substituted in Eq. 2 to give the power 


Now, if a wattmeter is connected in series 
with the solenoid, so that its current 
coil carries 4 _abamperes, and there is 


its potential coil, this instrument in- 
dicates the time average .ei product, 


that is, the integral in Eq. 5 may be 
evaluated for the circuit in question by 
means of a wattmeter. The core loss 

in absolute units per cubic centimeter 

of iron is then 


cubic centimeter. 


nw 
Core loss= — abwatts* 


magnetizing current flowing _ 


IN SHEET OR 
where W = wattmeter reading in ab- 
watts. 


Converting Eq. 7 to practical units and 
expressing the loss in terms of unit 
weight of iron instead of unit volume, 
we have 


Core loss 
1000nW’ 
te watts per kilogram, or 
ap 
= 
453.6nW’ 
Pay = a watts per pound (7a) 
where Ps/; = core loss in watts per 
pound at maximum 
flux density B and 
frequency f, 
p = density of the iron in 
ae grams per cubic centi- 
meter, and 
as ae W’ = wattmeter reading in 


watts. 
It has been assumed thus far that the 

"loss in the wattmeter potential circuit 
is substantially zero. If this is not the 
case, this additional loss must be sub- 
tracted from the reading of the instru- 
ment to get W’, but as is shown later, 
this loss may be automatically excluded 
from the wattmeter reading. 

It is thus demonstrated that a watt- 
meter can be used to evaluate the power 
integral Eq. 2, providing Eqs. 3 and 4 
are satisfied, the more significant being 
Eq. 3 which holds only for a perfectly 
uniform field such as that inside an 
infinite solenoid. It is not necessary, 
however, to have an infinite solenoid to 
produce such a field, for a short solenoid 
suffices if there is compensation for the 
radial component of the field at its ends. 
The criterion for the exact amount of 
this end compensation is provided by 
Eq. 3. Thus, it is necessary only to 


* The abwatt is the absolute unit of power and is 
to 10° watts; an abampere is 10 amp., and an abvolt is 
1078 volts. 
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measure H and i in some manner and 
adjust the end compensation until 
Eq. 3 is satisfied. This end com- 
pensation can be achieved in principle 
by adding an infinitely-long, uniformly- 
wound solenoid to each end and con- 
necting these in series with each other 
and with the short solenoid and extend- 
ing the core to infinity, thus fulfilling 
the criterion by definition. The other 
alternative is to energize these infinite 
end coils from a separate source, and to 
adjust the current until Eq. 3 is satisfied 
for the main coil. Obviously, if con- 
ditions required by Eq. 3 can be satis- 
fied by coils and cores added to the 
ends of the short solenoid, it is un- 


Fic. 1.—Schematic Diagram to Show Relative 
Positions of etizing Winding M, B Wind- 
ing, H Coils, and Specimen S. 


necessary to extend the added ends to 
infinity; an iron yoke of any convenient 
size may be used to complete the mag- 
netic circuit and the end magnetization 
or compensation can then be supplied 
from windings on this yoke. 

Some means of measuring H in terms 
of i is required to carry out this com- 
pensation. The most direct way of 


determining H is to measure the axial 
component of the air field within the 
magnetizing coil near the core by means 
of a small flat exploring coil with merely 
an air core; this coil is wound on a card 
of insulating material and its turn-area 
The ratio of H 


is accurately known. 


to i, which is more significant than the 
actual value of H, may be measured 
with the aid of an air-core mutual in- 
ductance whose primary is connected 
in series with the magnetizing winding 
and whose secondary is connected 
in series opposition to the H coil. An 
alternating current galvanometer in the 
secondary circuit enables the output of 
the H coil to be compared with that of 
the mutual inductance, and the yoke 
magnetization may then be adjusted 
until the desired ratio of H to i is ob- 
tained. The mutual inductance is ad- 
justed to have the value 


4 


where A = cross-section area of the 
H coil in square centi- 
meéters, and 

Ny = total number of turns in 

the H coil. 

The ratio of H to i is then correct when 

the galvanometer indicates zero, thus 

indicating the correct value for the yoke 

magnetization. 

If the H coil is placed next to the iron 
core (specimen) as shown schematically 
in Fig. 1, and the secondary which is 
used for the potential circuit of the watt- 
meter is wound around the H coil as 
well as the iron, the correct ratio of H 
to i is established inside of the potential 
secondary or B coil. Consequently, 
the losses in the potential circuit of the 
wattmeter are not included in the power 
loss reading, since the conditions re- 
quired by the theory are established at 
the iron. It follows that any other load 
connected to this secondary, or to any 
similar secondary, will not affect the 
wattmeter indication so that another 
instrument such as a voltmeter may also 
be connected to the B coil. 

The energy loss in this iron must be 
measured at a known maximum flux 
density Bux. if it is to conform to 
accepted practice. The flux density 
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Bass, may be determined from the 
“Reading of a voltmeter connected to the 
=&B coil; preferably this should be an 
average voltmeter, that is, an ordinary 
d-c. voltmeter or potentiometer con- 
nected to a precision mechanical rectifier. 
_ Such an average voltmeter indicates the 
average electromotive force per half 


Besides making core loss measurements, 
this method can be used to obtain the 
magnetization curve and permeability 
under alternating magnetization as will 
be described in a future paper. 

This is the complete theory of the 
single strip tester. The actual appa- 
ratus incorporates certain refinements 


Yoke 


a-c. Voltmeter 
Wattmeter Rectifier 
Auto 

Transformer 

Shifters 


cycle induced in the B coil; this emf. is 
uniquely related to the maximum flux 


linking the coil, that is, it is independent — 
of the wave form of the time variation of 


=~ be! the flux. This relation between the 
average voltage per half cycle and 

maximum flux density Byax. is 


X volts . . .(9) 


Three Phase 
a-c. Power Supply 


Fic. 2.—Simplified Circuit Diagram Showing Essential Elements of Apparatus; Magnetizing 
Circuit Indicated by Heavy Line. 


which will be discussed in the detailed 
description of the apparatus. 


APPARATUS 


The theory leads to an apparatus 
whose essentials are shown by the sim- 
plified diagram in Fig. 2. The watt- 
meter is connected to the magnetizing 
winding that acts directly upon the 
specimen and to the secondary that is 
wound around the specimen. A volt- 
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mater “eo commutator are connected 
together and to the secondary so that 
the maximum flux in the specimen can 
be measured correctly regardless of the 
time-wave form of the flux. The mu- 
tual inductance for the measurement of 
the ratio of H to i is shown with its 
primary connected in series with the 
main magnetizing coil and its secondary 
connected in series opposition to the H 
coil. The correct ratio of H to i is 
established by adjusting the current 
supplied to the yoke magnetizing coils, 
in phase as well as in amplitude, until 
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This type of tester has been built and 
operated in four different sizes, the 
maximum width of specimen being 3, 9, 
27 and 36 in., respectively. The smallest 
is convenient for laboratory work, where- 
as the largest is designed for production 
testing of whole sheets. All sizes are, 
however, used in production testing of 
steel produced as a continuous strip. 

In order to satisfy the requirements 
discussed earlier, the apparatus must 
comprise a uniformly-wound magnetiz- 
ing coil, a secondary, a yoke with wind- 
ings upon it, an H coil whose constants 


Fic. 3.—Standard Solenoid (7 ft. Long Over-All, 14 in. Minimum Diameter) to Set up a Uniform, 
Absolute Magnetic Field. 


the a-c. galvanometer (dynamometer) 
connected in this circuit does not deflect. 
In thus arriving at the correct loss in the 
specimen to be tested, no other type of 
magnetic test has been used; the energy 
loss in the specimen is determined en- 
tirely from the coil constants of the 
apparatus and the wattmeter reading, 
so that this method yields an absolute 
result. The apparatus resembles super- 
ficially that of Kinsley, Gunderson,* or 
of Smith,® but differs significantly from 
these in that the method is absolute; 
it requires no calibration, being inde- 
pendent of the properties of the specimen 
being tested and of the iron in the yoke, 
and depends only upon the indication 
of standardized instruments. 


are known, a wattmeter for the power 
measurement, a voltmeter to be used in 
determining the magnetic flux, and 
certain auxiliary apparatus which is 
described later. The main magnetizing 
coil must be very uniformly wound and 
its length must be accurately known in 
order that the core loss may be deter- 
mined from the instrument readings. 
The number of turns in the secondary 
coil must be accurately known but the 
coil dimensions are not significant so 
long as they remain fixed. The H coil 
must be permanent in dimensions and 
must have a sufficient turn-area to en- 
able the air field to be measured to the 
required accuracy. The yoke need only 
be of large cross-section relative to the 
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cross-section of the largest specimen to 
be tested and must be made of good 
_ ferromagnetic material; the only require- 
- ment is that the flux density correspond- 
ing to the maximum permeability of the 
; yoke iron shall not be exceeded at the 
highest flux required for the largest 
_ specimen to be tested. 


_ Apparatus for Measuring Ratio of H toi: 


_ As it is inaccurate as well as incon- 

venient to measure the H coil voltage 
and the magnetizing current in order to 
determine whether the proper voltage- 
current ratio for a perfectly uniform 
- field within the magnetizing coil has been 
established, an air-core mutual induct- 
ance is used as an aid to the accurate 
determination of this ratio. An air-core 
mutual inductance has a fixed ratio of 
secondary voltage to primary current 
determined by the constants of the 
inductance, hence, such a mutual in- 
ductance with the proper constants 
provides a criterion of the voltage- 
current ratio that must be maintained 
between the H coil voltage and the 
magnetizing current to insure a per- 
fectly uniform field. The proper 
- voltage-current ratio could be calculated 
_ from the turn area of the H coil and the 
turns per unit of length in the magnetiz- 
ing coil, and the air-core mutual in- 
ee wee then be constructed to 


cannot be calculated and 
- must therefore be determined by meas- 
urement of the voltage induced in the 
x coil when it is placed in a perfectly 
- uniform alternating magnetic field. It 
is necessary therefore to construct a 
solenoid large enough to produce a 
perfectly uniform magnetic field over a 
- volume sufficient to permit the H coils 
in the largest tester to be placed entirely 

within the region of uniformity. Such a 


solenoid, shown in Fig. 3, follows the 
design of Bestelmeyer" but is more than 
twice as large; in fact, the calibration of 
the H coils for the largest tester required 
the construction of a solenoid capable of 
producing a uniform magnetic field of 
larger volume than any other of which 
we are aware. The coil consists of three 
sections; a main section about 5 ft. in 
length and 16 in. in diameter, and two 
end sections each about 1 ft. in length 
and 14 in. in diameter. The cylinders 
upon which these coils are wound are 
threaded with a round bottom groove of 
exactly seven turns per inch and the 
single layer of No. 8 double-cotton cov- 
ered magnet wire is wound in this helical 
groove. This method of winding assures 
uniform turn spacing over the whole 
length of each of the three coils. From 
the dimensions, the turns per unit of 
length of each of the three coils, and the 
position of the auxiliary coils relative to 
the main coil, the field along the axis of 
the solenoid can be calculated by well- 
known methods. The end coils can be 
adjusted relative to the main coil to 
produce the optimum conditions as to 
uniformity of the magnetic fields along 
the coilaxis. Asa result of the accuracy 
with which all dimensions are known, the 
field at the mid-axis of the main coil is 
kndwn to be within 0.01 per cent of the 
value it would have in an endless 
solenoid. By actual measurement the 
field is uniform within less than 0.05 
per cent with respect to the value of the 
center at all points within the middle 
2 ft. of the main coil; the departure from 
uniformity is about 0.02 per cent over 
the volume actually used in the calibra- 
tion of the H coils. 

Each H coil, which consists of a single 
layer winding of fine copper magnet wire 
wound on a flat card of Bakelite, was 


A. Bestelmeyer, “Berechn Herstellung und 
Messung eines homogen Magnetf des, ” Physikalische 
Zeitschrift, Vol. 12, p. 1107 (1911). 1 
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cemented with Bakelite varnish and liner, as shown in Fig. 4 for one of the 
baked between clamps for 24 hr. at 3-in. testers; they were then covered 
250 F., a procedure which insures that with two layers of thin cotton cloth, 
the turn area of the coil will remain varnished with Bakelite, covered with 
sufficiently constant. In each single two thin sheets of copper (one on each 


Ww 


(c) B coil wound over H coil assembly (0). 
le . Fic. 4.—Steps in the Assembly of the B and H Coils of the 3-in. Single Strip Tester. 


re strip tester several of these H coils are side of the flat coil) to shield against 
as used rather than a single large coil capacity coupling; then with more cloth 
because the turn area of a large thin flat and varnish and finally the secondary or 
nd coil would not be constant. The H coils 8B coil was wound directly over the H 

were assembled on the thin Bakelite coil. The final assembly, shown in Fig. 
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4 was baked at 250 F., after which it 
became essentially a solid and very 
rigid tube of Bakelite and cloth with 
copper windings in the walls. 

The 3 and 9-in. tester coils were com- 
plgtely assembled in this manner before 
calibration of the H coils in the standard 
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bration of the H coils in the standard 
field was made. As a first step, the H 
coil assembly was placed in the standard 
field in an axial position, the standard 
solenoid being energized with about 10 
amp. of 60-cycle alternating current, 


and the induced voltage in the H coils 


| Yoke  300~|__ 28 
Magnetizing Corl as 
8B Coil - ~ 
all Yoke Coil : 
=3 


field was attempted. In the case of the 
27 and 36-in. tester only the H coils were 
assembled on a card of Bakelite 12 in. 
wide by 28 in. long for calibration, since 
the full coil assembly was too large for 
insertion in the standard field. After 
_ the assemblies of the coils had been 


3 2 
Motor 500~ 180~ 60~  60~SineWave 
Three Phase Three Phase Three Phase Single Phase 


Fic. 5.—Complete Circuit Diagram; Magnetizing Circuit Indicated by Heavy Line. se 


was measured. From the data obtained 
in this measurement the proper dimen- 
sions for the air-cored mutual inductance 
required for the accurate measurement 
of the voltage-current ratio mentioned 
previously could be calculated. The 
mutual inductance, so constructed that 
a final fine adjustment in its constants of 
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1 per cent could be made, was made 
in accordance with these calculations 
and was adjusted to within 1 per cent 
of the desired value. For the final 
adjustment this mutual inductance must 
be compared with the H coils which were 
placed in the standard solenoid; to this 
end the primary of the mutual induct- 
ance and the standard solenoid are 
temporarily connected in series sothat 
the same current flows through each. 
The secondary voltage of the mutual 
inductance is compared with that of the 
H coils by means of a Maxwell bridge 
circuit and the final adjustment of the 
inductance is made to the limiting 
accuracy of the bridge used, about 0.02 
per cent. With the completion of this 
adjustment the complete tester is cali- 
brated absolutely in terms of the 
dimensions and turns per unit length of 
the standard solenoid and of the turns 
per unit length of the magnetizing coil 
of the tester. 


Elimination of Electromotive Force In- 
duced by Air Flux: 


There remains one small correction 
to be applied to the tester to eliminate 
the emf. induced in the B coil by the 
alternating air flux that links it. This 
emf. adds to that due to the ferric in- 
duction and introduces an error which 
can be eliminated by means of an air- 
core mutual inductance which compen- 
sates for the undesired emf. as in the 
case of the measurement of H. This 
provides the proper correction because 
the air field linking the B coil is numer- 
ically equal to H and in fact is the same 
field that is measured to determine H. 
The proper value for the mutual in- 
ductance can be determined with the 
aid of the standard solenoid used in 
adjusting the mutual inductance for the 
H coils, the procedure being exactly the 
same as in the case of the H coils. The 
secondary coil assembly of the tester 
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is placed in the standard field, the 
induced voltage in it is measured for a 
particular value of the field, and the 
proper size of the mutual inductance is 
then calculated from these data. As in 
the case of the H coils the final adjust- 
ment of the mutual inductance is made 
by comparison of the mutual inductance 
with the B coil. 


Arrangement of Circuit: 


In Fig. 5 the schematic circuit arrange- 
ment of the original strip tester is 
shown and the tester itself is shown in 
Fig. 6. The present testers differ from 
this only in minor details. (The 36-in. 
tester is shown in Fig. 7.) |The mag- 
netizing coil is shown extending between 
the ends of yoke and the secondary 
windings are shown inside of the mag- 
netizing coil. There are four main 
circuits which must be considered, 
namely, the primary or magnetizing 
circuit, the secondary or B circuit, the 
H-measuring circuit, and the yoke- 
magnetizing circuit. The magnetizing 
circuit is shown supplied from a 60-cycle 
alternating-current generator No. 1 (Fig. 
5) through the auto-transformer. This 
circuit consists of the primary of the 
two mutual inductances connected in 
series with the magnetizing coil and the 
current coil of the wattmeter. The 


secondary, or B circuit, consists of the 


B coil and the secondary of one of the 
mutual inductances connected to the 
potential coil of the wattmeter, a 
commutator, and two voltmeters. The 


H measuring circuit consists of the H 


coils connected in series opposition to — 
the secondary of the other mutual in- 
ductance and to one element of an — 
a-c. galvanometer or dynamometer. 
This instrument is used to detect the — 
presence of any current flowing in the 
H circuit. 


magnetizing circuit, consists of coils 


The fourth circuit, the yoke _ 4 
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and Fic. 6.—Original Single Strip Tester, Showing Double Yoke Initially Used, and Pairs of Yoke 
Magnetizing Coils. 
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on the yoke which are supplied from 
alternating-current generators No. 2, 3, 
and 4 through phase-shifting transform- 
ers and rheostats so that the yoke 
magnetization may be adjusted in both 
phase and magnitude. 


Measurement: 


Before proceeding to a discussion of 
the actual measurement of core loss, 
certain precautions that must be taken 
in the circuits for measuring H and B 
must be considered. Due to the high 
sensitivity required in the measurement 
of H, it is important to eliminate all 
electrical leakage into the circuit which 
includes the H coils, the secondary of 
the air-core mutual inductance that is 
used as a criterion of the correct ratio of 
H to i, and the null dynamometer mov- 
ing coils. By carefully insulating and 
twisting all connections in this circuit, 
conductive and inductive leaks, respec- 
tively, are readily eliminated, but this 
is not sufficient. Due to the minute 
emf. developed in the H coils, the small 
displacement currents flowing through 
capacities between the leads and coils 
on the one hand and external circuits on 
the other hand, which in most cases 
would be unimportant, can seriously 
affect the deflection of the null dyna- 
mometer. An effective way of reducing 
this capacity current is to enclose the 
twisted leads of this circuit in a grounded 
metallic sheath, shield between the B 
and H coils as mentioned previously, 
shield between the moving coils of the 
dynamometer and the field coils, and 
ground these shields, the yoke, and the 
side of the magnetizing circuit con- 
nected to the current coil of the watt- 
meter all to the same ground connection. 
It is only slightly less important to elim- 
inate similar electrical leaks from the 
potential circuit of the wattmeter, which 
can be accomplished in a similar man- 
ner. It would be expected that these 
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leaks would be especially important in 
the smallest tester (3 in.), but as shown 
by suitable crucial tests their complete 
elimination demonstrated the full effec- 
tiveness of these precautions. 

In measuring the core loss in the 
specimen, the cross-sectional area of the 
specimen is measured before starting 
the test and the proper B-coil voltage 
for the desired maximum flux density 
(usually Bmax. = 10,000 gausses) 
calculated for this cross-section. This 


calculation is made according to the 
formula 

Vavg. = (4fNaBmex.) X 10-* 

where Vayg. = average voltage per half 
cycle, 

Bmax. = flux density in gausses in 

the specimen, 

N = number of turns in B 

coil, 

a = cross-section area of the 
Specimen in square 
avg centimeters, and 

f = frequency in cycles per 


second. 

The specimen is now inserted in the 
tester and the magnetizing current ad- 
justed until the d-c. voltmeter indicates 
the calculated value of Vavg. when the 
flux density desired is attained in the 
specimen. It will be noted that the 
alternating current galvanometer is de- 
flected indicating that the desired uni- 
form field conditions are not present in 
the magnetizing coil. The next step is 
to energize the yoke windings from gen- 
erator No. 2 which supplies 60-cycle 
alternating current and so adjust this 
current in magnitude and phase that the 
galvanometer deflection becomes zero. 
The wattmeter will then indicate. the 
correct value of the core loss because the 
yoke magnetization has now been ad- 
justed so that the perfectly uniform field 
conditions of an infinite solenoid have 
been established. The power loss in 
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pi: sf the potential circuits of the wattmeter 
ai + 4 and voltmeter does not appear in the 


for a perfect sine wave. 


circuit. 


wattmeter reading because the H coil is 
within the B secondary. 

There is one more aspect of this test 
that must be considered. At the be- 
ginning of this paper certain conditions 
for an ideal magnetic test under alter- 
nating magnetization were stated, one 
of which was that the wave form of the 
alternating magnetic flux be sinusoidal 
or that the wave form should be meas- 
ured. It is very important to know the 
wave form exactly because core loss is a 
function of wave form. The wave form 


_ of the secondary voltage of the tester 
can be determined from the readings 
_ of two voltmeters, one of which is an 


ordinary alternating current instrument 
which measures the a-c. or effective 
value of the voltage; the other is a direct- 
current voltmeter which is connected to 
a mechanical rectifier and measures the 


a average value of the rectified secondary 


voltage. The ratio of the effective 
voltage to the average voltage is called 
the form factor and has the value 1.11 
If during the 
test the ratio of these two voltmeter 


_ readings differs by more than 1 or 2 per 
cent from the sine wave value it is 


necessary to apply additional mag- 
netization of odd multiples of the fre- 
quency of the testing supply, either to 
the yoke or to the main magnetizing 
In Fig. 5 the additional third 
harmonic magnetization is applied to 
the yoke by means of separate windings 
on it from generator No. 3 and provision 
is also made to supply the next higher 
odd harmonic magnetization through 
other yoke.coils from generator No. 4. 
In our final apparatus we have incor- 
porated only the third harmonic correc- 
tion and it has been found better, 
especially in the large testers, to apply 
this additional harmonic magnetization 
in the magnetizing circuit, but the prin- 
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ciple of wave form correction is the same 
in either case. We can use the dyna- 
mometer used in determining when the 
H difference becomes zero to measure 
the amount of third harmonic voltage 
across the terminals of the B coil. A 
dynamometer has the useful property of 
measuring only current of the same fre- 
quency as is used to excite its field coils, 
hence, if the field coils of the dyna- 
mometer are energized with third 
harmonic current (180 cycles) the in- 
strument ignores the fundamental (60 
cycle) component of the B-coil voltage 
and measures the harmonic component. 
The extra magnetization of 180-cycle 
frequency applied to the tester is then 
adjusted both in phase and amplitude 
until the dynamometer deflection is 
reduced to zero. 

By this means, the 180-cycle compo- 
nent is eliminated from the wave form of 
the flux in the specimen and since this 
harmonic is the principal distortion 
introduced in this type of a test, the flux 
wave form is then essentially sinusoidal. 
The ratio of the voltmeter readings 
indicates whether the form factor is now 
close enough to the sinusoidal value for 
our purposes. If this is the case and the 
flux density in the specimen and the yoke 
magnetization are correct, the watt- 
meter will indicate the true core loss in 
the specimen under the specified condi- 
tions. If, however, the form factor is 
still more than 2 per cent from the value 
1.11, a correction must be made in the 
core loss value; for example, in accord- 
ance with the method outlined in the 
paper by Smith and Concordia.” 


W attmeter and a-c. Galvanometer: 


The power to be measured in the 3-in. 
tester is of the order of 0.04 watt for 


12 B. M. Smith and C. Concordia, ‘‘Core Loss Measure- 
ments at High Flux Densities,”’ Transactions, Am. Inst. 
Electrical Engrs. (1931). 


| 
testir 
densi 
over- 
urem 
watt- 
0.04 
watt. 
resist 
af 
= 
an 
| 
extre 
the | 
circu 
requ 
| 
watt 
men 
men 
nece 


testing at 10,000 gausses maximum flux 
density and, since it is desired that the 
over-all accuracy of the core loss meas- 
urement be within + 1 per cent, the 
watt-meter must be capable of measuring 
0.04 watt to better than 0.4 of a milli- 
watt. Furthermore, the current coil 
resistance in this instrument must be 


extremely low (not over 0.01 ohm) and 
the power consumption in the potential 
circuit should be held to a small part of 
the total power being measured. These 
requirements make it necessary to resort 
to a suspended moving coil type of 
wattmeter, but at the time this develop- 
ment was started, no suitable instru- 
ment was available, hence, it was 
necessary to design and build one. One 
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Fic. 8.—High-Sensitivity Wattmeter (Dynamometer). mi 


of the most difficult problems in con- 
nection with this instrument was to find 
a suitable material for the suspension, 
which must have a low enough torque 
so that unnecessarily heavy moving 
coils do not have to be used and at the 
same time must have an elastic after- 
effect as nearly zero as possible. We 


were able to find only two materials 
that satisfied this specification: namely, 
fused quartz and tungsten. Since the 
suspension forms one of the connections 
to the moving coils and must therefore 
be a conductor of electricity, fused quartz 
is eliminated."* Tungsten, which is only 


13 Metallized fused quartz filaments are not satisfactory 
because of the short lite of the conducting metal film. 
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slightly inferior to fused quartz in 
: ie elastic after-effect and is a sufficiently 


_ good conductor of electricity, is there- 

_ fore about the only material satisfactory 

_ for this purpose. 

The instrument was designed to be as 
i 2 nearly astatic as possible so that the 
presence in its vicinity of an alternating 


upon its accuracy. A micrometer for 
J a adjusting the zero of the instrument was 
. _ built into the top of the support for the 
_ Suspension so that the moving coil could 
be adjusted to zero position on the scale 
without opening the case. The com- 
pleted instrument, built for us by the 
Weston Electrical Instrument Co. after 
more than a year of investigation in our 
Laboratory followed by 2 yr. develop- 
ment on their part, is shown in Fig. 8. 
_ All the material that went into this 
_ instrument was carefully selected so as 
to be free from magnetic contamination 
and the final assembly was made in a 
dust-free, air-conditioned room to fur- 
_ ther insure against the presence of such 
contamination, particularly in the mov- 

ing coils. 

Figure 8 shows the instrument with 
the front cover removed to expose the 
moving coils. Two of the four current 
coils or field coils, which are removable, 
have been taken out and are lying at the 

base of the instrument. Three sets of 
these current coils are supplied with 
each instrument to give three different 
current ranges: namely, } amp., 5 amp., 
and 25 amp. This flexible combination 
makes it possible to obtain a full scale 
deflection over the million fold range 1 
milliwatt to 1 kw. 

The a-c. galvanometer in the tester 
is exactly like the wattmeter in appear- 
ance and differs in design only in minor 
details, but it presented a much more 
difficult problem to the instrument 

maker. This instrument must have a 
current sensitivity comparable to the 
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best d-c. laboratory galvanometer, and 
yet must be to a very high degree insen- 
sitive to disturbing fields and mechan- 
ical vibration; moreover, the deflection 
and the zero position must be stable to a 
much higher degree than is actually 
attained in most d-c. galvanometers of 
comparable sensitivity. The sensitivity 
of this instrument is 4 X 10-” amp. per 
mm. with the scale at 1 meter distance 
and since the field coil current is 0.1 
amp. the corresponding current sensi- 
tivity is 4 X 10-* amp. per mm. 


The Volimeters: 


The voltmeters were not nearly so 
difficult to obtain as the dynamometers. 
They are of standard design, but, since 
the power consumed by them must be a 
small fraction of the total power being 
measured, they had to be especially 
built to suit the tester; furthermore, the 
range of specimen size and flux density 
to be covered by each tester necessitated 
about twenty different ranges on the 
instrument. This could not be ob- 
tained in one instrument except by the 
use of external multipliers so the multi- 
pliers and the range switch had to be 
mounted separately. The Weston Elec- 
trical Instrument Co. was most helpful 
in solving this problem. 


The Commutator: 


Since the only completely satisfac- 
tory way to measure the maximum flux 
density in an alternating field is by recti- 
fying the voltage in a coil linking the 
field and measuring the d. c. or average 
value of this rectified voltage, some sort 
of rectifier must be employed. It was 
very soon decided that vacuum tube 
and other electronic rectifying devices 
were unsuitable, since Dannatt and 
Holt“ have shown that at voltages 


4 C. Dannatt and N. Holt, “A Precision Average Volt- 
meter for Power Frequencies,’ World Power, Vol. 7, 
p. 241 (1927). 
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below 100 volts the error introduced is 
too great. At 20 volts (the highest 
reached in any of the testers) the error 
is nearly 7 per cent for even the best of 
these devices. This indicated the desir- 
ability of using a mechanical com- 
mutator of the type described by Dan- 
natt and Holt, but the construction of a 
suitable one was no simple task. The 
basic difficulty is to get the brushes to 
stay on the commutator. After making 
repeated changes in the design of the 
brush holder we were almost convinced 
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against the holder to nearly zero so there 
is practically no friction between the 
brush and holder. The reaction type 
brush holders used for the rotor brushes 
are shown in Fig. 9. 

With this problem solved, the design 
was modified to incorporate other im- 
provements which seemed desirable in 
the light of accumulated experience; the 
final model, of which four were built 
to our design by the Automatic Tempera- 
ture Control Co. of Philadelphia is shown 
in Fig. 9. Its main characteristics are 


Fic. 9.—Precision Commutator (Rectifier). 


that all brushes jump and stick. The 
difficulty was finally overcome, however, 
by the use of the Baylis reaction brush 
holder,* which is just a plane surface 
inclined at an angle of about 60 deg. to 
the commutator in its plane of rotation. 
The brush is cut in-a special shape and 
held against the holder and the com- 
mutator by spring pressure. The fric- 
tion between the brush and the rotating 
commutator reduces the brush pressure 


1% The Baylis brush holder is manufactured by the 
Baylis Co., Bloomfield, N. J. 


rigidity, accurate alignment of com- 
mutator and brush rigging, perfect 
balance of rotating parts, and a suitable 
means to rotate the brush rigging so that 
rectification will occur at the zero of the 
alternating voltage. An indication that 
proper rectification is <.chieved is pro- 
vided by an oscillograph permanently 
connected in the circuit. 

The thermal electromotive force set 
up at the brushes is negligible so that an 
emf. of as low as 10 mv. can be rectified 
with an error of less than 0.1 per | - 
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in fact, this commutator has been used 
in connection with a galvanometer and 
type K potentiometer for measuring 
a-c. voltages as low as this with the 
accuracy limited by the potentiometer 
and not the commutator. 


ABSOLUTE ACCURACY OF THE APPARATUS 


The accuracy of any method of mag- 
netic testing depends in principle upon 
(a) the degree of uniformity of the field 
in the specimen, (0) the accuracy of 
pS _ measurement of the properties desired 

in that portion of the specimen in which 
the greatest uniformity is attained. On 
this basis it is believed that the present 


i field in some of the preliminary models 
demonstrated that at all flux densities, 


the field was uniform within + 0.03 per 


cent; in later models, the uniformity has 


standard Epstein test using butt joints, 
for which a deviation of about 12 per cent 
at Bmax. = 10,000 has been observed. 
Fortunately in this test the percentage 
error in core loss is not so great as would 
be expected from the variation in the 
field, else the standard Epstein test 
_ would be seriously in error by an amount 
depending upon the magnetic quality 
t of the sample. This is in part due to 
other errors in the Epstein test which, 
-) under certain circumstances, tend to 
compensate partially for the nonuniform 
distribution of flux. 

Condition (6) above is essentially a 
consideration of the instrumental errors 
_ involved in the measurement. In the 
_ present method the instruments whose 

- accuracy influences the result are: 
1. An instrument for measuring volt- 
age. For laboratory work this is pref- 
_ erably a potentiometer of the Leeds and 
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Northrup K2 type; for production 
testing a calibrated voltmeter is used. 

2. A wattmeter. 

3. A reflecting dynamometer of high 
sensitivity and high stability as regards 
the mechanical zero. 

Since the flux density in the sample is 
adjusted to be correct with the aid of the 
voltmeter or potentiometer and since 
the core loss is in error by nearly twice 
the error i setting the flux density, the 
instrumental error introduced in the 
absolute accuracy of the method by 
these instruments is about twice the 
absolute error of the instrument. The 
voltmeters used in production testing 
are accurate to } per cent, hence, the 
error introduced is about } per cent. 
The accuracy of the voltage measured 
by a potentiometer can be made so great 
that its error is entirely negligible com- 
pared to other errors. On the other 
hand, there may be an uncertainty as 
great as + 0.10 per cent in the resistance 
of the circuits in which the potentiometer 
is used, hence, the over-all error in the 
voltage measurement may be as great 
as + 0.10 per cent. 

The wattmeter used is accurate to 
within 0.1 per cent. Adding this pos- 
sible error to that in the voltage measure- 
ment, it would appear that instrumental 
error in measurement of voltage and 
power should not exceed 0.6 per cent 
when a good voltmeter is used or about 
0.2 per cent when a potentiometer is 
used, 

The dynamometer, which is used as a 
null instrument, must have a sensitivity 
high enough so that Eq. 3 can be 
satisfied to the desired accuracy by 
adjusting the auxiliary yoke magnetiza- 
tion. This sensitivity has been increased 
as much as seems feasible, being in fact 
now as great as that of the better d-c. 
galvanometers. If the error due to 


adjustment of the yoke magnetization 
is to be kept under + 1 per cent, the 
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deflection of this instrument must not 
exceed + 1 mm. Since the deflection 
can be kept under 0.4 mm. the total 
instrumental error can be kept to 1 per 
cent when a voltmeter is used and can 
be much less than this when a potenti- 
ometer is used. 

The only remaining factors influencing 
the inherent accuracy are the coil con- 
stants and the cross-section area of the 
specimen. These coil constants are 
known with a very high degree of ac- 
curacy by absolute measurements. The 
coil constants involved can best be 
appreciated from an inspection of Eqs. 
7a and 9 upon which the calculation of 
the core loss from the instrument read- 
ings is based. 

The number of turns per centimeter 
in the magnetizing winding, », is known 
to about + 0.05 per cent. The total 
number of turns in the B secondary, N, 
is known exactly by the use of a mechan- 
ical counter which reads to yg of a revo- 
lution and since all turns must be 
completed there can be no error in the 
turn count. The cross-section, a, may 
be calculated from the observed weight 
and length of the sample by means of 


where w = weight in grams, 


l = length in centimeters, and 

p = density of the sample. 
The cross-section, a, can be determined 
to 0.1 per cent by this method if the 
quantities involved are measured care- 
fully. If this is not done an appreciable 
error can arise from this cause. If the 
A.S.TM. Standard Methods of Test 
for Magnetic Properties of Iron and 
Steel (A 34-41)" is adhered to in 
regard to the value of p, which is taken 


1941 to Book of A.S.T.M. Standards, 
Part I, p.1 
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as 7.5 for silicon steels containing more 
than 2 per cent silicon and 7.7 for lower 
silicon content, an appreciable absolute 
error may result. (The cross-section 
area can also be determined from width 
and thickness measurements and this 
method is usually employed where long 
strips of steel are to be tested.) Bmax. is 
determined by E,yg. which has already 
been considered as an instrumental 
error. 

The constants of the coils which are 
used in connection with the null dyna- 
mometer in determining when the con- 
dition of Eq. 3 is satisfied, are calibrated 
by an absolute method against a stand- 
ard absolute field. The calibration can 
be made to + 0.02 per cent and the 
standard field is known by calculation 
from the very accurately fixed dimen- 
sions, as well as by actual measurements 
to better than + 0.01 per cent. 

All of the factors involved show that 
the inherent absolute accuracy of core 
loss measurements made by the single 
strip method is within + 1 per cent even 
in the case of the mill testers with their 
relatively less accurate voltmeter. 

In order to attain this accuracy all 
instrument circuit resistance must be 
kept within the required limits, the 
voltmeter calibration must be checked 
periodically, the wattmeter must be 
calibrated for full deflection daily, the 
precision commutator used with the 
voltmeter must be kept clean in order 
to maintain the voltmeter circuit re- 
sistance (an oscillograph is connected 
to this commutator at all times and the 
slightest faulty contact will show up at 
once), and the weight, and length, and 
density of the sample must be carefully 
determined. 


PRECISION OF MEASUREMENTS © ge 


The precision or reproducibility of 


the method is influenced by two factors; 
the skill of the observer and the pres- 
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ence of electrical, mechanical, or mag- 
netic disturbances. The majority of 
personal errors arise from poor lighting, 
some distracting influence, or poor 
judgment, but these may be kept to a 


minimum after some experience. Even 
an experienced observer, however, oc- 
casionally makes an error in reading an 
instrument. 

The electrical disturbance most likely 
to be troublesome is a fluctuation in the 
voltage or frequency of the power sup- 
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Fic. 10.—Frequency Curve of Measurements 
with 3-in. Single Strip Tester on 40-g. Specimens 
at Bmax. = 10,000 gausses and 60 cycles per 
second. 


Curve A.—Mill data, 151 tests on 11 specimens ranging 
in core loss from 0.38 to 1.10 watts per pound. 
Curve B.—Laboratory data, 60 tests on 10 specimens 


with core loss of approximately 0.45 watt per pound. 


ply. Some difficulty has also arisen 
from the leakage of current into the null 
dynamometer circuit. 

Mechanical disturbance which results 
chiefly from heavy vibration of the 
building may influence both the suspen- 
sion type wattmeter and the null dyna- 
mometer. Except for an _ occasional 
very severe shock which shifts the zero 
of the instruments appreciably, vibra- 
tion has been virtually eliminated by 
the use of a suitable mounting. The 
difficulty may also be overcome by 


increasing the ratio of deflection to dis- 
turbance by about fifty times by 
inserting a suitable amplifier in the null 
dynamometer circuit. 

Strong alternating magnetic fields of 
60-cycle frequency must be avoided in 
close proximity to the sensitive measur- 
ing instruments or the tester coils since 
the total power being measured is often 
only 0.01 watt so that if an accuracy of 
1 per cent is to be obtained, the power 
must be measured to closer than 0.0001 
watt, that is, to one tenth of a milliwatt. 

Constant magnetic fields or fields 
varying at any rate other than 60 cycles 
per second, cannot exert any influence 
on the measurements unless, of course, 
they act upon the specimen directly to 
produce an additional magnetization 
superimposed on the sixty cycle mag- 
netization. This condition cannot arise, 
however, if the source of all magnetic 
fields is kept at least 10 ft. away from 
the tester coils. So far as the instru- 
ments are concerned they are unaffected 
by such fields unless they become badly 
contaminated with magnetic material. 
All necessary precautions were taken to 
prevent this during the building of the 
instruments and with reasonable care 
in use they should remain free of mag- 
netic contamination. 

The precision of this method is illus- 
trated by the frequency curves of Fig. 
10 which show that the precision ob- 
tained in the laboratory is somewhat 
better than that in the mill, a result to 
be expected in view of the use of a more 
precise instrument in the laboratory 
and of the fact that the mechanical and 
electrical disturbances were smaller in 
the laboratory tester. Even so, of the 
151 tests made at the mill, which include 
specimens ranging in core loss from 0.38 
to 1.10 watt per pound, 76 per cent lie 
within + 1 per cent of the core loss value 
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for all specimens, except for two samples 
which were less than 0.400 watt per 
pound, in which case the deviation is 


approximately 1.25 per cent. In the 60 
tests made in the laboratory, the core 
loss for all samples was approximately 
0.450 watt per pound and 98.3 per cent 
of the observations lie within + 1 per 
cent, whereas all lie within 1.1 per cent. 
These data indicate that even under 
relatively unfavorable conditions in a 
mill, a high degree of precision is ob- 
tained, which is especially notable be- 
cause the portion of the sample in which 
the core loss was measured weighed only 
about 40 g. and the total power measured 
was about 0.040 watts in the most 
unfavorable case, hence the error of 
measurement is less than 0.0004 watts. 
Furthermore, a specimen one third as 
large can be measured in the same tester 
with nearly the same precision as that 
shown in the frequency curves. 
Conditions are quite different in the 
standard Epstein test using 10 kg. of 
iron with a total core loss of 10 watts to 
be measured. In spite of this favorable 
condition brought about by the large 
mass of the sample, the precision of the 
Epstein readings is only moderate. 


CORRELATION OF SINGLE STRIP AND 
EpsteEIN Core Loss DATA 


In making any comparison between 
data obtained by two different test 
methods it is necessary to compare 
results obtained on exactly the same 
material by the two methods. This 
may seem to be an obvious statement, 
but nevertheless it is a matter often 
overlooked, either completely or par- 
tially, with the result that very mislead- 
ing conclusions may be reached. Early 
attempts to correlate core loss data 
obtained on the whole sheet tester with 
those obtained by the Epstein method 
failed for this reason. It must be 
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remembered that the whole sheet tester 
and the various single strip testers were 
designed to measure the magnetic prop- 
erties of the middle 40 per cent of that 
portion of the specimen bridging the 
ends of the yoke. The Epstein sample 
must be cut from this portion of the 
specimen and, if a representative com- 
parison is to be made, must include all 
of this material. If, as in the case of the 
first attempts at correlation, the entire 
sheet is cut up for the Epstein test, a 
true comparison is not obtained unless 
the sheet is uniform in magnetic proper- 
ties from end toend. This is not always 
the case, but from a number of explora- 
tory tests it appeared that the core loss 
of the middle portion of the sheet was 
the average of that for the entire sheet. 
This was believed to be always the case 
and therefore correlation of Epstein data 
on the entire sheet with whole sheet 
tester results on 28 in. of the length of the 
sheet was attempted. This failed 
utterly and it was found that firstly, the 
center section of the sheet was not 
always representative of the entire 
sheet, and secondly, that the effect of 
cutting the sheet into strips for the 
Epstein test was much larger and much 
more variable than had heretofore been 
realized. Later correlation tests were 
planned so that these variables would 
not enter and vitiate the results. 

There are two ways that these vari- 
ables may be eliminated: the sheet may 
be cut into strips 13% in. wide for the 
Epstein test before the box anneal and 
the tests will then be performed on 
strain-free material; or it may be cut 
into strips after the box anneal but 
before making the test in the whole 
sheet tester, the measurements in the 
two tests being then made on material 
in a comparable state of strain, since the 
additional strain introduced by cutting 
the strips into proper lengths for the 
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Epstein test is negligible. When tests 
by each method are made in this manner 
on the same material, the true agree- 
ment is shown. Since the core loss as 
measured by the Epstein test is influ- 
enced to some extent by cold working 
during cutting, which effect is absent in 
the whole sheet tester, as used in pro- 
duction, these tests do not provide a 
strict correlation between the two meth- 
ods. If the results obtained with the 
whole sheet tester are to be interpreted 
in terms of Epstein values (a procedure 
that is desirable at present because 
experience or design of electrical equip- 
ment is based largely, though somewhat 
empirically, upon the data obtained 
by the Epstein test) it is necessary to add 


TABLE I.—OBSERVED INCREASE IN CORE LOSS 
DUE TO SHEARING IN PREPARATION OF 


Increase in Core - 


_ Been in Use, hr 


53 15-1 


a representative average effect of cutting 
to the whole sheet test result. Some 
data have been obtained with the aid of 
one of the 3-in. single strip tester (for 
which we are indebted to G. Weber 
Smith, Magnetic Testing Engineer) 
which show that the effect of cutting 
varies with the length of time the shear 
blades have been used. For this pur- 
pose strips of silicon steel sheet were cut 
to a width of 23 in., annealed to relieve 
them of strain and tested for core loss at 
Bmax. = 10,000 gausses and at 60 cycles 
per second. These: strips were then 
trimmed at each edge and sheared into 
Epstein size 1;%-in. strips and retested. 
Data were obtained on a number of 
samples in this manner on one grade of 
material at various times after the shear 
blades had been installed. (The shears 
are in practically continuous use for 
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~ SPECIMENS FOR EPSTEIN TEST. | 
Length of Time ids 
Shear Knives Had Material 


Loss, percent 


shearing all grades of electrical sheet for 
Epstein tests and the period covered by 
the tests for effect of shearing on core 
loss is less than the usual replacement 
period for the shear knives.) These 
experiments should of course be re- 
peated for all the usual grades and gages 
of material to be tested in whole sheet 
form in order to arrive at the best aver- 
age factor to be applied in each case. 
The results of the first tests on the effect 
of shearing on core loss are summarized 
in Table I and show that even with 
reasonably good knives shearing may 


TABLE Il.—COMPARISON OF MEASUREMENTS 
MADE SIMULTANEOUSLY ON ALL THE STRIPS. 


Each 108 in. long by 13% in. wide, cut from a single 
sheet with these strips (a) alongside each other in the 36 
i P| tester (5) later cut to standard length and grouped 


the Epstein test. 
by Whic' 


Epstein Test 
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2} 4-0) 6-0 
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fully annealed sheet; lot 2...) 4/—0-1/4+2-3 
shearing strains not 3...) 6} 1-2} 3-8 
removed: lot 4...| 10) 1-7) 7-6 


increase the core loss by as much as 15 
per cent. 

Subject to these comments on the 
effect of shearing, the correlation data 
are presented in Table II. These data 
show that nearly all the data fall in the 
range —0.1 to 7.6, a spread of 7.7 per cent 
which is quite within reason for the 
correlation between an absolute test 
method and a nonabsolute one, espe- 
cially in consideration that the Epstein 
method has well-known errors which 
vary with the magnetic properties of the 
sample to this extent. Of course on the 
basis of these few data it cannot be 
definitely stated that the test results 
will always fall within this range of 
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values, but the difference between the 
Epstein results and the whole sheet 
results is so small that it is probable 
that this will be the case at least for 
magnetic material that is not materially 
better than that on which the data were 
obtained. 


SUMMARY 


Electrical sheet is rated chiefly by the 
energy loss under cyclic magnetization. 
A method is described which evaluates 
accurately this important characteristic 
in a simple manner in terms of absolute 
electrical measurements; it lends itself 
to power loss measurement in whole 
sheets as well as in small specimens com- 
parable in size with a single strip of an 
Epstein core. In spite of the neces- 
sarily small magnitude of power loss in 
such a small specimen the error, which 
amounts to less than 0.0005 watt, may 
be consistently limited to about ‘1 per 
cent in routine testing. The precision 
or relative accuracy is likewise high as 
is shown by frequency curves of a num- 
ber of repeated measurements on the 
smallest of the four single-strip testers 
which have been in use for some time. 

In this method the ideal conditions of 
measurement can be approximated as 
closely as is desired. These conditions 
are a homogeneous magnetizing field, 
H, and a pure harmonic time-variation 
of the magnetic flux throughout the 
specimen. The homogeneous field of an 
infinite solenoid can be realized in a 
relatively short solenoid by completing 
the magnetic circuit of this coil and its 
core through a laminated iron yoke which 
is magnetized by separate windings not 
connected in the power measuring cir- 
cuit. The harmonic time-variation of 
the flux can be achieved by superimpos- 
ing and compensating magnetizations 
of higher order odd harmonics by means 
of these separate yoke windings. The 
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adjustment in amplitude and phase of 
these two auxiliary magnetizations is 
effected through a null method, hence is 
independent of the calibration of the 
indicating instrument and is capable of 
great sensitivity. In the case of the 
first of these compensations, the null 
method consists of balancing an electro- 
motive force inductively derived from 
the magnetizing current against the emf. 
also inductively derived from the field 
of the short solenoid. The second com- 
pensation to adjust the time variation 
of the flux is effected by a null method 
based on measuring the higher odd 
harmonics of the emf. induced in the 
secondary wound about the specimen; 
this measurement, which is made with 
the same dynamometer used in the field 
homogeneity adjustment, is simplified 
by the well-known property of a dyna- 
mometer of responding only to that 
frequency used in energizing its field, 
thus making possible the adjustment of 
each harmonic separately. When these 
field conditions for the specimen have 
thus been established, the maximum 
flux density in the specimen is measured 
by means of a d-c. voltmeter and a 
precision mechanical rectifier, and the 
corresponding core loss is measured by 
means of a special high-sensitivity watt- 
meter. 

Since the Epstein method is the con- 
ventional test for core loss, some com- 
parative data are reported to illustrate 
the degree of agreement of this empirical 
method with the absolute method de- 
scribed in this paper. These measure- 
ments were made on the identical sam- 
ples of sheet silicon steel with special 
precautions to insure that the material 
was in exactly the same physical condi- 
tion when tested by each method. The 
Epstein results deviate by from — 0.1 to 
+7.6 per cent from the corresponding 
values; this is not a large range consid- 
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ering that in the Epstein method there 
are well-known errors of this magnitude 
which vary with the magnetic properties 
of the material and the make-up of the 
core as tested. The difference between 
the Epstein test, as usually carried out, 


and this absolute method, as applied 


to a whole sheet, is however considerably 
greater than the frequency figures indi- 
cate, because the mere shearing of the 

material into Epstein strips may, and 
frequently does, increase the core loss 
by as much as 15 per cent. 
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Mr. THOMAS SpPooNER.'—Several 
months ago a number of the members of 
Committee A-6 on Magnetic Properties 
were invited to visit the Vandergrift 
Plant of the Carnegie-Illinois Steel Co., 
and to see two of Mr. Shenk’s devices in 
actual operation. We were very much 
impressed, and I took it upon myself not 
long ago to urge Mr. Shenk to prepare 
a paper, for presentation before the 
Society, describing his new develop- 
ments, and this paper which you have 
just heard is, perhaps, partly the result 
of my suggestion. For many years I 
have felt that such a device would be 
very useful, but it has been a very dif- 
ficult problem, which probably accounts 
for the fact that such a tester has not 
been developed long ago. The advan- 
tages are obvious—a saving in test 
material, probably a saving in testing 
time and, of course, the elimination of 
the effect of strains, as Mr. Shenk has 
brought out. Many years ago we came 
to the conclusion that increases in core 
loss for a 1 in. wide strip, due to punch- 
ing, would be of the order—on the aver- 
age—of 10 per cent which checks pretty 
closely with Mr. Shenk’s figures. Also 
there are corresponding decreases in 
permeability for certain ranges of in- 
duction. 

We can be very grateful to Mr. Shenk 
for this development. Some day Com- 
mittee A-6 may find it advisable to adopt 
a method—either this method or a 
similar one—as a standard method for 


1 Chairman, A.S.T.M. Committee A-6 on Magnetic 
Properties; Manager, Engineering Laboratories and Stand- 
ards Dept., Westinghouse Electric and Manufacturing Co., 


East Pittsburgh, Pa. 


testing the magnetic properties of sheet 
material. It may be some time before 
the accuracy and suitability of the 
method is sufficiently proved so that we 
would care to take that step, but I 
think it is a probability. 

I am wondering whether Mr. Shenk has 
considered modifying his tester so that it 
can be used to determine the magnetic 
properties of strip material passed con- 
tinuously through the coils. In that 
way one could follow variations and 
would have a very good tool which 
could be used successfully, I believe, 
by the mills in studying inhomogeneities 
and in effecting greater uniformity of 
material. 

Mr. J. P. Barton.*—This paper rep- 
resents an advanced link in the chain 
leading towards improved methods of 
measurement of the magnetic charac- 
teristics of flat rolled steels, primarily 
silicon steel. It certainly represents an 
advancement in the art of measuring 
core loss and a-c. permeability, probably 
to a greater degree of precision than 
heretofore. Of particular importance is 
the fact that this is an absolute method, 
whereas other methods employed to 
date, with the exception of Burrough’s 
permeameter, are not of the absolute 
type. By this new method it is possible 
to measure strips ranging from approxi- 
mately 1 in. wide up to 36 in. or wider, 
and it offers the distinct advantages of 
being able to measure the properties of 
sheets and material in coils without 
destroying that material. With the 

2 Manager, Bureau of Electrical Sheet Sales, Carnegie- 
Illinois Steel Corp., Pittsburgh, Pa. x 
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existing methods of test it is necessary 
to cut strips, which represents an eco- 
nomic loss of that material. 

Another advantage of Mr. Shenk’s 
method is that it is a powerful tool in 
the development laboratory, as it is 
possible to measure accurately single 
strips before and after, for instance, a 
heat treatment, thus showing the effect 
of that treatment on one specimen strip. 
Heretofore, equipment for measuring 
core loss and permeability required a 
number of strips, on which it was neces- 
sary to assume that all of the strips had 
uniform characteristics. In some cases 
this assumption led to marked errors, as 
all the strips would not respond in the 
same manner to whatever treatment 
was being applied. With Mr. Shenk’s 
method it is now possible to measure an 
entire sheet of silicon steel by shearing 
the sheet into strips of convenient width 
and length, thus showing the variation 
in magnetic properties from area to area 
in the sheet. 

As Mr. Spooner has just mentioned, 
it would seem that this equipment has 
possibilities towards measuring, at least 
semicontinuously, the magnetic prop- 
erties of electrical strip in coils. We can 
look forward to this possibility as a 
means of quality control on a simple 
basis, similar, for instance, to apparatus 
now used in indicating the thickness of 
cold reduced strip as it comes off the 
cold reduction mills. 

Proposed tentative standard methods 
have been under consideration which 
make it possible to improve the degree 
of accuracy in measuring core loss and 
a-c. permeability simultaneously. These 
methods have been under development 
in Committee A-6 and should help 
towards narrowing the gap between Mr. 
Shenk’s apparatus and the tentative and 
standard methods sponsored by Com- 
mittee A-6. 

Mr. Shenk is to be congratulated on 


the development of this absolute method 
of test. It has taken a number of years 
for this very complete and thorough in- 
vestigation to bring this apparatus to the 
precision that he has obtained. 

Mr. J. Q. Apams.’—I am particularly 
interested in knowing how narrow a strip 
can be readily used in this type of ap- 
paratus, and whether Mr. Shenk has 
worked with the narrow strip steels. 
I note that his paper deals primarily 
with the wider sheets. 

Mr. W. E. SHenx* (author’s closure).— 
I want to thank Mr. Spooner for the 
great encouragement he has given me in 
preparing the paper. His enthusiasm as 
to the possibilities of the new test method 
when he and some of his associates on 
Committee A-6 visited the Vandergrift 
Plant of the Carnegie-Illinois Steel Corp. 
was very largely responsible for the 
presentation of a description of the 
method at this time. 

The advantages pointed out by Mr. 
Spooner, namely, saving in test material, 
probable saving in testing time, and 
elimination of the effect of strains, were, 
together with the possibility of testing 
the identical material to be used in the 
magnetic core of an electrical machine 
the chief objectives sought when the 
development of a new test method for 
core loss and a-c. permeability was under- 
taken several years ago. It is indeed 
gratifying to have Mr. Spooner, Chair- 
man of Committee A-6 on Magnetic 
Properties, point out that the goal has 
been achieved. 

Both Mr. Spooner and Mr. Barton 
have raised the question of measuring 
the magnetic characteristics of electrical 
strip continuously. The accurate meas- 
urement of core loss with the strip speci- 
men in motion was not considered be- 
cause to do so would have unduly 


3 Metallurgist, General Electric Co., Schenectady, N.Y. 


States Steel Corp., Kearny, N. J. ‘ean 


4Research Engineer, Research Laboratory, United 
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hod complicated the apparatus and would Mr. Barton has emphasized the fact 
ars | have multiplied many times the diffi- that the new test method is absolute and 
in- culty of obtaining suitable instruments. had pointed out that, with the exception 
the A relative and at least qualitative con- of the Burrough’s permeameter, it is 
tinuous measurement can be obtained unique in this respect. Since however, 
irly however, by adjusting the yoke magneti- _ the Burrough’s permeameter is a d-c. test, 
trip zation and flux density in the specimen _ it is hardly comparable with the present 
ap- at the start of a coil of electrical strip method which is therefore the only 
has and then as the strip advances con- absolute a-c. test. 
els. tinuously, observing the changes in the Mr. Adams asks how narrow a strip 
rily wattmeter reading which will indicate a can be measured. The testers are de- 
] variation between high and low loss in _ signed in several sizes to cover a range 
‘ae the strip. A reference upon which to of from 1 in. wide to 36 in. wide strip. 
the base these relative variations can be The method was worked out first on 
» in established by either cutting off the end narrow specimens and a tester for pieces 
1 as of the strip for an accurate core loss of strip 1 to 3 in. in width and at least 
hod measurement in the strip tester or by 10 in. long was built. Duplicates of this 
on stopping the strip for a brief interval tester were built for the Vandergrift 
rift and measuring its core loss accurately. Plant of the Carnegie-Illinois Steel Corp. 
yrp. This method has been tried only experi- and the Cuyahoga Works of the Ameri- 
the mentally so far, but it shows promise. can Steel and Wire Co. where they are 
the Mr. Barton has brought out an addi- regularly used in production testing as 
tional advantage of the new test method wel] asin development work. The larger 
Mr. when used for a narrow strip, that is, the testers are primarily designed for pro- 
‘al, possibility of the magnetic duction testing, although they too can 
and properties of a single strip before and b ten 
ere after any desired treatment. In this 
. Another possible field of usefulness of 
‘ing way it is possible to ascertain the 
the optimum treatment for a given magnetic 
ine material or to determine the properties 18S and permeability under superim- . 
the of an experimental material available posed d-c. and a-c. magnetization. This % 
for only in very small quantity. Thus a application, which is important in the &g 
ler- great economy in development costs can communications field, will be discussed § 
eed be effected. in a future paper. 
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metal strikes the mold. If applied in 
two layers, the original or base mold 
coating is a refractory clay on which is 
_ superimposed the second coating, which 
is graphite in the form of carbon smoke; 


Fed some plants employ a single coating. 

Fat Some castings are produced in sta- 
tionary molds, while water pipe made 
by the De Lavaud process is cast 
centrifugally in rotating molds. All 


permanent mold gray iron castings are 
given a complete anneal. One such 
annealing treatment consists of heating 
to 1575 F. in 1} hr., holding at that 
temperature for } hr., and cooling slowly 


1 Associate Professor of Metz.lurgical Engineering, 
t of Chemical and Metallurgical Engineering, 
University 5 Michigan, Ann Arbor, Mich 
? Eaton Erb Foundry Division, Eaton Manufacturing 
Co., Detroit, Mich. 


STUDY OF THE CHEMICAL, PHYSICAL AND MECHANICAL carb 
i Fe ne. PROPERTIES OF PERMANENT MOLD GRAY IRON 2. 
By RicHARD SCHNEIDEWIND' AND Epwarp C. HoENICKE* wig to s 
AE Determinations have been made of the mechanical properties of perma- gray 
. oN goal mold irons which are irons of gray iron composition cast in water- -cooled 
— erat metal molds and fully annealed to give a structure of alpha ferrite and 
a graphite. The results show properties considerably higher than would be > 
i expected from material of such microstructure. 
ft aah It is significant that although fully annealed, the properties of permanent = 
piles he mold irons vary inversely as the section size of the casting; that is, irons of ales 
ve small section size are stronger than those of heavy section size. 
ae : Permanent mold iron castings are of a__ through the critical range in 13 hr. The Tors 
modified gray iron composition cast into microstructure after casting consists of Tors 
-—spermanent air-cooled or water-cooled lacy eutectiform graphite, ferrite, and a Fe 
Pp metal molds. The metal molds are small amount of pearlite. No massive Mod 
given coatings which prevent the cast- carbides are present. After the anneal- Plas 
a ings from adhering to the mold and re-__ ing treatment, the matrix is completely End 
duce the thermal shock when the molten _ferritic. End 


Most metallurgists would assume from Hon 
this microstructure that the mechanical 


properties are low, in the order of ite 
magnitude of 18,000 psi. in _ tensile 
strength. This misconception arises of 
from the fact that when ordinary gray fla! 
iron, sand cast, is given a full annealing 
treatment to a ferritic matrix, the tensile sal 
properties are in that range. Many tests na 
made on permanent mold irons and on ca 
permanent mold castings have indicated ein 
much higher mechanical properties. of 
This investigation was started in order to ah 
determine more of the properties of FE 
permanent mold irons which might be , 
of assistance to designing engineers. Pr 
SUMMARY OF CONCLUSIONS 
re 
The results of the present investiga- on 


J 
~ 
S| 


tion have led to the following con- 
clusions: 

1. Permanent mold irons have a 
microstructure consisting of ferrite and 
graphite. Faint traces of eutectoid 
carbides are sometimes present. 

2. These irons, although possessing 
the structure noted above, are sensitive 
to section size, that is, the mechanical 
properties vary with section size. 

3. The smaller the section size, the 
finer is the pattern of eutectiform 


5. Table I summarizes the properties 
obtained for castings varying in diameter 
from 0.5 in. to 2.0 in. 


PROCEDURE AND RESULTS 


The test bars were cast to such a size 
that machining off the surface skin 
left them with 2, 1.2, 0.875, and 0.5-in. 
diameters and in 18 to 24-in. lengths. 
The bars were not taken from any one 
specific heat but were prepared from 
production heats over a period of several 


graphite. In large sections, the center months. hei 
TABLE I.— ‘PROPERTIES FOR PERMANENT MOLD CASTINGS 0.5 TO 2.0 IN. IN DIAMETER. £ 
52 267 34 142 32 050 22 533 
Tensile Modulus of Elasticity, reese 19 530 000 17 570 000 13 600 000 11 980 000 
Compressive strength, psi...................+++.+- 124 342 112 017 119 583 99 783 
Torsion, rupture shear, psi................----++++ toute 43 750 42 186 36 483 
Torsion modulus of elasticity, psi..............--.] 0 seeees 7 435 000 6 747 000 6 310 000 
Transverse breaking load, Ib...................--- 606 1 665 2 670 8 200 
Traneverse GeGection, 0.178 0.166 0.283 0.240 
98 950 75 933 70 783 62 700 
Bending soaiiben of elasticity, OE eee (3 19 600 000 16 940 000 14 380 000 14 870 000 
eos 57.1 40.1 37.7 30.5 
32 000 20 000 19 500 13 500 
Endurance limit, notched bars, psi.............--- <15 000 15 000 Fr 13 000 
Heat-treated, tensile strength, psi. 82 433 50 250 38 783 32 242 
Heat-treated, tensile mod -y of elasticity, psi.. 19 200 000 17 400 000 13 360 000 10 950 000 
Growth, increase in volume, per cent per cycle..... 0.133 0.170 0.180 0.330 


of the casting may contain some fine 
flake graphite. 

4. The Brinell hardness is about the 
same for all section sizes investigated, 
namely, 153 to 168. Permanent mold 
castings can be produced, with modifica- 
tions in procedure, to a Brinell hardness 
of 190 or higher to 207 and yet have a 
microstructure of ferrite and graphite. 
For most applications, however, the 
softer and more machinable material is 
demanded and for this reason this in- 
vestigation was conducted on castings 
representing a greater proportion of 
consumer 


Chemical Analysis: 


It was entirely possible that no two 
bars were of the same heat but, inasmuch 
as the foundry practices were fairly 
uniform, one bar was taken at random 
for chemical analysis which proved to 
be as follows: 


Total carbon, per cent............... 3.52 


Graphitic carbon, per cent............ 3.41 
Combined carbon, per cent........... 0.11 


Manganese, per cent............... ee 
Phosphorus, per cent............... 


This value was consistent with the plant 
during period. If 


how 
+ 
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nal the value, carbon plus one-third silicon 
is computed, the result is 4.37 per cent. 
This iron is, therefore, of eutectic compo- 
sition. Compared to normal gray irons, 
it is very high in silicon and would be 
suitable only for very small section sizes 
when cast in sand. 


Tensile Properties: 


TABLE III.—TENSILE PROPERTIES OF 2.0-IN. 
DIAMETER BARS. 


0.5-in. bars. It has been found in tests 
at the University of Michigan over a 
period of years that the standard 0.79- 
in. diameter reduced section results in a 
large percentage of breakage in the 
_ threaded portion. The other dimensions 
of the tension specimens were as specified 
in A.S.T.M. Tentative Methods of 
Tension Testing of Metallic Materials 
(E8-—40T)?* Four bars of each cate- 
gory were broken and the results aver- 
aged. Modulus of elasticity was 
computed from stress-strain diagrams. 
The results are given in Table II. 


31940 Supplement to Book of A.S.T.M. Standards, 
I, p. 453. 


In order to avoid criticism of the use 
of a reduced section of 0.75 in. for the 
2-in. diameter bars, three additional sets 
were machined from the 2-in. bars having 
reduced sections of 1.25 in., 0.5 in., and 
0.375 in., respectively. The tensile 
values obtained on these specimens are 
given in Table III; each value is the 
average of three consistent figures. 


_ Specimens were machined from each It may be seen that the diameter of the 
8 size bar for tension tests. The diameter test specimen does not appreciably 
i of the reduced section was 0.75 in. for influence the tension test values obtained. 
7 the 2.0-in. and 1.2-in. bars; 0.5 in. for 
the 0.875-in. bars, and 0.375 in. for the SABER 
PERMANENT MOLD’ IRONS. 
TABLE I1.—TENSILE PROPERTIES OF Averaged values. 
52 267 19 530 000 


TABLE V.—-COMPRESSIVE STRENGTH OF 
PERMANENT MOLD IRONS. 
Average of at least four individual determinations. 


Each value is the average of three consistent figures. 
Reduced Sec- Tensile 2... 
tion Diam- Strength, ir 1.2 119 583 
22 180 ae 0.5 124 342 
75 227 


Brinell hardness measurements were 
made on many samples of each size bar. 
The results were consistent and the 
averaged values are given in Table IV. 

It may be seen that there is little 
appreciable difference in Brinell hardness 
between bars of different diameters. 


Compressive Strength: 


Cylinders were prepared for compres- 
sive strength tests. These cylinders 
were the full diameter of the bars and the 
height was twice the diameter. The 
results are given in Table V. 

All of these values are the average of at 
least four individual determinations. 
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Torsion Properties: 


The torsion tests were conducted in an 
Olsen torsion testing machine. The 
specimens were tested with full diameter 
and length. The gage length used for 
computation was 8.25 in. and the stress 
was applied in inch-pounds. The 0.5- 
in. diameter bars could not be tested 

TABLE VI.—TORSIONAL PROPERTIES OF 


PERMANENT MOLD IRONS. 
Averaged values. 


Torsional 
Di t f Shear Stress Shear Stress Modul 
Bar, in. | get Yield Jat Ruptare,) Elasticity, 
20208 | 36483 | 6310000 
1.2.....| 299000 42186 6747 145 
0.875...| 23 160 43750 | 7 435.000 


because they did not fit the machine. 
The results of the tests are given in 
Table VI. 

These values are shown graphically in 
Fig. 1, where the diameter of the bar is 
plotted against the torsional properties. 

60.000 


a 
q 7x10 Ss 
30000 

5 6xi0® © 
20000 
45x10® 

10 000 = 

0 4x10° 

0 2 3 


Diameter of Casting, in. 


Fic. 1.—Relationship Between Torsion Prop- 
erties and Diameter of Section. 


For purposes of comparison a few 
values of torsional modulus of elasticity 
of other materials are given here: 


7 500 000 
Malleable cast iron, psi............ to 

9 500 000 
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Bending or Transverse Properties: 


The physical properties in bending 
were determined in an Amsler hydraulic 
testing machine. The 0.5-in. bars were 
broken on 8-in. supports, the 0.875-in. 
bars on 12-in. supports, the 1.2-in. bars 
on 18-in. supports, and the 2.0-in. bars 
on 24-in. supports. The load was ap- 
plied midway between the supports and 
the deflection was measured directly 
below the point of loading by means of 
a lever and an Ames dial. Deflection 
was measured to 0.0001 in. At least 
four bars of each size were broken and 


TABLE VII.—TRANSVERSE PROPERTIES OF 
PERMANENT MOLD IRONS. 


Averaged values 


| Modu- | | 
lus of | E, Bending tic 
of Bar, $3 tion, p- Modulus, + 32 Work, 

in. © ture, | psi. S56 per 

psi. cent 
Peer 8200 | 0.240) 62 700 | 14872000 1177 | 30.5 


5 
2670 | 0.283) 70783 | 14378300 482 | 37.7 
0.875....| 1665 | 0.166) 75 933 | 16940000 176 40.1 
606 0.178) 98 950 | 19 600 000 | 


stress-strain diagrams were drawn. The 
moduli were computed where the load 
equalled 50 per cent or less of the break- 
ing load. The averaged values are 
shown in Table VII. The breaking 
energy in inch-pounds was computed for 
each bar from the stress-strain diagrams 
by obtaining the area under the stress- 
strain curves. The averaged values are 
also given in Table VII. 

When a bar of cast iron is broken, a 
certain amount of the energy released is 
recoverable. The remainder is plastic. 
From the modulus of elasticity and the 
breaking load the amount of elastic work 
may be computed by obtaining the area 
of a right-angle triangle whose height is 
the breaking load and whose hypotenuse 
is an extension of Young’s modulus line. 
If this is subtracted from the total break- 
ing energy, the amount of plastic work 
is obtained which represents the perma- 
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nent set. The amount of plastic work that the smaller the diameter the greater 


may be expressed as a percentage of the 
total work energy required to break the 
bar and is a measure of the toughness of 
the iron. These values are given in the 
last column of Table VII. They show 


the toughness or plasticity of the iron. 
In reviewing the values in Table VII, 
it is obvious that breaking load deflec- 
tion and breaking energy cannot be 
compared from bar to bar to give any 


TABLE VIII—FATIGUE TESTS ON PERMANENT MOLD IRONS. 
Note.—lItalicized values mean the specimen broke. 
Va ues not italicized indicate the specimen did not break. 


0.500 in. Diameter, Tensile | 0.875 in. Diameter, Tensile | 1.200 in. Diameter, Tensile | 2.00 in. Diameter, Tensile 
Strength = 52,267 psi. Strength = 34,142 psi. Strength = 32,517 psi. Strength = 22,533 psi. 
Stress, psi. | to Failure Stress, psi. to Failure | Stress, psi, | to Failure Stress, psi. to Failure 
PLAIN SPECIMENS 
28 300 53 977 000 9 440 3 055 000 19 100 39 147 000 12 850 41 474 000 
29 600 17 845 000 13 200 17 798 000 20 650 3 935 000 13 970 6 720 000 
31 200 23 206 000 17 080 13 001 000 22 150 436 000 14 800 212 000 
31 850 55 978 000 18 960 28 825 000 2300 400000 | ==: 15.180 13 000 
32 600 4 000 19 700 23 093 000 26 900 
33 360 2 000 20 220 | 
NoTcHED SPECIMENS 
15 120 4 850 000 13 490 29 847 000 13 250 6 906 000 | 9 820 20 980 000 
19 680 559 000 14 980 13 533 000 13 890 81926 000 | 11 730 20 448 000 
20 850 154 000 15 300 4 233 000 14 760 677 000 | 13 620 755 000 
22 700 768 000 15 970 1 078 000 15 400 107 186 000 14 010 922 000 
Fan Paty 16 900 4 046 000 17 100 430 15 130 35 000 
100 70 reasonable comparison of a_ specific 
property of the iron. 
90 60 This is true because the size of the 
specimen is different. The transverse 
‘2 + or flexural strengths can, however, be 
a 80 50 c 
compared from the modulus of rupture. 
40 TABLE IX.—-ENDURANCE PROPERTIES OF 
> PERMANENT MOLD IRONS. 
6 Ratio of 
ndurance imit to 
3 2 Diameter, in. | Limit, psi. | Strength, | Tensile 
Strength, 
8 50 202 per cent 
STANDARD Bars 
10 10 as... 32 000 $2 267 61.3 
eee 30 000 34 142 59.6 
ee 19 500 32 517 60.0 
Bibs aces 13 500 22 533 60.0 
0 0 - 
05 1.0 1.5 2.0 2.5 Norcuep Bars 
Cast Diameter of Bor, in. 0.S.......| <15000 52 267 re 
Fic. 2.—Influence of Section Size on Modulus we 
of Rupture and on Plastic Work of Permanent 2.0 13 000 | 22 533 57.5 
Mold Irons in Transverse Bending. | : 


Stress, psi. 
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It can be seen that the modulus of rup- 
ture increases about 50 per cent as the 
diameter of the bar is reduced from 2.0 
in. to 0.5 in. Likewise, the bending 
modulus increases about 50 per cent as 
the diameter of the bar is reduced from 
2 in. to 0.5 in. The plasticity of the 
iron has been discussed before. 

These results are presented graphically 
in Fig. 2, where the diameter of the bar 


70 


60 


os tS 325 


Cast Diameter of Bar, in. 


Fic. 3.—Influence of Section Size and Notch 
on Endurance Limit of Permanent Mold Irons— 
R. R. Moore Machine. 


is plotted against modulus of rupture 
and the percentage of plastic work. 


Fatigue Properties: 


Standard fatigue specimens were pre- 
pared from each diameter bar and were 
tested on the R. R. Moore type of rotat- 
ing-beam machine. 

In addition, another series of speci- 
mens from each diameter bar was 
prepared, which contained a V-notch in 
the center of the specimen. The results 
of the individual tests are given in 
Table VIII and endurance limit is 
in IX. 
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The results would indicate that endur- 
ance limit decreases with increased size 
of bar. In Table IX the tensile strength 
values have also been presented along 
with the ratio of endurance limit to 
tensile strength. In the case of the 
standard fatigue bars, the results indicate 
a somewhat high ratio of endurance limit 
to tensile strength normal for cast irons. 
This ratio may vary from 43 to 58 per 
cent. In the case of these permanent 
mold irons, the endurance limit proved 
in every case to be very close to 60 per 
cent of the tensile strength. No expla- 
nation can be given at this time for this 
abnormally high ratio. 


TABLE X.—COEFFICIENT OF uae OF 
PERMANENT MOLD IRONS 


| Instan- 

| taneous 

Coeffi- 

beds Average Coefficient of Expansion,| cient of 

| in. per inch per deg. Fahr. oe 

Temperature | X 108 SA 
Range, deg. 1015 

Fahr. 

Steel, 

in. per 
inch 

0.5-in. \0.875-in.| 1.2-in. | 2.0-in. per deg. 

iam- | Diam- | Diam- | Diam- | Fahr. 

eter eter | eter | eter x 10° 
70 to 200... 6.65 6.65 7.22 6.45 Peds 
70 to 400... 6.74 | 6.74 7.11 6.66 ia 
70 to 600.... 6.90 6.90 7.19 6.86 
70 to 800... 7.11 7.05 7.82 7.08 7.83 
70 to 1000...| 7.31 | 7.16 7.45 7.29 8.02 
70 to 1200...) 7.58 | 7.27 7.71 7.51 8.36 
70 to 1300... 7.69 7.3% 7.86 7.62 


It would appear that the notched-bar 
fatigue properties are practically con- 
stant at between 13,000 and 15,000 psi., 
regardless of the original cast diameter 
of the bar. Difficulty was experienced 
in obtaining consistent results on the 
notched bars. 

The endurance limit on standard bars 
or notched bars and the tensile strength 
are shown graphically in Fig. 3, where 
these properties are plotted against the 
diameter of the bar as originally cast. 
The test specimens were of standard 
dimensions. 


4 “Alloy Cast Irons,”’ p. 86, Am. Foundrymen’s Assn. 
(1939). 
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oefficient of Expansion: 


Specimens were machined 4 in. long 
and 2in. in diameter. They were placed 
in a dilatometer built in accordance with 
the A.S.T.M. specifications. The results 
of the test are given in Table X. These 
values are the average values between 
room temperature and the temperature 
indicated. The instantaneous coefficient 
of expansion of S.A.E. 1015 steel is in- 
cluded in this table for purposes of 
_ comparison. 


< 


Impact Tests: 


In view of the fact that there is no 
generally acceptable standard for impact 
bars in the cast iron field, test specimens 


MOLD IRON 
Values are average of three soit tests. 


* 

Original Diameter 

- Diameter, Tested, Span, in. Impact, 

in. in. 

| 1 6 18.8 
1 6 22.0 
0.875 , 0.875 6 15.7 
6.3... 0.5 6 8.0 
0.875 6 12.7 
0.5 6 4.1 


were made up with the following dimen- 
sions: The 2-in. and 1.2-in. bars were 
machined to a diameter of 1 in. and were 
broken on a 6-in. span. The 0.875-in. 
and the 0.5-in. bars were broken at full 
diameters on a 6-in. span. In order to 
attempt a correlation between the 1-in. 
diameter and the substandard diameter 
test specimens, specimens were machined 
from the 2-in. diameter bars to 0.875-in. 
and 0.5-in. diameters. The results of 
the tests are given in Table XI. The 
values reported are the average of three 
individual tests in each case. Ordinary 
gray iron, cast in a standard arbitration 
bar 1.2 in. in diameter, will have impact 
values ranging from 20 to 40 ft-lb. if 
the iron is unalloyed. There are not 
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sufficient data to set up a good relation- 
ship between impact and the diameters 
of the specimens, but preliminary calcu- 
lations would indicate that the 0.875-in. 
and 0.5-in. diameter bars would have an 
equivalent impact resistance of about 
30 ft-lb. if they are tested on larger 
specimens. 
Heat-Treated Properties: 

Bars of 2-in., 1.2-in., 0.875-in., and 
0.5-in. diameter were heated to 1525 F., 
held for 1 hr., and quenched ‘in oil. 
They were then tempered at 850 F. for 
ihr. Tension specimens were machined 
from these bars. This procedure was 
followed in order to determine the 


TABLE XII. eee PROPERTIES, PLAIN 
D HEAT TREATED 
Plain means wn annealed. 
Heat-treated bars were eet in oil from 1525 F 
and tempered 1 hr. at 


| Brinell | Tensile 


Original Modulus of 
Diam- | Treatment | Hard- Strength,) Elasticity, 
eter, in. ness psi. psi. 
2.0 164 | 22 533 11 980 000 
. 0. 13 600 000 
0.875 |; Annealed 163 | 34142 | 17570000 
0.5 ) 153 | 52267 | 19530000 
2.0 |) 206 | 32242 | 10950000 
1.2 |\Heat 258 | 38783 | 13360000 
0.875 Treated 310 | 30250 | 17400000 
0.5 |j 330 | 82433 | 19200000 


physical properties of the irons in such 
a manner as to include the influence of 
mass during heat treatment. It did not 
seem logical, as is frequently done in 
tests of this type, to machine the test 
bars first and heat treat them subse- 
quently, because the influence of mass on 
heat treatment would be lost. The 
results are given in Table XII. 

The microstructures of these irons will 
be discussed later in the paper. These 
results are presented graphically in 
Fig. 4, where the diameter of the bar is 
plotted against the tensile strength. 
The tensile strengths of the annealed irons 
are included in this graph for purposes of 


comparison. It oes appear from the 
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. TABLE XIII.—GROWTH OF PERMANENT 
results that, although high tensile proper- MOLD IRONS. 


ties may be obtained by heat treatment, ~~ ; 
these tensile values are obtained at a prin’). Cycles aoe per —, 
considerable sacrifice of softness and, in. per cant 
therefore, machinability. It is interest- 
ing to note that the modulus of elasticity 
is not affected by heat treatment. 


Growth Characteristics: 


Gray cast irons are known to increas 
in volume or to “grow” when exposed to 
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Fic. 4.—Influence Section of Size and Heat 
Treatment on Permanent Mold Iron. 


o 


fluctuating high temperatures in various 
atmospheres. Specimens were machined 
4 in. and ? in. in diameter and were 
placed in an electric muffle furnace. 
They were held at 1500F. for 1} hr. 
The furnace atmosphere was still air. 
The current was turned off and the 
specimens were permitted to cool to 
considerably below the critical tempera- 
ture, after which the heating cycle was 0 
repeated. After each 3 cycles the speci- 

— ner removed, the ends were given Fic. 5.—Growth Characteristics of Permanent 
a light polish with emery paper to Mold Iron. 2 


nN > 


Increase in Volume, per cent 


Number of Heatings 


: 
18 1.820 | 
avg......| 0.107 0.3300 
3 0.018 0.034 
1 6 0.180 0.540 
| | 9 0.410 
r 21 | 1.265 
d avg...... 0.060 0.180 
e 6 0.228 0.865 ‘3 
9 0.472 1.420 
21 0.926 
| 0,084 0.133 
= 
7 | 
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remove scale, and were measured with a 
_ micrometer device. A total of 21 cycles 
was employed in this test. 

It was found that the specimens in- 
creased in length and the assumption was 
made that they must have increased in 


Center. 


diameter by a proportionate amount. 
_- The increase in volume was computed 

and the values are given in Table XIII. 

The results are shown graphically in 
Fig. 5 where the percentage increase in 
volume is plotted against the number of 
heating cycles. From these values it 
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may be concluded that the larger the 
bar the greater the amount of growth. 
If these values for growth are compared 
with figures published by other investi- 
gators,® no direct relationships may be 
derived. This is true because in the 


Fic. 7.—0.5-in. Bar Annealed, Etched (X 100). oar at 


various tests presented no two investi- 
gators used the same heating cycle with 
respect to time or temperature, nor did 
they use the same atmospheres. These 
values herein presented are merely com- 


5“ Alloy Cast Irons,” p. 106, Am. Foundrymen’s Assn. 
(1939). 


i 
j xX 100. 1000 
Fic. 6.—As Cast, Etched. 
vs, 
= 
- oat 


Center. Outside. 
Fic. 8.—0.875-in. Bar Annealed, Etched (X 100). 


‘enter. Out 
Fic. 9.—1.2-in. Bar Annealed, Etched (X 100). 


Center. Outside. 
Fic. 10.—2.0-in. Bar Annealed, Etched (X 100). 
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ok. © } Ve bee | 


(d) 2.0-in. bar (X 500). 


4 


igs 
0.5-in. bar (X 1000). Oblique illumi- (f) 1.2-in. bar (X 1000). Oblique illumination. It 
7 a = nation reveals martensitic structure. This area is in the original casting grain bound- dec 
. aries and shows that the anneal has not broken 


down all the cementite. 
Fic. 11.—Specimens Quenched and Tempered, Etched. 
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(6) 0.87S-in. bar (X 500). | 
(a) 0.5-in. bar ( ite 
(c) 1.2-in. bar (X 500). a cen 


en 


parative between section sizes of perma- 
nent mold iron for the conditions used 
in this particular test. : 


Microstructure: ve 


Specimens were prepared for micro- 
structure examination from specimens 
of each size bar in the as-cast condition. 
Figure 6 shows typical structures at 
100 X and 1000 X. It is readily seen 
that the matrix consists of ferrite with 
some pearlite. A considerable amount 
of phosphide eutectic may be seen at the 
austenite grain boundaries. The graph- 
ite is of fine eutectiform quality. 

Specimens were likewise prepared from 
samples of annealed bars, that is, the 
condition in which the castings are sold. 
Typical structures are shown in Figs. 7 
to 10, which present at 100 X typical 
sections from the outside and center of 
each size bar. 

As may be expected, the graphite is 
finer and the ferrite cell size is smaller 
at the outside side of the bar than at the 
center, and the ferrite and graphite are 
finer in a smaller bar than they are in a 
larger bar. There is no great qualitative 
difference in the microstructures of any 
of these irons except that shown in the 
center of a 2-in. bar. Here the graphite 
has assumed a small flake form rather 
than the eutectiform appearance shown 
by all the others. This flake graphite is 
typical of ordinary gray cast irons and 
should, in a measure at least, explain the 
lower physical properties of the larger 
bars. 

Specimens were also prepared from 
each size bar in the heat-treated condi- 
tion. The nature of heat treatment was 
described in the section of this paper 
entitled“ Heat-Treated Properties.” The 
microstructures are shown in Fig. 11. 
It may be seen that the matrix was 
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CORRELATION BETWEEN PROPERTIES 
AND SECTION SIZE 


In ordinary sand-cast gray cast irons 
the section size directly controls the 
rate of cooling of the iron from the 
molten state to room temperature. It 
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Fic. 12.—Influence of Section Size on Me- 
chanical Properties. 


0 


has been found that the rate of cooling 
profoundly influences the metallurgical 
and mechanical properties of the product. 

In a series of irons cast from the same 
ladle of molten iron, the castings having 
small section size, a rapid rate of cooling, 
will possess a higher strength, in tension 


decomposed martensite. 7 and other ways, than castings of heavier 
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section size and slower rates of cooling. 
The difference in properties is also re- 
flected to a large extent in the micro- 
structure. In rapidly cooled sections 
the graphite flakes will be small and the 


wl pearlite of a fine lamellar nature. As 


the section size increases, the size of the 
_ graphite flakes and the pearlite lamellar 
gets larger. With even slower rates of 


cooling in the large section sizes, eS ' 


microstructure will consist of very coarse — 


graphite flakes, coarse pearlite and Bo lh 


large amount of ferrite. 

In permanent mold irons, due to the 
rapid extraction of heat through the 
metal mold, the difference in cooling 
rate between a }-in. bar and 2-in. bar is 
not so great as it would be if the same 
size bars were cast in sand. The micro- 
structures in the as-cast conditions reveal 
a progressive increase in crystal size and 
graphite size as the section is increased 
in the permanent mold irons. In the 
2-in. size, there is a very small quantity 
of flake graphite near the center. The 


matrix structure before and after anneal- 
ing is practically identical for all section — dis 


sizes. In view of these facts, it is some- 
what surprising that such large differ- 
ences in mechanical properties are found. 

Figure 12 has been prepared to show 
the influence of section diameter upon 
the mechanical properties. In this chart 
the following properties have been 
plotted: compressive strength, modulus 
of rupture in bending, torsional rupture 
strength, tensile strength in the heat- 
treated condition, tensile strength in the 
annealed condition, torsional yield point, 
endurance limit, and notched endurance 
limit. 

The values for all of these different 


wa 
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methods of testing are higher in the case 
of small bars than larger bars. The 
yield point in torsion and the notched 
endurance limit apparently are inde- 
pendent of section size. 

Figure 13 has been prepared to show 
the influence of section diameter on the 


20 


5 
Torsion 
° Bending 
+ Jension, Plain 
© Tension, Heat Treated 
0 
10) 0.5 1.0 1.5 2.0 25 


Cast Diameter of Bor, in. 
Fic. 13.—Influence of Section Size on Moduli. 


moduli in bending, tension, and torsion. 
In all cases the irons are stiffer in smaller 
diameters than in heavier diameters. In 
referring back to Table IV, it may be 
seen that the Brinell hardness does not 
vary appreciably with section diameter 
although it is surprising to note that the 
smallest bar exhibits the lowest hardness. 
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Mr. C. W.’ MacGrecor.'—Table I 
of the paper gives values of the tensile 
strength and the modulus of rupture in 
shear for permanent mold castings. It 
will be noted that these values differ 
greatly in magnitude. This is no doubt 
caused by the fact that the elementary 
elastic formulas for shearing stress were 
used to compute the shearing stress at 
rupture. Actually, of course, these for- 
mulas hold only below the elastic limit. 

As soon as the elastic limit in shear is 
exceeded, the shearing stresses begin to 
redistribute themselves over the cross- 
sections of the twisted bar. For a 
torque moment well above that neces- 
sary to initiate yielding, the shearing 
stresses no longer follow a linear dis- 
tribution as in the elastic case, but are 
distributed somewhat parabolically over 
the cross-section. 

The actual shearing stress in the 
outside layer of a round bar under 
torsion can be calculated accurately at 
any torque moment M, and for an 


arbitrary torque-twist curve from 


forrhnula 


dM, 
am | sat + 6 
Se, 4; and @ represent the 
shearing stress in the outside fiber, the 
radius of the bar, the torque moment 
and the unit angle of twist, respectively. 
This of course means that the torque 
twist curve must be determined from 
experiment which can be readily carried 
out. 


1 Professor of Applied Massachusetts 
Institute of Technology, Cambridge, M: 


DISCUSSION 


2 
(My + 3M) = 
7a 
This checks the usual formula = 


Equation 1 also has a very simple we 
graphical interpretation which is the way 
in which it is used practically. For a 
discussion of this method reference is 
made to the work of Nadai.” 

This method has been applied by the 
writer to torsion tests on cast iron* in 
which it was found that the actual 
shearing stress present in the bar at 
fracture agreed with the tensile strength 
to within 3 per cent. For an ideally 
brittle material these quantities should 
be exactly equal to each other. 

Mr. RICHARD SCHNEIDEWIND‘.—I 
have looked over Mr. MacGregor’s 
Eq. 1, which is Eq. 10 of Nadai’s book 
on “Plasticity,” and I follow the deriva- 
tion. I checked the equation against 
the perfectly elastic case as follows: 


M, M, 
a. 
= M,. Accordingly 


given 9 = ‘GI, 


Now if an (M,, @) curve (see accompany- 
ing Fig. 1) is assumed such as we know 


exists for cast iron, say as an extreme 
2A. Nadai, Mig ai” ” McGraw-Hill Book .Co., 

128, New York, N. (1931). 

w. and J. A. Hrones, “‘Recent Inves- 
tigations in Plastic tonal Journal " of Applied Me- 
chanics, December, 1937, A163-A169. 

4 Associate Professor 2 “Metallurgical Engineering, 


Department of Chemical and Metallurgical ineering, 
University of Michigan, Ann Arbor, Mich, ~~ 
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case let ed = @ at the end point, then 
S, has a minimum value of Ser 
1 M 
1 3M; 
= 


which is three-fourths of that for the 
elastic case. 

From the foregoing discussion, it would 
appear that your true S, must lie some- 
where between the modulus of rupture 
in torsion and three-fourths of that value. 


For the stress-strain curve of cast iron, 
it is evident that the S, of the formula 
mentioned by Mr. MacGregor gives 
values very close to the values of the 
modulus of rupture in torsion. Proof 
that the modulus of rupture is never less 
than that given in the formula follows: 


For a solid circular shaft 


M; = 


for a given S, the stress at radius r which 
is f (r@) which is BA (accompanying 
Fig. 2) is always greater than for the 
elastic case (CB). 

In obtaining our values we assumed 
the elastic case, which is undoubtedly 
wrong for cast irons. We do not know 
the degree of plasticity, and so the values 
should lie between the ones reported and 
the values for tensile strength. 

Mr. J. M. above 
paper adds quite useful data to those 


ul ty 
Say we assume @ actual as double that alsendy cn 
dM Irons. 
eye + for the purely elastic case, and a The hardness values given in Table IV 
nell the teal of the paper show no relation to the 
the weal, then tensile strength as given in Table II. 
a ont The hardness is constant for the 2.0- , 
~ 1 M, 1.2- , and 0.875-in. diameters, while the 
= (2. + 3M.) tensile strengths vary from 22,533. psi. 
to 34,142 psi., respectively. Can we 
conclude that this is a residual stress 
+ 2M; 16M, ff A d f ti P t 
=—, =—, effect? As regards fatigue, Peterson 
has shown that there is little, if any, size 
tale _ which is identically the modulus of effect with cast iron. In the case of per- 
i. rupture. manent mold iron the present paper shows 


there is a considerable effect due to the 
size of the originalcastbar. Thevery low 
difference found for fatigue under stress 


5 Associate Professor of Mechanical Engineering, 
Engineering Dept., Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

_ §R. E. Peterson, “Stress Concentration Phenomena 
in Fatigue of Metals,”’ Transactions, Am. Soc. Mechanical 
Engrs., Vol. 55, p. 157 (1933). os 
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concentration seems to agree with other 
published results. 

If the authors would advise as to 
location of the fatigue test bars in the 
section of the original bar this would be 
helpful in further studies. 

Mr. SCHNEIDEWIND.—Our work was 
not that refined that we made those 


measurements, but this material was 
fully annealed so we assumed the 
stresses would at least be low. Of 


course, they were not drawn after heat 
treatment, so there might be some 
machining stresses in there, but the ma- 
terial was fully annealed. 

Transverse bars were broken. Fa- 
tigue specimens were made from the 
center sections near the transverse 
fracture. 
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mold cast iron is so rare that I was 
moved to make a little contribution here 
from some data that we had in storage. 

The test bars that were used were 
2-in. diameter chill cast or permanent 
mold cast and had been annealed, and 
tested in accordance with the require- 
ments for test bar C of A.S.T.M. Spec- 
ifications A 48.° The values for un- 
alloyed compositions similar to Mr. 
Schneidewind’s were very similar to his 
values, and when alloyed with a nickel- 
chromium - molybdenum composition 
they ran about 10,000 psi. higher after 
annealing—those were cast gray. When 
the silicon content dropped to about 1.10 
per cent and they came out white and 
were annealed to a sort of malleable, they 
picked up another 10,000 psi. so they 


TABLE I.—COMPARISON OF 3 versus ANNEALED CHILL-CAST TRONS, 


DIAMETER 
Tensile 
Analysis, per cent Br ine Streng th, 
ard- 
ness 
| Total Silicon | Manga-) Sulfur Ph Nickel | Chrom-| Molyb- | \Number| 
| Carbon | nese | phorus denum | 
| | 
| 1.58 | 0.47 | 0.10 | 0.60 |........ Seay | 199 26 300 
3.65 | 1.24 | 0.53 | 0.10 | 0.11 183 29 500 
Ce tee cans «ita 3.59 2.22 0.65 0.09 0.21 | 0.26 | 0.06 0.02 175 30 100 
Chill-cast. . 3.46 2.23 0.64 0.08 0.20 | 0.92 | 0.36 0.69 209 42 500 
Chillcast and annealed. . 3.64 1.15 0.70 0.06 0.18 0.92 0.36 0.72 243 53 000 


I do not believe that residual stresses 
can account for all the differences in 
tensile strength. The size, shape, and 
distribution of the graphite phase and 
differences in grain size of the ferrite 
undoubtedly contribute. 

In malleable iron the process of graphi- 
tization accomplished is accompanied by 
some expansion of graphite. I believe 
some residual stresses in the metal sur- 
rounding graphite are high. On pro- 
longed heating of that type of iron, we 
got germination and enormous grain 
growth around graphite particles. 

Mr. J. S. Vanicx.’—This information 
on the physical properties of permanent 


7 Metallurgist, The International Nickel C 
New York, N. Y. 


were running up around 53,000 psi. ten- 
sile strength—in a 2-in. bar with a struc- 
ture composed of temper carbon—in a 
pearlitic or martensitic matrix. (See 
accompanying Table I.) 

These values were for permanent mold 
cast irons and are particularly interesting 
if you realize, as Mr. Schneidewind 
pointed out, that sand-cast bars in these 
high-carbon compositions may run as low 
as 18,000 to 22,000 psi. tensile strength. 
In these big sections they can be brought 
up to 30,000 psi. in the permanent mold 
casting—40,000 psi. when alloyed and 
50,000 psi. when alloyed and put through 
the tempering anneal. 


8 Standard Specifications for Gray Iron Castings (A 48 - 


41), 1941 Supplement to Book of A.S.T.M. Standards, Part 
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I should like to ask Mr. Schneidewind 
whether he has done any work on 
inoculating these irons, he being an 


expert at that. 


Mr. SCHNEIDEWIND.—I, personally, 
have not done any work on that but I 
know that Max Kuniansky, of the 
Lynchburg Foundry Co., who makes 
permanent mold pipe, has. He is in- 
oculating irons of this general type. 


high purity alloys for a very long time— 
six months. He made those materials— 
they contained about 0.75 per cent 
combined carbon—and sealed them in a 
quartz tube in argon at about a third of 


they came out, one of the tubes, un- 
fortunately, broke, but the other tube 


* Ma of Malleable and Steel 
Castings Co., Cleveland, O 
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which was intact contained a lot of gray 
flakes that were not there when the tube 
was sealed. We did not feel at liberty to 
break the tube before we sent the mate- 
rial back to Carnegie Institute, but it 
turned out that these specimens were 
now something like 0.35 per cent total 
carbon, a drop of about 0.4 per cent. 
The carbon had aot deposited inside the 
metal in that !-ngth of time but had gone 


Mr. H. A. Scuwartz.*—I may be clear out of the specimen and crystal- 
able to throw some light on Mr. lized. The only reason I can think of 
_ - Schneidewind’s suggestion that there for that is the reduction of free energy 
rae might be stresses accompanying which the system would suffer if the 
= 16 graphitization. graphite were removed and went clear 
, _ A year or two ago in some informal to the outside rather than to remain 
an _ things we were doing with Mr. Wells inside under the mechanical forces of 
at the Carnegie Institute of Technology expansion. 

a we offered to anneal some of his very I will trade that statement for a 


question. I should like to ask Mr. 
Schneidewind, what is the yield point 
of gray iron in tension? How is that 
defined? 

Mr. SCHNEIDEWIND.—That particular 


an atmosphere pressure, so when they _ set of tension tests was conducted by our 
“4 were heated to just below the critical Engineering Mechanics Dept., which 
an point the argon was approximately at drew stress-strain curves. They put on 
7 <4 room pressure. We heated two of those their best instruments, and at the 
_ capsules for this six-month period at a deviation from a straight line they 
7 3 temperature of a little under 1400 F. labeled that yield point. 

_ When the samples were examined after Mr. Scuwartz.—Mr. Moore, is that 


yield point proper? 
Mr. H. F. Moore.”—It is not. 


© Professor Materials, University of 
Illinois, Urbana, I 
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THE NOTCH SENSITIVITY OF ALLOYED CAST IRONS SUBJECTED TO 
REPEATED AND STATIC LOADS 


By W. Leicuton CoLtins! AND JAmes O. 


respectively. 

The general impression regarding the 
notch sensitivity of cast iron seems to 
be that it is relatively insensitive to the 
effect of notches when subjected to 
repeated loads, and that on the other 
hand, it is very sensitive to the effect 
of notches when subjected to static 
loads. Notch sensitivity as here used 
means the ratio of the strength of an 
unnotched specimen to the strength of a 
notched specimen. The widespread de- 
velopment and use of a great variety of 
cast irons, many of them designed for 
special uses requiring high strength, 
such as cast crankshafts, or for use to 
resist heat, corrosion, wear, etc., gives 
rise to the question as to how sensitive 
these irons are to the effect of notches 


1 Assistant Professor, and Associate, respectively, 
Department of Theoretical and Applied Mechanics, Uni- 
versity of Illinois, Urbana, Ill 

2 Standard 39 Book of A'S. for Gray-Iron Castings 


(A 48 - 36), 1999 Book k of A.S.T.M. Standards, Part I, p. 


482. 


SYNOPSIS 


Four cast irons of class 20, 30, 40, and 50,2 respectively, and ranging in 
chemical composition from an ordinary gray iron to highly alloyed irons were 
investigated for their sensitivity to the effect of mechanical and corrosion 
notches under repeated and static loads at room temperatures. 
bending, torsional, and axial loading, respectively, it was found that ordinary 
gray cast iron is relatively insensitive to the effects of a notch, but that as the 
static tensile strength of the irons increases the notch sensitivity to repeated 
loading increases; however this tendency is less pronounced for the class 40 
(innoculated) iron tested than for the other irons tested. Contrary to the 
general impression, the four cast irons investigated were found to be insensitive 
to the effects of a notch —- static tensile, compressive, and torsional loads, 


For repeated 


when ames to sae or to static 
loads. 

To provide information to answer this 
question for a variety of irons, (informa- 
tion is available for a variety of steels*: *) 
four cast irons whose analyses are given 
in Table I were used for this investiga- 
tion. Repeated load tests were made 
for completely reversed cycles of stress 
due to bending, torsional and axial 
loads, respectively. Both unnotched 
and notched specimens were used for 
each of the three types of loading just 
mentioned. The notch in the bending 
and torsional specimens consisted of a 
small transverse hole and in the axial 
specimens the notch was a circumferen- 


Dolan, ‘Simultaneous Effects of Corrosion and 
Abru pt Changes in Section on the Fatigue Strength of 
Steel, Br Journal of Applied Mechanics, Vol. 5, December, 
1938, PA. p. 141. 

Leighton Collins and T. Dolan, “Physical 
of Four Low-Allo Strength Steels,” 
woe . Soc. Testing Mats., Vol. 38, Part Il, p. 
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(a) Iron A. 


Etched in 2 per cent Nital (X 100). 
Specimens taken from mid-length of casting at center of one-quarter of cross-section. 


Unetched (X 100). 
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Fic. 1.—Typical Photomicrographs. 


(c) Iron C 
Specimens taken from one-quarter point of thickness near center of casting. 
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tial V-groove. In bending and torsion 
each type of specimen was also tested 
under a stream of fresh tap water whose 
pH factor is about 7.3. Static load 
tests of unnotched and notched speci- 
mens were also made in tension, com- 
pression, and torsion, respectively. The 
notch in the static load test specimens 
consisted of a circumferential V-groove. 

This program of tests to investigate 
the notch sensitivity of cast iron seems 
adequate since the failure of cast iron 
due to the action of loads is nearly 
always by brittle fracture. Hence such 
factors as a triaxial state of stress, low 
temperature, high speed of straining, 
effect of size, etc., which have a tendency 
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as a high-strength nickel-molybdenum 
iron, iron C as a slightly alloyed nickel- 
chromium-copper innoculated iron, and 
iron D asa high-nickel-copper-chromium 
iron of the austenitic type. 

The typical microstructure of each 
iron is shown in Fig. 1. The specimens 
for the photomicrographs came from the 
same location in the thickness of the 
castings as the centers of the test speci- 
mens. A comparison of the unetched 
photomicrographs with the A.S.T.M.- 
A.F.A. Charts for Evaluating the Micro- 
structure of Graphite in Gray Iron® 
indicates that all irons are of type A, 
random orientation of graphite flakes, 
and that, in general, the graphite flakes 


TABLE I.—CHEMICAL COMPOSITIONS. 


sensitive to the effects of a notch, prob- 
ably have little or no effect in rendering 
cast irons more sensitive to notch effects 
than was found for the tests just out- 
lined and therefore are not considered 
in this report. 


MATERIALS 


Iron A is a slightly alloyed ordinary 
gray iron cast in the Machine Labora- 
tories of the University of Illinois. 
Irons B, C, and D are commercially 
roduced irons of three different kinds 
nd were all made under normal pro- 
uction conditions, no special precau- 
tions being made to secure an unusually 
sound iron. Iron B can be classified 


Sulfur, 
| per cent 
Sili- |Manga- \Nickel,| Chro lybde- Cop- | Titan-| Vana-| Ar- 
Material n, | bon, | COM | nese, 2 - per | ™ium,| ‘hum, | Per, | ium, | dium, | senic, 
or | oe | = per a | = per -| cont | per | Per per per per 
[ cent | cent | cent cent . ee cent cent cent cent | cent cent | cent 
2 
= o 
A ‘ 3.32 | 2.56 | 1.75 | O.51 | 0.127) 0.138) 0.48 | 0.04 | 0.01 0.091 | 
B. 3.11 | 2.30 | 2.23 | 0.66 | 0.075) 0.104) 0.10 1.49 | 0.09 | 0.79 0.18 | 0.025 | 0.010 | 0.021 
Cc 2.84 2.10 | 1.52 1.05 | 0.106, 0.124) 0.07 0.20 | 0.31 0.00 | 0.37 | 0.020 | 0.005 | 0.013 
D 2.63 1,96 | 2.14 1.23 | 0.059, 0.065) 0.16 ated 2.09 0.00 | 6.94 0.022 | 0.005 | 0.012 
to render some ductile metals quite are size 4,0.5 to 1.0 in. in length. Irons 


A and D have some flakes over 1 in. 
in length; consequently, for those irons 
some flakes are also size 5. As will be 
noted later, irons A, B, C, and D are, 
respectively, class 20, 50, 40, and 30.? 

The photomicrographs of specimens 
etched in 2 per cent Nital and magnified 
500 diameters, indicate that iron A is a 
medium-coarse pearlitic iron with some 
free ferrite being present; iron B has a 
feathery acicular structure, no free fer- 
rite or pearlite being present; iron C is a 
relatively fine pearlitic iron with no free 
ferrite, and iron D is austenitic, the 


51941 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 300. 
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graphite being at the austenite grain 
boundaries and the irregularly shaped 
areas apparently being of eutectic com- 
position. 

Iron A was a casting 3 by 3 in. in 
cross-section and 56 in. long, cast with 
the 56-in. dimension vertical. Iron B 
was in the form of transverse test bars 
1.2 in. in diameter and 20.5 in. long; 
bars from four heats of the same type 
of iron were used, the’ heat analyses 
being as follows: 


26" 


Static Load Specimens were Similarly 


Located in Another Casting 


Iron D | 
Fic. 2.—Typical Location and Marking of Specimens. 


respectively. 


$8) $8) 28\ 38 
|h |& 14 
1......} 3.05) 2.44) 1.48 
. 2......} 3.14) 2.20] 1.59 
3.22) 0.79)0.111/0.175| 2.09) 1.79 
.| 3.16) 0.69/0.100)0.149) 2.11) 1.56 


vertically cast plates 1} in. thick, 26 
in. long, and 22 in. and 16 in. high, 
All castings for irons A, 
C, and D were poured from one ladle. 


4#@5" 
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64 : 65" 4 be nc 
Bending Fatigue, Long Specimen Unnotched 
6g 


(b) Bend ing Fatigue. Long Notched 
Taper per ft. No.60 Drilled Hole per fF. 


400 


Fatigue, Short Specimen,Unnotched (d)Bending Fatigue, Specimen, Notched 
0300 Polished N0.60 Drilled Hole Polished 


e) Torsional Fotigue, Unnotched Torsional! 


(g) Axial Fatigue, Unnotched (h) Axial Fatigue , Notched 
Std. Threod Thread 00!" rod. 

ARR . 5 Pal 4 ‘ 

br rte Lr 7+ — 
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(k) Stotic Torsion, Unnotched (t) Static Torsion. Notched 
(m) Static Unnotched (n) Static Compression, Notched 
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Fic. 3.—Types of Specimens. 


All fatigue specimens were polished longitudinally with No. 00 emery cloth. 
All static load specimens had tool marks removed with a fine file. 
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or) Test SPECIMENS type of load, etc., could be determined 


Typical locations of spe:imens for readily. 
each iron are shown in Fig. 2. It will The various kinds of specimens used 
be noted that a record of the location of are shown in Fig. 3. The short speci- 


Unnotched 


Notched® 


Bending in Air 


psi 
° 


Unnotched 
Notched 


Bending in Water 


Unnotched 
Torsion in Air 2 


Notched 


» 
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> 
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+ 
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YU 


Unnotched™ 
Torsion in Woter 
Notched 


te Indicates Specimen did Not Fail 


Unnotched 
Notched 


Axial Load in Air 


letel: ed cycles of st 
each specimen in the casting was main- mens were used in bending fatigue when 
tained. The code for marking speci- the quantity of material available was 
mens usually was such that the type of limited. In all other cases the same 
iron, casting number, type of specimen, kinds and sizes of specimeus were used 
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ag 
> 
uu 0000 
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49000 — 
30 000 
20000 


for all irons. For the repeated loads in deep and having a radius of 0.01 in. at 
_ bending and torsion all unnotched speci- the root. 
"mens had a minimum diameter of 0.350 E a) 
in., the notched specimens had a diam- 
© nal eter of 0.400 in., and the notch consisted The machines used for the repeated 


was 0.10 the diameter of the specimen. chines of the Farmer type.® The torsion 
For repeated axial loads the minimum machines® used to produce reversals of 
_ ; diameter was 0.200 in., the size being loads were of the constant-deflection 
governed by the capacity of the type and were designed in the Fatigue 
4 machines; the notch was a circum- Laboratory of the University of Illinois. 


g of a small transverse hole whose diameter bending tests were constant-load ma- 


TABLE Il.—ENDURANCE AND STRESS CONCENTRATION FACTORS FOR COMPLETELY 
EVERSED CYCLES OF STRESS. 
Limit of Unnotched Specimen Tested in Air 
as Endurance Limit of Specimen Tested in Air 
7 Endurance Limit of Same Type of Specimen Tested in Water 
Total Stress-Concentration Factor = K X Ke 
Bending Torsion Axial Load 
= 
rag 
4 Stress- Stress- Endur- 
Type of Endurance Concentration} Endurance Concentration} ance 
Iron Specimen Limit, psi. actor Limit, psi. | Factor Limit, | actor (Strength, 
. (See Note) (See Note) psi. (See psi. 
Note) 
In Air| yt | | Ke |InAir| wi. | | Ke |InAir| K 
4 Unnotched | 9000 | 7000 | .... | 1.29 | 11000} 7900 | .... | 1.25 | 6500/ .... | 22200 
q Notched 8 000 5 000 1,12 1.60 | 8000 8 100 | 1.37 | 0.99 6000 | 1.08 
_— a om Unnoiched | 21000 | 8 0007 | 2.62 | 22000 | 120007 | .... | 1.83 | 19800 53 400 
oh Notched 14000 | 5000 | 1.50 | 2.80 | 16000 | 8.000% | 1.38 | 2.00 | 16400 | 1.21 
“\ “ee Unnotched | 20100 | 16000 | .... | 1.26 | 17100 | 18500¢ | .... | 0.92 | 17000 | .... | 46000 
a “4 Notched 17 000 | 15 000 1.18 1.13 | 14300 | 15 000 1.20 | 0.95 | 13000 | 1.31 
Unnotched 12 000 6 000 2.00 | 12 000 6 0007 2.00 7 100 31 600 
are Notched 7000 | 4000 | 1.71 | 1.75 | 10000 | 60007 | 1.20 | 1.67 | S000 | 1.42 
Failed at 75,000,000 to 88,000,000 cycles. 
» Failed at 246,000,000 cycles 
© 1500 psi. below specimen that failed. Pein sad tel 


4 Estimated for failure at 100,000,000 cycles. 


ferential 60-deg. V-groove having a _ The axial load machines® were also of the 
depth of 0.025 in. and a radius at the constant-deflection type employing a 
root of the notch of 0.01 in. In all the — specially built Moore-Krouse attachment 
static load tests, whether tension, com- to obtain axial loads in the compressive 
pression, or torsion, the nominal diam- ranges of the cycles. The speeds of 
eter at the root of the notch wasthesame these machines are 1450, 1750, and 
as the nominal diameter of the unnotched 1750 rpm., respectively. The tests in 
specimens and was always approximately Corrosion were made by having a small 
equal to 0.500 in. The notch in all the * For ere description see H. F. Moore and G. N. 
static load test specimens consisted of a the Testing atthe 
circumferential 60-deg. V-groove 0.05 in. University of 
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stream of fresh tap water running over 
the critical section of the specimen. 

The static tension tests were made in 
a 100,000-Ib. Amsler hydraulic testing 
machine adjusted to a 10,000-lb. or 
20,000-lb. capacity. The compression 
tests were made in a 100,000-lb. Olsen 
screw-power testing machine, a special 
compression tool’ being used to assure 
axial loading. The static torsion tests 
were made in a hand-operated pendulum- 
type machine designed at the University 
of Illinois and having a capacity of 
5000 in-lb. 


REPEATED Loap TEsTs 


S-N Curves: 

A typical set of S-N curves is shown in 
Fig. 4. The stresses plotted for bending 
and torsion are the nominal maximum 
stresses at the smallest cross-section and 
were computed by the formulas s = 
Mc | 
I 
for material removed in forming the 
holes in the notched specimens. For the 
notched axial load specimens the area, 
A, at the root of the notch was used to 
compute the nominal stress from the 


no allowance was made 


equation s = 
q 


tested in air, 10 to 20 million cycles of 
stress were sufficient to determine the 
endurance limits. In corrosion at least 
50 million cycles of stress were used in 
almost all cases, but (as noted in Table 
II where all the endurance limits are 
tabulated) for iron B in particular no 
stress was reached at which specimens 
did not fail, even though from 75 to 246 
million cycles of stress were applied. 
In other words, there was no “knee” 
in any of the S-N curves for corrosion- 
fatigue of iron B, and the S-N curves 


For the specimens 


7 W. Leighton Collins, ‘‘Compression Testing of Cast 
Iron,” see p. 111. 
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were, in general, straight lines sloping 
down and to the right. It is realized 
that in corrosion-fatigue the S-N curve 
may be a horizontal elongated S, the 
increasing downward slope beyond the 
horizontal portion being due to the 
fact that corrosion is a function of time 
and consequently causes more and more 
damage as time increases. In _ these 
tests however, no attempt was made to 
get a number of cycles larger than that 
required for the S-N curve to become 
horizontal; that is, to get a “knee,” if 
there was one, in the curve. 

The flatness of the curves in Fig. 4 is 
typical for all the irons tested except 
iron B. The flatness indicates that any 
overstressing beyond the endurance limit 
would lead to an early failure, even 
though the overstressing were for a 
short time (small number of cycles) 
only. An attempt was made to cor- 
relate the slopes of the first part of the 
S-N curves with the notch sensitivity 
of the irons, but except in bending, where 
the order of steepness was the same as 
the order for notch sensitivity—steep 
slope meaning high sensitivity, no cor- 
relation could be found. A portion of 
the difficulty may be ascribed to the 
small number of specimens sometimes 
used and the consequent indefiniteness 
of the slopes of the lines. It should also 
be noted, see Fig. 4, that the incre- 
ment of stress between the lowest 
stressed specimen that failed and the 
specimen that “ran out,” did not fail, 
was about 1000 psi.; the one exception 
to this is marked in Table II. 

Notch Sensitivity, Mechanical Notches: 

Along with the endurance limits, in 
Table II, are given the notch sensitivity 
values which are expressed by the stress- > 
concentration factors for repeated loads, per 
K and K.. K is the ratio of the en- 
durance limit for unnotched specimens 
tested in air to the endurance limit for 
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notched specimens tested in air; K. groove) and y #4 measures the stress 
: is the ratio of the endurance limit for concentration due to a chemical notch 
specimens tested in air to the endurance (corrosion). The cumulative or total 
_ limit for the same type of specimen tested _stress-concentration factor due to the 


Kx k- 
4 
aie 


Bending, Notched 
Bending, Unnotched, 


tress-Concentration Factors for Repeated Loods 


99000-30000 50000 60000 70000 

Fic. 5.—Stress-Concentration Factors for Repeated Loads. 


Endurance limit for unnotched specimens tested in air 


oe 4, 7 Endurance limit for notched specimens tested in air 


Endurance limit for specimens tested in air 
“ike K.= Endurance limit for similar specimens tested in water 
K X = Combined effect of stress-concentration factors 


under a stream of fresh tap water. combined damaging effect of a mechani- 
In other words, K measures the stress- cal notch plus corrosion is the product of 


concentration, or damaging effect, due K and K,. 


to a mechanical notch (small hole « or V- To facilitate a comparison of factors 
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K id K. and their product for the 
various irons, the stress-concentration 
factors have been plotted against static 
tensile strength in Fig. 5. In consider- 
ing the stress-concentration factors and 
the variations in their values, it should 
be remembered that the increments of 
stress used to determine the endurance 
limits usually were 1000 psi. and that 
such a variation in endurance limit 
might in some cases cause the stress- 
concentration factors to vary consider- 
ably. The values of K plotted in Fig. 5 
indicate that there is a slight trend to- 
ward higher values of K as the static 
tensile strength increases. The average 
values of K for bending, torsional, and 
axial loading are as follows: 1.19 for 
iron A, 1.36 for iron B, 1.23 for iron C, 
and 1.44 for iron D. The average 
values of K for all three types of loading 
and for all four irons is 1.3. These 
results are, where comparisons can be 
made, in general agreement with the 
results of other investigators.’:* Since 
all failures, regardless of whether the 
loading was bending, torsional, or axial, 
were in tension it seems somewhat 
reasonable that the three respective 
stress concentration factors for each iron 
should be about the same, even though 
the state of stress and distribution of 
stress are not the same for all three of 
the above cases of loading. 


If, in using the formulas S$ = > 
Tc ‘ 
and s = for calculating the bending 


J 
and torsional stresses, allowance is made 
for the material removed in forming the 
hole in computing J and J, the values of 
K for bending, torsional, and axial 
loading average 1.09 for iron A, 1.24 


sj. B. Kommers, “Understressing and Notch Sensi- 
tiveness in Fatigue,”’ Engineering News-Record, Vol. 109, 
pp. 353-355 (1932). 
* A. Pomp and M. Hempel, “Uber das Verhalten von 
Gusseisen und Temperguss unter Wechselnder Bean- 
ruchung,” Mitteilungen, Kaiser-Wilhelm Institut fir 
zu Diisseldorf, Band 22, Lief 11, Abhand- 
lung 402, (1940). 
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for iron B, 1.13 for iron C, and 1.32 for 
iron D. 
Notch Sensitivity, Corrosion Fatigue: 

From Fig. 5 it is also seen that the 
stress-concentration factors for corro- 
sion, K,, for all irons tested, with the 
notable exception of iron C, increase 
with the static tensile strength. The 
values of K, for notched and unnotched 
specimens of any given iron and for any 
given loading are usually approximately 
equal; this indicates that the effect of 
corrosion is independent of the shape of 
the specimen. The average values of 
K.. for both bending and torsional loads 
are as follows: 1.28 for iron A, 2.31 
for iron B, 1.07 for iron C, and 1.85 
for iron D. 

If net cross-sections are used instead 
of gross cross-sections, as in a previous 
paragraph, the average values of K, 
become 1.12 for iron A, 2.01 for iron B, 
0.93 for iron C, and 1.62 for iron D. 

The combined effect of the stress- 
concentration factors K and K,, which 
is measured by the product K X K,, 
varies in the same general manner as 
K,.. The values are plotted in Fig. 5 
in order that the irons can be compared 
readily. In bending and in torsion, 
respectively, the combined effect of 
stress-concentration factors K and K, 
varied from 1.33 and 1.16, for the in- 
noculated iron, C, to 4.20 and 2.76 
for the high-strength iron, B. The 
other irons had intermediate values. 
Such large variations indicate marked 
differences in the resistance of the irons 
to damage caused by corrosion-fatigue 
combined with the effect of a mechanical 
notch. 

In considering the factor K, it should 
be remembered that in some cases, see 
Table II, no specimens “ran out,” that 
is, did not fail; in such instances the 
factors K, are probably too low, but 
the general comparisons indicated by the 
remarks made above still apply. In 
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order that all factors influencing the 
results of the tests can be kept in mind, 
it is also well to recall that the specimens 
for iron B came from the center of the 
casting thickness whereas all other 
specimens came from the quarter point 
of the thickness and that for iron A the 
various groups of specimens came from 
different distances from bottom to top 
of a casting 57 in. long. 

A brief résumé of the data for notch 
sensitivity, both K and K,, reveals that 
the innoculated iron, C, had _ stress- 
concentration factors that were almost 
equal for all types of loads used, that, 
in general, it was a little less notch 


TABLE III.—ENDURANCE RATIOS. 


Endurance ratio = 
Endurance limit of unnotched specimens tested in air 
Static tensile strength of unnotched Specimens — 


Static 


Endurance Ratio 

Tensile | 
Strength, Bend- Tor- Axial Aver- 
= ing sional age 
F aba 22 200 | 0.38 | 0.50 | 0.32 | 0.35% 
Baise. 31600 | 0.38 | 0.38 | 0.22 | 0.38° 
0.44 | 0.37 | 0.37 | 0.39 
53 400 0.39 | 0.41. | 0.37, | 0.39 
Avg. 0.40 | 0.399] 0.369) .... 


® 23,500 psi. for bending and 20,200 psi. for axial loading 
because of variation along length of casting. 
Extreme values omitted. 


sensitive than the more highly alloyed 
irons B and D, that it resisted corrosion 
to a much greater extent than either iron 
B or D and that its values of K and K, 
do not vary greatly from those found for 
ordinary gray iron A. 

Endurance Ratio: 

The ratio of the endurance limit for 
unnotched polished specimens to the 
static tensile strength of unnotched 
specimens is defined as the endurance 
ratio. Values of this ratio for the four 
irons tested are given in Table III where 
the irons are arranged in the order of 
increasing static tensile strength. The 
endurance ratios for iron A, as noted in 
Table III, are based on the tensile 
strength of the iron determined from 
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specimens located at the same sections 
as the repeated load specimens. The 
variation in static tensile strength from 
bottom to top of the long casting of 
iron A, at intervals of about 5 in., was 
25,000, 23,000, 22,100, 22,300, 22,100, 
22,100, and 19,300 psi. For the other 
irons the tensile strengths used are the 
same as those in Table III. Except for 
the high ratio, 0.50, for iron A in torsion 
and the low ratio, 0.22, for iron D in 
axial loading, most of the values of en- 
durance ratio agree closely in numerical 
value, although the ratios usually tend 
to increase slightly as the static tensile 
strength increases. However, since this 
variation is so small and since the nu- 
merical values for different types of loads 
varied somewhat, it seems reasonable to 
state that the average values of endur- 
ance ratio for all irons are 0.40 for bend- 
ing, 0.39 for torsion and 0.36 for axial 
loads; these averages exclude the two 
extreme values, one high and one low, 
previously mentioned. 

It is also seen from Table III that the 
endurance ratios for axial loading are 
usually a little lower than the ratios for 
torsion and bending. Since special ap- 
paratus and great pains were taken to 
insure axiality of loading in the compres- 
sive range, it is believed that the differ- 
ences noted are primarily due to the fact 
that for axial loads the nominal stress 
over the entire cross-section is constant, 
whereas in bending and torsion only a 
small area near the outside of the speci- 
men is stressed to a maximum, or due to 
the small cross-sectional area of the re- 
peated load specimens for axial loads as 
compared to the section of the bending 
and torsional specimens. 

Comparison of Endurance Limits: 

Because endurance limits for torsional 
and axial loads are not commonly deter- 
mined, those endurance limits are ex- 
pressed in terms of the endurance limits 
for bending (completely reversed cycles 
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1S TABLE RATIOS OF ENDURANCE same factors contributing to the low 
All tests are for unnotched polished specimens tested — 2 
e in air. values of endurance ratio for axial load- 
n ‘Ratio, Endurance 20g that have been mentioned previously. 
f Ratio, Endurance} imit for Axial 
Iron | to Endur- Static Loap Trsts 
iS ance im n 
Limit in Bending Bending General: 
0, 
The static load tests were made in an 
Be 1.05 0.94 attempt to study the difference in be- 
1.00 0.59 haviour of specimens having the same 
ua type of notch (circumferential, 60-deg. 
on - 
n V-groove 0.062 in. deep and having a 
we of stress in all cases) in Table IV. Only radius of 0.01 in. at the root of the notch) 
me the data for unnotched polished speci- under tensile, compressive, and torsional 
id mens tested in air are presented because loads and to determine whether values of 
‘le stress-concentration factors, etc., have strength determined in such tests were 
re been discussed separately. altered by the presence of the notch.” 
+2, The ratio of endurance limit in torsion All the static load test specimens had a 
rs to endurance limit in bending varied nominal minimum diameter of 0.500 in. 
on from 1.22 for iron A to 0.85 for iron C; and are shown in Fig. 3. 
the average for all four irons is about Data: 
d The ratio of endurance limit for axial The results of all the static load tests, 
ial loads to endurance limit for bending in which only the maximum loads were 
loads varied from 0.94 for iron B to 0.59 measured, are given in Table V. Before 
we for iron D; the average value for all four discussing the data in Table V, however, 
“ irons is about 0.8. Since for all three _ it is desirable to discuss the types of frac- 
he types of loading the failures were in ten- ture of the various irons when tested in 
a sion it might be expected that both ratios | tension, compression, and torsion. 
just discussed should have an average 
‘ : . 10 J. O. Draffin, Discussion of paper by W. L. Collins 
‘> value of about unity. The low value of and J. 0. Smith, ‘Fatigue and Static, Load Tests of 
igh-Strengt! ast Iron at Elevat ‘emperatures,” 
to 0.8 for axial loading may be due to the Proceedings, Am. Soc. Testing Mats., Vol. 41, p. 808 (1941). 
ee TABLE V.—STATIC LOAD DATA. 
fer- Each value is the average of three tests, except as noted. 
act wn ‘ _ Static Ultimate Strength of Unnotched Specimen 
Strese-Concentration Factor = Ultimate Strength of Notched 
int, Stress-Concentration Factor 
—- Ratio, 
ya Tension Compression Torsion Compres- a 
Type of sive 
ecl- Iron Specimen St th | Rupture to 
Stress Stress | Modulus | Stress t Tew. ensile 
e to Strength,} Concen- | Strength,| Concen- of | Concen- S no Strength 
psi. tration psi. tration | Rupture,!| tration trengt 
re- Factor Factor psi. Factor 
Unnotched | 193008 | ... | .... | 31707 | .... 4.15 1.64 
ling Notched 21 200 0.91 | 108000 | 0.77 | 39100% | 0.81 4.90 1.84 
Bad. Unnotched | 53 400° .... 236.000 84 100 4.42 1.58 
Notched 51 600 1.03 | 270000 | 0.87 | 88500 0.95 5.23 1.71 
Unnotched | 46000 .... | 140.000 | 62600 3.04 1.36 
ona Notched 43 800 1.05 | 193.000 0.73 | 67700 0.92 4.40 1.54 
ter- Unnotched | 31600 182.000 | 43800 5.75 | 1.39 
ex- Notched 32 100 0.98 | 327000 | 0.56 | 49600 0.88 10.2 | 1.54 
mits ® Average from two tests. 
Value from one test; two others were above 47 ,500 psi. 
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1 
Fractures: fractured at random locations inthe con- de 
In the tension test all fractures were stant diameter length. st 
on planes normal to the axis of the speci- Compressive loads caused the m 
‘men, thus indicating a cohesive or sepa- V-grooves in the notched specimens to th 
close as the load increased, thus increas- m 


ing (in addition to the “Poisson ratio” th 
: effect) the effective cross-sectional area. th 
: Consequently the loads resisted by the nc 
. 4 notched compression specimens were lo 
= always considerably greater than for the fa 
unnotched compression specimens which in 
: fractured due to shear on planes making ve 
7 angles of 45 to 60 deg. with the direc- ne 
. tion of the load. It will be noted, by § 
comparing the ruptured specimens shown 
we” in Fig. 6 with the data in Table V, that 
i the greatest ability to undergo large 
:. plastic deformation is associated with the 
oe highest value of compressive strength of 
ao) notched specimens and consequently 
with the lowest stress-concentration 
factor. 
a In torsion all the unnotched specimens 
7 failed in tension on the usual helicoidal 
a planes. It is interesting to note that the 
 « unnotched specimens of iron D twisted 
through almost 90 deg. in a length of 
: 1.5 in. whereas irons A, B, and C twisted 
-7 through angles of only about 7, 14, and 
: 19 deg., respectively. These angles of 
twist correspond to maximum shearing 
unit strains of about 0.25, 0.05, 0.04, 
‘' and 0.02 for irons D, A, B, and C, 
respectively. Static tension tests (not A, 
; - included in this report) of specimens 
re having diameters of 0.800 in. and gage N 
of lengths of 8 in. indicated maximum ten- 
He sile unit strains of 0.0158, 0.0063," st: 
peo. 0.0066, and 0.0053 for irons D, A, B, st: 
ay Notched Unnotched and C, respectively. It is thus apparent sp 
Fic, 6,—Specimens Ruptured by Static Com- that iron D is much more ductile than of 
the other irons and that although the ar 
The notch was a 60-deg. V-groove 0.05 in. deep and 9s 
having a root radius of 0.01 in. Nominal minimum diame- deformation under unidirectional tensile ag 
ee ee stress is about 1.6 per cent and the frac- TI 
gation type of fracture that was due to ture is typical of a brittle material, the sic 
tensile stress. In the notched specimens — irc 
the notch, of course, located the section uJ. O. Draffin and W. L. Collins, “The Tensile Strength In 


: f Cast Iron,” Proceedin s, Am. . Soc. Testi Mats., Vol. 
of fracture; the unnotched specimens $7, Parti p.8811937). 
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deformation under a biaxial state of 
stress, torsion, is about 25 per cent, a 
magnitude which almost approaches 
that found for some so-called ductile 
materials. It is also desirable to note 
that the type of ductility measured by 
the static tension and torsion tests does 
not indicate ability to relieve the high 
localized stresses that lead to fatigue 
failure. The notched specimens tested 
in torsion all failed in shear on the trans- 
verse sections through the roots of the 
notches. 


strength. The average for all irons is 
0.99, thus indicating that the circumfer- 
ential V-groove used had practically no 
effect on the nominal tensile stress de- 
veloped at fracture. These results are 
also in close agreement with the conclu- 
sions reached by the authors for iron C 
tested at various elevated tempera- 
tures.” All of these data and results, 
however, imply that great care must be 
taken to insure axial loading. 

The stress-concentration factors for 
static compressive loads have no orderly 


0.8 — Compression — 

19000 Tension 30000 50 000 

60 000 Compression 140 000 220 000 300000 

Torsion” 50.000 70000 90000 

Strength (Modulus of Rupture for Torsion), psi. 


Fic. 7.—Stress-Concentration Factors for Static Loads. 


Stress-concentration factor is ratio of strength of unnotched specimen to strength of notched specimen. The letters 


A, B, C, D refer to the four irons test 


> 

The stress-concentration factors for 
static loads, that is, the ratio of the 
static ultimate strength of unnotched 
specimens to the static ultimate strength 
of notched specimens of the same iron, 
are given in Table V and are plotted 
against static tensile strength in Fig. 7 
The variation of this factor for the ten- 
sion tests is from 0.91 for ordinary gray 
iron A to 1.05 for the innoculated iron C. 
In general, the stress-concentration fac- 
tor tends to increase with static tensile 


variation with static ultimate strength 
in compression. Instead, they seem to 
vary somewhat as the inverse of the 
ductility as measured by elongation in ‘. 
the tension test; this already has been 
discussed under fractures. The closing _ 
of the notch before fracture occurred also 
explains why the factors are all less than 
unity; the values ranged from 0.56 for 
iron D to 0.87 for iron B. 


uw. L. O. Smith, “Fatigue and Static 
Load Tests of a High-Strength Cast 1 Iron at Elevated 
Temperatures,” Proceedings, Am. . Testing Mats., 
Vol. 41, p. 797 (1941). 
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The stress-concentration factors for 
specimens having a_ circumferential 
V-groove and tested in torsion increase 
as the modulus of rupture for solid, un- 
notched specimens increases (see Fig. 7). 
The values increase almost linearly from 
0.81 for iron A to 0.95 for iron B. For 
all irons the values of the stress-concen- 
tration factors are less than for tensile 
loads and greater than for compressive 
loads. The fact that the stress-concen- 
tration factors are all less than unity 
means that the effect of the notch is not 
to decrease the load an unnotched speci- 
men of the same minimum diameter can 
support, but that due to the change in 
mode of failure from tension to shear the 
load resisted is increased; the amount of 
increase, however, decreases as the 
modulus of rupture of unnotched speci- 
mens increases. 

The reader should be cautioned that 
the above values of K were obtained for 
a circumferential 60-deg. V-groove 0.062 
in. deep and having a root radius of 
0.01 in. If the dimensions of the notch 
or size of specimen are changed, espe- 
cially for the compression and torsion 
specimens, the values of K may be 
changed. 

It is worthy of noting that for un- 
notched specimens the order of increas- 
ing strength under static loads is A, D, 
C, and B for tension and torsion and A, 
C, D, and B for compression. The only 
explanation for the difference in order in 
compression perhaps is that the great 
ductility of iron D permits more adapta- 
tion to accidental eccentricities, or, that 
the iron just “bulges out” more and thus 
gives a greater effective or true area of 
cross-section at failure. 

The ultimate strengths in tension, 
compression, and torsion are compared 
in the last two columns of Table V. In 
general, the results of tests by other in- 
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vestigators® indicate that as the static 
tensile strength increases the ratio of 
compressive strength to tensile strength 
decreases, but the unordered variation 
for the four irons tested and reported on 
herein is probably due to the variety of 
irons investigated. The ratio of modu- 
lus of rupture in torsion, for unnotched 
specimens, to the tensile strength de- 
creases slightly as the tensile strength 
increases; the range in values is from 
1.64 to 1.36 and this variation is in agree- 
ment with the results of tests made by 
other investigators.” 

SUMMARY 

The purpose of this work was to in- 
vestigate and compare the notch sensi- 
tivity under static and repeated loads of 
four different cast irons: iron A a slightly 
alloyed “ordinary” gray iron, iron B a 
high-strength nickel-molybdenum iron, 
iron C an innoculated iron, and iron 
D a high-nickel (austenitic) iron. Due 
to this variety of materials some of the 
variations and relationships observed 
may not apply to all cast irons. The 
conclusions reached are as follows: 
Repeated Luad Tests: 

The repeated load tests consisted of 
completely reversed cycles of stress due 
to bending, torsional, and axial loads, 
respectively. In bending and torsion 
the notch consisted of a small trans- 
verse hole having a diameter 0.10 times 
the diameter of the specimen; for axial 
loading the notch was a circumferential 
60-deg. V-groove 0.025 in. deep having a 
radius of 0.01 in. at the root. In bend- 
ing and torsion both unnotched and 
notched specimens were also tested under 
a stream of fresh tap water. 

1. The number oi cycles of stress re- 
quired to determine endurance limits for 
both unnotched and notched specimens 


13 Cast Metals Handbook, 1940 Edition, p. 366, Am. 
Foundrymen’s Assn. 
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under a stream of fresh tap water was 
usually from 30 to 100 million cycles 
whereas 10 to 20 million cycles were 
usually sufficient for similar specimens 
tested in air (see Fig. 4). 

2. The average values of the stress- 
concentration factor K (ratio of the en- 
durance limit for unnotched polished 
specimens tested in air to the endurance 
limit for notched specimens tested in 
air) for repeated bending, torsional, and 
axial loads, respectively, were as follows: 
for iron A, 1.19; for iron B, 1.36; for 
iron C, 1.23; and for iron D, 1.44. The 
value of K increases with the static ten- 
sile strength of the iron, with the excep- 
tion of iron C which has a relatively 
low notch sensitivity for an iron of its 
tensile strength (see Fig. 5 and Table II). 

The average values of the stress- 
concentration factor A, (ratio of the 
endurance limit for specimens tested in 
air, either notched or unnotched to the 
endurance limit for similar specimens 
tested under a stream of fresh tap water) 
for repeated bending, torsional, and axial 
loads were as follows: for iron A, 1.28; 
for iron B, 2.31; for iron C, 1.07; and 
for iron D, 1.85. The value of K, in- 
creases with the static tensile strength of 
the iron with the exception of iron C 
which has a relatively low notch sensi- 
tivity for an iron of its tensile strength. 

4. The stress-concentration factors for 
corrosion-fatigue of notched specimens, 
K., were usually within +10 per cent of 
the values of K. found for unnotched 
polished specimens (see Fig. 5 and 
Table II). 

6. The ratio of endurance limits for 
unnotched polished specimens tested in 
air to static tensile strengths for all irons 
and for all the loads used can be con- 
sidered to be 0.4. In only three cases 
were differences from 0.4 greater than 
+10 per cent (see Table III). 

7. The ratio of endurance limit for 
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unnotched polished specimens in torsion 
to the endurance limit for similar types 
of specimens in bending, all tests being 
in air, varied from 1.22 for iron A to 
0.85 for iron C; the average value for all 
irons is about 1.0 (see Table IV). 

8. The ratio of endurance limit for 
unnotched polished specimens subjected 
to axial loads to endurance limit for 
similar types of specimens in bending, 
all tests being in air, varied from 0.59 
for iron D to 0.94 for iron B, the average 
value for all irons being about 0.8 (see 
Table IV). 

Static Load Tests: 

All of the specimens used had a nominal 
minimum diameter of 0.500 in. In the 
notched specimens the notch was a cir- 
cumferential 60-deg. V-groove, 0.062 in. 
deep and having a radius of 0.01 in. at 
the root. 

9. The notch used caused the fracture 
in the torsion test to change from tension 
to shear. 

10. The presence of the notch had 
practically no effect on the static tensile 
strength, although the stress-concentra- 
tion factor (ratio of the tensile strength 
of unnotched specimens to the tensile 
strength of notched specimens) did in- 
crease slightly as the tensile strength of 
the iron increased ; the average value is 
unity (see Fig. 7 and Table V). 

11. There was no relation between the 
stress-concentration factor in compres- 
sion (ratio of the compressive strength of 
unnotched specimens to the compressive 
strength of notched specimens) and the 
ultimate compressive strength. The 
unit load supported by the notched 
specimens was greatly influenced by the 
ductility of the material permitting the 
notch to close and thus increasing the 
effective cross-sectional area (see Fig. 7 
and Table V). 

12. The stress-concentration factor in 
torsion (ratio of the modulus of rupture 
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: of unnotched specimens to the modulus 
of rupture of notched specimens) in- 
creased from 0.81 to 0.95 as the modulus 
: of rupture increased (see Fig. 7 and 
‘Table V). 
13. There was no consistent relation- 
_ ship between ultimate strengths in com- 
pression and tension for unnotched 
-- specimens; the values of their ratios 
: varied from 3.04 for iron C to 5.75 for 
iron D (see Table V). 
: 14. The modulus of rupture in torsion 
of unnotched specimens was very nearly 
o* 1.5 times the static tensile strength of 
unnotched specimens. The values 
varied from 1.36 for iron C to 1.64 for 
iron A (see Table V). Ma yng 
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Mr. T. McLean JAspeER! (by letter).— 
The writer is keenly interested in the 
principle of testing applied by the 
authors in arriving at the notch sensi- 
tivity of various materials. It is be- 
lieved that the fatigue notch result 
comparisons are directly applicable to 
dynamic loading of structures and that 
the static notch result comparisons are 
directly applicable to static structures. 
For many years practical engineers have 
become increasingly aware that the 
notch impact bending results could be 
applied only with a great degree of 
caution and that it was a test of ques- 
tionable value which could “‘not be used 
for the quantitative comparison of dif- 
ferent types of materials....In this 
sense the test is to be regarded as little 
more than qualitative so that only the 
larger differences between results are 
important.’” 

With experience in the fatigue and 
static notch comparative type of test- 
ing, it is believed that engineers will 
obtain much help in the application of 
materials to structures, and although 
this method of testing is not new to us, 
the authors have given us valuable 
information on cast iron of various 
strengths. It is to be hoped that more 
tests of this type will be available. 
The question of relative size of specimen 
and notch may be important. 

With reference to the test results, we 
have, in general, felt that a notch was 


1 Director of Research, A. O. Smith Corp., Milwaukee, 
Wis. 
2 This is quoted from Mr. Rosenhain’s summary as 
chairman of Group A and applied to the Notch Bar Impact 
Test Symposium of the International Association for 
Testing Materials at Zurich, 1931. 
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more detrimental to cast iron than the 
results show. Again, tests are more 
valuable than deductions from tests on 
steel. In the curve marked K, is added 
the effect of corrosion-fatigue which is 
an appropriate way of applying this 
factor. I am wondering about the 
curves obtained by multiplying K,. by 
K. How do the authors think this 
applies? 

I wish to compliment the authors on 
making available valuable information to 
our engineering staffs and hope that by 
so doing they may become expert ad- 
visers to our production groups. 

Mr. H. F. Moore*.—I should like to 
offer a comment in connection with the 
tension test results of the cast iron. 
Mr. Collins found that he had a stress- 
concentration factor of about unity. 
That, to my mind, is an indication, first, 
that he was very careful in centering his 
tension specimens, and, second, that 
the form of tension specimen, as shown 
on page 644, which is a form often used at 
the University of Illinois, is a pretty 
good form of specimen. I do not know 
of a much more difficult problem in 
testing than to get a tension specimen, 
especially of a nonductile material, in 
which the actual stress distribution does 
not show a maximum stress of at least 
10 per cent above the mean. There are 
data in English tests, and other tests in 
this country, to support that statement. 
I believe this specimen with its very 
gradual reduction of diameter, cut with 
a tool swung on radius, is quite satis- 


3 Professor of Engineering Materials, University of 
Illinois, Urbana, III. 
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factory. If I were asked to determine 
the tensile strength of cast iron and 
were allowed to choose my own method, 
I should make a torsion test on a hollow 
circular specimen. Cast iron is funny 
stuff; I do not know how you get the 
shearing strength of it unless in a com- 
pression test. The tensile strength you 
get directly, and can get it from a torsion 
test of a hollow specimen, and possibly 
from a test of an I-beam shaped flexural 
specimen with thin edge and flanges. 
Mr. W. Leicuton (author’s 
closure).—The authors greatly appreci- 
ate the kind comments of Mr. Jasper 
relative to their work and appreciate the 
suggestions made for the practical ap- 
plication of the data herein reported. 
The question about the use of the curves 
K X K. of Fig. 5 can be answered best by 
saying that K X K, is a measure of the 
stress concentration factor (damage) 
caused by the particularly damaging effect 
ofa mechanical notchand corrosion. Such 
conditions are not unknown in industrial 


‘ Assistant Professor, Department of Theoretical -_ 
Applied Mechanics, Univ ersity of Illinois, Urbana, I 
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equipment and, in such cases, the 
product of K and K, would be used as 
other stress concentration factors in 


formulas such as s= (K X KF To 


use the numerical values in the paper 
would, of course, mean that the corrosive 
medium, type of notch, etc., would have 
to be the same as those used in the tests. 

Mr. Moore’s statements regarding 
methods of determining various static 
load properties of cast iron emphasize 
the need for more testing if the properties 
of cast iron are to be understood fully. 
The author has made quite a number of 
torsion tests of hollow cast iron speci- 
mens, and, as Mr. Moore suggests, they 
did fail in tension. However, the 
problem is not as simple as it may seem 
because the modulus of rupture in 
torsion is a function of the ratio of wall 
thickness to outside radius for a wide 


range of of values. 

O. Draffin and W. L. Collins, “Effect of Size 
and ype of Specimen on the Torsional Properties of Cast 
Iron,’’ Proceedings, Am. Soc. Testing Mats., Vol. 38, Part 
II, p. 235 (1938). 

asper O. Draffin and W. L. Collins, ‘‘Mechanical 
Properties of a High-Strength Cast Iron, » Proceedings, 
Am. Soc. Testing Mats., Vol. 39, p. 589 (1939). 


A 
> 
_ 
iia 
— 
th 
tie 
m 
en 
12 
‘ «4 fo 
ac 
uy 
En 
5 = 
tie 
— 
4 the 
193 
inc 


per 
sive 
ave 
sts. 
ling 
atic 
size 
ties 
lly. 
of 
eci- 
hey 
the 
eem 
in 
wall 
vide 


f Size 
f Cast 
, Part 


anical 
edings, 


SOME CREEP STUDIES ON CUPOLA MALLEABLE CAST IRON aes 


By J. J. KANTER! AND GLEN GUARNIERI! 


In view of iS apparent lack of creep information on malleable irons,a = 
series of high-temperature studies on cupola malleable cast iron are reported. 
These studies seem to indicate that this material makes a very creditable 
showing in relation to the accepted values for silicon-killed carbon steel, having 
The allowable working stress for malle- 
able iron, based upon creep studies using an established policy of determining 
design stress, justifies 5600 psi. up to 775 F., a value several times that used 
in current designs limited to 450 F. maximum service temperature. 
time fracture tests at high temperature, as well as tension tests at room a 
temperatures on specimens with creep test history, and micrographical 
studies indicate excellent stability for malleable iron. 
growth incident to creep testing show little effect until temperatures of 900 F. 
are reached, and then only a slight growth attributable in part to graphitiza- 
The studies indicate, on the whole, that current 
temperature limitations placed upon the use of malleable iron may be too 


two-thirds creep strength at 800 F. 


tion of residual pearlite. 


conservative. 


It appears that few, if any, data upon 
the elevated temperature creep proper- 
ties of malleable cast irons have been 
made available. Although a few refer- 
ences” may be cited to short-time tensile 
strength values at temperatures up to 
1200 F., no tensile creep strength values 
for malleable iron seem to have gained 
acceptance. This lack of information 
upon which allowable working stress 
values for malleable irons might be based 
at various temperatures may have hin- 
dered engineers in taking full advantage of 


1 Materials Research Engineer, and Metallurgical 
— respectively, Crane Co., Chicago, 

——- on Effect of Temperature on the Proper- 
ties sy tals, published —, by the American 
Society for Testing Materials and The American Society 
of Mechanical Engineers (1931). (Issued as separate 
publication. ) 

3A paper read before the Malleable Iron Division of 
the American Foundrymen’ 's Assn., Chicago, Ill., June 22, 
1933, by H. Ww. Maack, “High Temperature ests of 
Malleable Iron,’’ made reference to a preliminary survey 
of creep strength of malleable iron,—some of the data are 
incorporated in Table III of this paper. 
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this material in high-temperature appli- 
cations. Indeed, the rather unjustified ha 
reluctance on the part of engineers to 
consider malleable iron as a high-tem- ae 
perature material might explain its 
oversight among the extensive creep = 
researches which have extended over all 
manners of metals and alloys. i 
When rating malleable iron for temper- — 
ature service, particularly for pressure- _ 
containing parts such as pipe fittings, — 
engineers seem to have categorically 
placed malleable irons in the same 
bracket as gray iron and entirely dis- _ 
missed it from consideration in favor of — 
steels and expensive alloys. No manu- 
facturer of malleable iron flanges, pipe 
fittings, or valve parts has stated any | 
ratings for temperatures higher than 
550 F. and safety and inspection codes _ 
are even more restrictive at 450 F. 
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Perhaps i in these times when the avail- 
able steel tonnage and capacity for its 
production and fabrication are short of 
fulfilling urgent requirements, a critical 
examination of the properties of malle- 
able iron at high temperatures, with a 
view to widening its use as a substitute 
for steel (as well as brass, bronze, and 
nickel-copper alloys) at temperatures 
above the 450 to 550 F. limits, might 
prove fruitful. 


MATERIAL AND TEST METHODS 
A series of creep studies upon cupola 
malleable cast iron are herein presented, 


TABLE I.—SHORT-TIME TENSILE PROPERTIES OF 
CUPOLA MALLEABLE IRON. 


yr 
« a s 
— 457-49) 80) 41 500 | 21 150 | 30 500 23.8 10/9 | 8 
39 000 | 18 000 | 26 950 | 24.5K 10°) 6 | 5 
457-50 600, 38 700 | 17 950 | 25 500 | 20.8 X 108 | 5 
4587-48) 800; 33 200 | 14 425 | 23 000 | 22:5 X | 5.5) 5 
487-62 1000) 16 190 | 9 300 | 14 500 | 16.0 108 |10.0 11 
Jf we All specimens machined to 0.505 in. in diameter. 
along with certain other data pertinent 
‘to a critical evaluation upon metallurgi- 
_ cal principles of the high-temperature 


usefulness of this product. The mate- 
rial used in these studies is identical with 
that reported upon by Ziegler, Meinhart 
and Deacon in their discussion of 
graphitization.* 

The composition of the white iron 
from which these bars were made was 
reported as follows: 


Manganese, per cent................ 0.47 
Phosphorus, percent................. 0.17 
Graphitic carbon, per cent........... 0.18 
Combined carbon, per cent........... 2.98 
Total carbon, per cent............... 3.16 


| 


After a malleablizing treatment accord- 
ing to regular manufacturing practice 
along with many other castings, the 
total carbon was found to be 2.78 per 
cent, of which 0.005 per cent is estimated 
from microstructure to be combined as 
pearlite. 

Tension test bars were cast and treated 
in accordance with A.S.T.M. Standard 
Specifications for Cupola Malleable Iron 


50000 

Tensile Strengy, 
Stress (0 228 can 

a Enduronce Limit 
* 
a 0.56 of Stress + 
a for 2! per cent Cree 

10.000 12712000 

“Allowable "Working Stress“. 

Achool Stress 
Ea 0 Maximum Working Pressure 

§ 8 10| 
§3 
ae 0 
>. . Impact 
SEE 

0 200 400 600 800 1000 1200 


Temperature, deg. Fahr. 


Fic. 1.—High Temperature Properties for 8 
Cupola Malleable Iron. OF 


(A 197 — 39), which requires a 7} in. 
long specimen with gripping ends ? in. 
in diameter and a breaking section 3 in. 
in diameter by 23 in. long. These were 
machined to specimens with 0.505-in. 
diameter breaking sections with #-in. 
standard threaded ends suitable for both 
short and long-time tension tests. Ten- 
sion tests were made in accordance with 
the A.S.T.M. Tentative Method of Test 


4N. A. Ziegler L. Meinhart and A. J. Deacon 
“Graphitization of in Cupola White 
Transactions, Am. Fogpecymen's Assn., Vol. 49, No. 3, 


1942 
3 Beok of ASTM, Standards, Part I, p. 502. 
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On CREEP STUDIES ON CUPOLA MALLEABLE Cast IRON 
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for Short-time High-Temperature Ten- 
sion Tests of Metallic Materials 
(E 21-37 T)® and Standard Recom- 
mended Practice for Conducting Long- 
Time High-Temgerature Tension Tests 
of Metallic Materials (E 22 —41).’ 


SHORT-TIME TENSILE PROPERTIES 


The tensile properties of the iron used 
in these investigations as determined 
from the unmachined bars as called for 
in the A.S.T.M. Specifications A 197 
are as follows: 


Tensile Elongation 
Yield 
Strength, in 2 in., 
Point, psi. per cent 
Test values....... 43 500 to 33 800 to | 6.0 to 7.0 
49 000 35 000 
quirements...... 40 000 min.| 30000 min.| 5 min. 


In order satisfactorily to determine the 
elevated temperature short-time tensile 


4 
Total Deformation per 10000 hr 


1000 
, per cent 


Fic. 3.—Total Deformation for a 100,00-hr. 
Period as Dependent on Load. 


Norte.—As a basis for these points the creep curves are 
extrapolated from the-secondary creep rates. Expression 
of deformation beyond the capacity of the material to 
elongate is used for the purpose of fixing trends at the 0.1 
per cent ¥.0 per cent values. 


properties, using an extensometer, it was 
necessary to use machined 0.505-in. 
diameter bars. These results are given 
in Table I, where it is to be noted that 
removal of the cast skin has somewhat 
lowered the strength. These results are 
plotted in Fig. 1, including values for 
Charpy impact strength as measured by 
the keyhole notched bar. Due to the 


#1939 Book of A.S.T.M. Standards, Part I, p. 1254. 
Tau to Book of A.S.T.M. Standards 
art I, p. 


KANTER AND GUARNIERI 


approximate numerical equivalence of 
the elongation and reduction of area per- 
centages, these values are both repre- 
sented by a single curve. 


CREEP 


iTtes The results of 15 creep tests are here 


reported. The individual creep-time 
curves for these tests are shown in Fig. 2. 
These curves, representing a total of 
about 23,000 hr. of testing, are the basis 
of the total deformation estimates per 


10,000 hr. of Fig. 3. The stress-de- 
formation curves of Fig. 3 are slightly on 
30 000 
25 000 \ 
/per cent Total Cree, 
20000 \ per 10000 hr. 
15000 
\ 
10000 \ 
O/ per cent Total N 
Creep per 10000 
5000 
500 600 700 800 900 1000 1/00 


Temperature, deg. Fahr., 


Fic. 4.—Creep Stresses for Cupola Malleable 
Tron in Terms of Total Deformation per 10,000 hr. 
for 0.1 per cent and 1.0 per cent Total Creep. 


the conservative side of curves derived 
for rate of creep; due allowance is thereby 
made for the slight permanent growth 
incident to the creep of this material as 
shown further on. Stresses estimated to 
produce 0.1 per cent and 1.0 per cent 
total creep in 10,000 hr. at various tem- 
peratures read from the curves of Fig. 3 
are given in Fig. 4. 


ALLOWABLE WORKING STRESS 


It is of interest to compare these creep 
stresses for malleable cast iron with the 
allowable working stresses established by 
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the A.S.M.E. Boiler Construction Code® 
for silicon-killed carbon steels having 
70,000 psi. minimum tensile strength. 
The stresses there given for ferrous mate- 
rials at high temperatures are in general 
based upon 80 per cent of the accepted 
creep strength (based on 1 per cent de- 
formation per 100,000 hr.) for each grade 
of material recognized. Where castings 
are involved, the Code applies a further 
70 per cent quality factor. For the sake 
of a comparison, let us consider 80 per 
cent of the 0.1 per cent per 10,000 hr. 
total creep values for cupola malleable 


TABLE II—ALLOWABLE WORKING STRESS. 


Stress, psi. 
ture, deg. * Cupola Ratio 
Fahr. Mal- 
leable Stee 1 
Iron | 
600 (| 5600 | 9800 0.57 
650 Based upon ten-}| 5600 9800 0.57 
700 sile strength 1} 5600 9300 0.60 
750 5600 8330 (0.67 
800 | 4760 | 7000 | 0.68 
850 | 50 | 0. 
900 |} Based upon 1340 | 3920 | 0.34 
950 ata 1050 | 2660 | 0.41 
1000 722 1440 0.50 


iron for the range 800 to 1000 F., to 
which is further applied a 70 per cent 
quality factor since we are dealing with 
castings. The ‘‘Allowable” working 
stress curve of Fig. 1 is illustrative of 
this procedure. In deriving allowable 
stresses for the Boiler Code purposes a 
policy is followed, in the case of carbon 
steel castings, of permitting 70 per cent 
of one fifth of the minimum specified 
tensile strength to be used at all tem- 
peratures from —20 F. up to 650 F. 
Above 650 F. this tensile stress curve is 
faired with the discounted creep stress 
curve. Suppose this same policy were to 
be followed in picking allowable design 
stresses for 40,000 psi. minimum tensile 
strength cupola malleable iron, then the 


8 Addenda to A.S.M.E. Boiler Construction _ 
September 30, 1941, Tables U2 or P7. 
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CREEP on Cima Cast 


allowable stress would be 5600 psi., a 
value which fairs with the discounted 
creep stresses in Table II for cupola 
malleable iron at 775 F. At 775 F., the 
creep strength of the cupola malleable 
iron is found to be about 67 per cent as 
great as that accepted for silicon-killed 
carbon steel. Bursting tests on malle- 
able iron pipe fittings indicate that 
existing designs are actually rated to 
operate under temperature at stresses 
well within 5600 psi. (For example: a 


TABLE III.—DUCTILITY OF FRACTURED CREEP 
SPECIMENS OF CUPOLA MALLEABLE IRON. His 


| Time Reduc- 
Speci Ta- | Stress, |for Frac |Elonga- tion of 
peciunen ture, | tion, 
deg. | Pe | ture, |per cent Area, and 
Fahr. | hr. | per cent ys 
457-42 700 30000 | 62 7.0 6.0 ne re 
457-36 goo | 20000 | 207 7.0 | 7.5 Sova), 
190-12% 800 20 000 144 8.0 17.1 
457-35 900 7 500 840 7.5 9.5 br 
457-34 | 900 | 1000 | 456 | 23.0 | 160 
190-107 | 900 | 10000 | 844 10.5 | 12.2 by 
457-41 1000 7500 | 29 10.5 | 11.0 ist 
190-11 | 1200 3 000 | 264 15.0 7.0 f 


* These specimens were preloaded at lower tempera- ‘i 
tures as follows: th 
190-12, 550 ap for 192 hr., 600 F. for 120 hr., 650 F. for 816 7h 
, 700 F. for 864 hr., Total 1992 hr. a ‘ 
190-10, 550 ¥. for 144 hr., 600 F. for 120 hr., 650 F. for 120 ae 
hr., 700 F. for 96 hr., 750 F. for 312 hr., 800 F. ares 
for 120 hr., 850 F. for 984 hr., Total 1892 hr. oe 
190-11, 800 F. for 144 hr., 850 F. for 168 hr., 900 F. for 192 
hr., 950 F. for 432 hr., 1000 F. for 1008 hr., 1050 F. 
for 1200 hr., 1100 F. for 480 hr., 1150 F. for 1344 
hr., Total 4968 hr. 


2 in. tee rated for 300 psi. working pres- 
sure, bursts at 7000 psi. hydraulic pres- 
sure, manufactured from 44,000 psi. 
tensile strength malleable iron. There- 


fore, working stress is approximately 


300 
44,000 X 7000 


upon 5600 psi.). 


or 1886 psi., a 3:1 factor 


STABILITY OF PROPERTIES 


Lest it be argued that cupola malleable 
iron is not stable in its properties under 
creep conditions, Table III is given to 
demonstrate its high temperature duc- 
tility-to-fracture. Not only is the nor- 
mal capacity to elongate retained, but at 
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(a) Original structure showing graphite node (6) After creep testing at 1000 F. under 3000 
ules and residual pearlite. psi. load for 2280 hr., residual pearlite graphi- 
tized. 


(c) Aged at 850 . for 1985 | hr. ete load, (d) After creep testing at under 10,000 psi. 
retaining original structure. load for 2304 hr. at 800 F., and 1344 hr. at 850 F. 


re 


(e) Heated at 1350 F. for '24 hr., air cooled, (f) Heated at + 1400 F. for 24 hr., air cooled, 
re-solution of carbon nil. re-solution temperature exceeded. 


Fic. 5.—Microstructure of Cupola Malleable Iron (> (X150). 


| 
| 
an 
— 
~ 


On CREEP STUDIES ON CUPOLA MALLEABLE CAst IRON 


the higher temperatures a considerable 
increase in ductility is found, indicating 
excellent time-to-fracture strength. 

The capacity of cupola malleable iron 
to elongate under the influence of stress, 
time, and temperatures, even at 1200 F. 
after an exposure of more than 5000 hr., 
gives pause to reflect upon the stability 
against intergranular oxidation conferred 
upon iron and steel by silicon content. 
It has been well established in time-to- 
fracture tests of steels that silicon is a 
specific to correct tendency toward 
“short” high-temperature breaks, due 
to intergranular oxidation. 


TABLE IV.—ROOM TEMPERATURE TENSILE 
OF CREEP TEST SPECIMENS 
F CUPOLA MALLEABLE TRON. 


ahr. 


| 


Yield Stress (0.2 per cent 


Creep Test Stress, psi. 
Creep Test Time, hr. 
| Tensile Strength, psi. 

| Total Elongation, per cent* 


| Proportional Limit, psi. 


38 900 35 700 
000 
20 000 11416 39 000 | 24 950 | 31 400 

7 500 | 1834) 41 000 | 17 500 | 29 750 |10. 

3 000 |2088| 36 800 | 18 900 | 23 900 | 7. 

3 000 | 2280) Impact = 

5 ft-lb. 
| | 
* Includes elongation from creep test. 
Undersized Charpy specimen machined from gage 

length of creep specimen. 


Sao 
win 


457-46 
457-33° 


= 
600 
700 
750 
800 
900 
1000 


be that it is to the silicon content of 
malleable iron that its capacity for sus- 
tained high-temperature ductility is at- 
tributable. 

Several tension tests, as made upon 
specimens with creep test history, are 
shown in Table IV. It is evident from 
these results that at atmospheric tem- 
perature after stress and temperature 
exposure malleable iron continues to 
exhibit good physical properties. The 
microstructures for some of the test 


It may well Pa 


Room Temperature Properties 


mo nO | Reduction of Area, per cent 


specimens used are shown in Fig. 5. 
Again there seems to be little change 
from the original structure, except for the 
evidences of working in the overstressed 
specimens. At the highest testing tem- 
perature represented in these micro- 
graphs, 1000 F., no evidence of re-solu- 
tion of the carbon is found. On the 
contrary, complete graphitization of the 
residual pearlite has occurred. In Table 
V is shown a series of heating tests made 


TABLE \V.—HEAT TREATMENTS TO DETECT 
GRAPHITE 4 CUPOLA MALLEABLE 


ramid Number 


oad 
ramid Number 


emperature, deg. Fahr. 
o 


Py | Time at Temperature, hr. 


Vickers 
at 30-kg 
Vickers 

at 30-kg. 


Air 
Water quenched 
Air 
Water quenched 
Air 
quenched 


Hardness Before Treatment 
Hardness After Treatment, 
Py 


457-37-A 
457-37-W | 
457-40-A 


quenched 


quenched 
Water quenched 
Air 
Water quenched 
Air 
quenched 


ir 
457-38-W Water quenched 


to indicate the temperature of re-solution 
of the carbon in the iron used in these 
creep studies. Apparently no appre- 
ciable solution occurs until a temperature 
of 1350 F. is exceeded, as indicated by 
the hardness medsurements and micro- 
graphs (Fig. 5(e) and (f)). Thus, re- 
solution of carbon in the range of tem- 
perature for the creep studies does not 
seem to be a factor of consequence. 
Neither do the dynamic properties of 
malleable iron appear to be impaired by 
temperature as judged by Charpy key- 
hole notched-bar impact tests. From 


z 


ad 
$ 
3000 
phi- 
Speci 
. 
124 | 1200) 24 
457-4 122 | 1200) 24 
457-4 124 1225| 24 
457-4 120 | 1225) 24 
457-48-A | 120 | 1250) 24 
457-48-W | 121 | 1250) 24 138 
457-49-A 122 | 1275) 24 128 
457-49-W | 122 | 1275| 24 
Fare, 457-42-A 114 | 1300] 24 
457-42-W | 116 | 1300) 24 
457-50-A | 119 | 1325) 24 
457-50-W | 116 | 1325| 24 
0 psi. 
850 F. 
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— 25 F. up to well above 600 F. the same 
values as for room temperature are 
found, a slight decrease commencing at 
about 800 F. The endurance limit of 
this material as shown in Fig. 6 was 
found to be in the neighborhood of 22,000 
psi. The fatigue tests were made on an 
R. R. Moore high-speed machine. These 
results are here given in this connection, 
because a review of the literature failed 
to reveal any endurance limit values for 
cupola malleable iron. In view of the 
magnitude of allowable working stress 
which would be permitted for malleable 
iron castings using a policy similar to 


30 000 
28000 
‘3 No failure 
26000 
24000 
NX 
22000 4 
20 000 + 
10000 ; 1000 000 100 000 000 
100 000 10 000 000 
Number of Cycles 


Fic. 6.—S-N Diagram for Cupola Malleable 
Iron at 80 F. Indicating an Endurance Limit of 
About 22,000 psi. Stress. 


that established by the A.S.M.E. Boiler 
-—Constrcton Code, an endurance limit 
of 22,000 psi. leaves a comfortable mar- 
i gin of safety,—the ratio between 22,000 

4 and the 5600 psi., derived above, being 


PERMANENT GROWTH 


An attempt has been made to estimate 
the permanent growth of cupola malle- 
able iron incident to the creep deforma- 
tion. Where growth has occurred, there- 
fore, the curves of Fig. 2 do not represent 
_ true creep, but instead a summation of 
extension due to both growth and creep. 
_ Measurements have been made upon 


AND — IERI 


and the diametral contraction by the 
formula: 


where 
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certain of the specimens after removal 
from the test furnaces to differentiate 
between the actual creep deformation 
and the amount of growth which oc- 
curred. 


Whe 
ccur, 
raphit 
cceler 


ite 

A creep specimen which has undergone romo' 

only plastic extension, but no change in cceler 
volume, would (from purely geometrical Tind 
considerations) be expected to have train 


undergone a unit lateral contraction 


nder ' 
exactly one half as great as the unit ive st’ 
extension. Should the unit lateral con- 
traction be Jess than one half of the unit ABLE 


extension, it is to be concluded that the 
specimen has sustained an increase in 
volume. Assuming that the volume 
increase or growth is isotropic, it can 
be shown that linear growth may be 
estimated from the total length change 


= length change in creep specimen — 
due to growth in per cent, 

difference between final and orig- — 
inal diameter in per cent, and © 
(contraction expressed 
negative sign), and 

Lr = total length change in specimen 

due to creep and growth in per 


Le 


Dr 


uublicat 


cent. f the 

‘ 
In Table VI are given the linear growth fe a 
estimates for cupola malleable iron ns 
which could be made by this method ie 


from the creep specimens of the present 
investigation. Several growth values 
for the unstressed condition at various 1.’ 
temperatures are given for comparison, 
some of which were previously reported 
by one of the authors in the 1931 Sym- 
posium on Effect of Temperature on the 
Properties of Metals.° 
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Where structural changes in the iron 
cur, as in the case of growth through 
raphitization, the creep rate itself is 
ccelerated and conversely there is defi- 
ite evidence to indicate that strains 
romote processes of diffusion and thus 
ccelerate growth. The data of Table 
‘| indicate that growth in the absence of 
train is not a factor at temperatures 
nder 900 F. However, under the exces- 
ive straining imposed by loads in excess 


ABLE VI.—PERMANENT GROWTH OF CUPOLA 
MALLEABLE IRON. 


3 Total De- 
Specimen é — formation, 
pe per cent 
5 | 
n 
; 1 Sym- | 600; 0 | 20500 0 on 
posium®? 
; 457-35 600; 20 000 | 2 208 |0.03 0.084 
457-40 600) 30000 | 1 944 |0.20 2.20 
457-32 700, 20000} 2 208 0 0.29 
1 Sym- | 750 0 11 600 (0.02 > 
sium* 
457-38 10 000 
457-32 | 20000! 1 416 |0.13 0.21+ (pre- 
vious test 
0.29) 
457-43 800; 7500) 1 834 /0.01 0.052 
457 | 850) 0 1 985 |0.07 waa 
457-44 850) J 0.46(+0.10) 4.16 
1 <7 800 | 
457-39 850 10000} 1 294 0.31 2.20 
31 Sym- | 900' 0 | 20500 |0.26 
posium® | 
457-46 3000; 2088 |0.07 0.228 
457-33 3000) 2 280 |0.40 0.359 
1 Symposium on Effect of Temperature on the Proper- 


s of Metals, published jointly by the American Society 
t Testing Materials and The American Society of Me- 
anical ngineers (1931). (Issued as a _ separate 
ublication.) 


f the yield strength, growth is observed 
pt 600 F. It appears, though, that no 
onsequential growth occurs up to 800 F, 
ht stresses of the magnitude of interest 
Jor design purposes. 


; SUMMARY AND CONCLUSIONS 
} 1. These studies indicate that at 800 F. 
upola malleable iron has about two 


hirds of the creep strength of silicon- 
cilled carbon steel at that temperature. 
. Above 800 F. and up to 1000 F. the ratio 
between malleable iron and steel varies 
between one half and one third. 

2. Were an allowable working stress 


hes 


On ON CUPOLA ABLE 7) AST 


excellent time-to-fracture strength. 


upon these data, using a similar policy to a 
that followed by A.S.M.E. Boiler Code, 
a stress of 5600 psi. is indicated up “— : 
775 F. This stress value is two to four 
times as great as used in present i es. 


maximum service temperature. 

3. Long-time fracture tests at high 
temperature indicate that the ductility © 
of cupola malleable iron is unimpaired. 
Actually greater ductility to fracture is 
observed in the 900 to 1200 F.rangethan 
for tests at room temperature, indicating _ 


4. Tension tests upon specimens with 
creep test history at temperatures up to 
1000 F. show that good physical proper- 
ties are retained. The only significant 
structural change noted micrographically 
is a tendency to complete graphitization 
of residual pearlite. 

5. Data from short-time tension tests, 
Charpy keyhole notched-bar impact 
tests, and endurance limit determina- 
tions for cupola malleable iron of the 
composition used for creep studies give a 
background for interpretation. 

6. No growth occurs up to 800 F. at 
stresses of the magnitude of interest for 
design purposes. At 900 F. and above, 
a slight growth appears, attributable in 
part to graphitization of residual pearlite. 

7. The high temperature studies of 
cupola malleable iron indicate that the 
current engineering temperature limits 
upon the use of this material may be too 
conservative. 
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THE CREEP OF SOME COPPER ALLOYS AT 
ELEVATED TEMPERATURES 
SYNOPSIS 
apis _-‘This paper presents the results of creep tests upon seven wrought copper 
: a at 300, 400, and 500F. The test materials included 70-30 brass, 
silicon bronze (3 per cent silicon), 85-15 brass, naval brass, admiralty brass, 
Hesse os phosphor bronze (5 per cent tin), and 70-30 copper-nickel. These were pre- pf 70- 
' at pared in various tempers to permit evaluation of the effect of grain size in 
a Pi Peer annealed tempers and of degree of reduction in drawn tempers. The 70-30 
7 ge tha brass was investigated in more detail than were the other alloys. 
4 “* The tests were made on samples of 0.125 in. diameter wire, with gage length 
"4 “Tyee of 10 in., in three forced convection, multiple-specimen, furnaces. Duration of 
- sot most of ‘the tests was of the order of 5000 hr., although some tests of special 0-30 br: 
interest were run well beyond this time. The character of some of the creep 
curves which were obtained demonstrates the wisdom of extending creep 
‘pogg testing periods as long as possible. 
os yg Grain size and degree of cold working are important factors in determining 
the creep resistance of these alloys, and in general are fully as important as 55-45 be 
chemical composition. The creep resistance of the hard-worked alloys is 
largely determined by their recrystallization characteristics. If recrystalliza- 
pes tion takes place over a prolonged period, the materials may be very unstable 
_ with regard to creep. Admiral 
Ta: The 70-30 copper-nickel alloy is easily the best of the alloys tested for service 
at elevated temperatures. 


By H. L. Burcuorr,' A. I. BLANK,! AND S. E. MappicAn! 


Silicon b 


Vaval b 


Phospho 


0-30 co 
This paper presents the greater part (4), Tapsell, Johnson, and Clenshaw (5). : 


of the test results obtained thus farina The available data were summarized inf’ « py 
_ program of creep testing of wrought 1937 by the British Non-Ferrous Metal 
copper alloys at elevated temperatures Research Association (6) and in 1938 byffis bel 
which was initiated several years ago in The American Society of Mechanicalcomp 
_ the laboratories of the Chase Brass and Engineers and the American Society forfligibl 
Copper Co. Testing Materials jointly (7). Th 
* _ The creep literature on wrought copper As the single-step tests reported herefin th 
gre alloys, while sparse as compared with were for the most part carried on forfin Fis 
. that on steels, does contain several several thousand hours, it is hoped that§grain 
notable contributions. Among these they will considerably amplify the exist-@may 
may be mentioned the works of Clark ing knowledge. Most of the previously§the < 
and White (1, 2, 3),2 Tapsell and Johnson reported creep tests on copper alloysfnava! 
have been for distinctly shorter periods. Janne: 
ident 


1 Research Metallurgist, Research Assistant, and Re- 
" Con W — — Chase Brass and Copper MATERIALS ters 
nets ?The boldface numbers in parentheses refer to the Materials for the test consisted of the alloy: 


‘reports and papers appearing in the list of references a : . 
pended to p. 689. several copper alloys listed in Table 1 


| 
= 
ea 
\ 
ee 


hese were prepared in the tempers 
hown to permit evaluation of the effect 
if grain size in annealed tempers and of 
legree of reduction in drawn tempers. 
HAll wire was drawn in coils to the final 
diameter, 0.125 in., and was then me- 
hanically straightened and cut to proper 
Jength. Material to be tested in the 
annealed or soft condition was annealed 
in these straight lengths in order that 
hey might be subjected to a minimum of 
distortion before actual testing started. 
It will be noted that two analyses 
of 70-30 brass are listed in Table I. It 


cal for solid-solution alloys at 
ber 


anneals which produced moderate gain 


size, except for the silicon bronze a 
drawn 37 per cent, which was annealed — 


to a grain size of about 0.100 mm. before cae Re 


the final draw. 


TESTING EQUIPMENT AND PROCEDURE at 


The creep tests were made at 300, 400, 
and 500 F. upon the 0.125-in. diameter 
wire specimens, with gage length of 10 
in., in three forced convection, multiple- 
specimen furnaces. The respective fur- 
naces permitted the simultaneous testing 


TABLE 1.—COMPOSITIONS AND TEMPERS OF ALLOYS TESTED. 


Analysis by Weight, per cent 


Temper 


Admiralty brass 
Phosphor bronze......| 94.16 Cu, 5.56 Sn, 0.24 P, 0.01 Fe 


70-30 copper-nickel...| 69.07 Cu, 30.06 Ni, 0.80 Mn, 0.03 Fe, 


(1) 70.45 Cu, 0.01 Fe, <0.05 Pb, 29.54 Zn* 

(2) 69.43 Cu, 0.01 Fe, <0.05 Pb, 30.56 Zn® 
96.34 Cu, 2.80 Si, 0.06 Fe, 0.005 Pb, 0.80 Zn® 
84.79 Cu, 0.004 Fe, 0.002 Pb, 15.20 Zn® 

59.98 Cu, 0.65 Sn, 0.015 Fe, <0.05 Pb, 39.35 Zn® 


71.06 Cu, 0.92 Sn, 0.008 Fe, 0.015 Pb, 27.99 Zn* 


(a) Annealed: 0.200 and 0.022 mm. grain sizes 
(6) Drawn 37% and 84% (coarse grained) 


(a) Annealed: 0.085 and 0.016 mm. grain sizes _ 
(6) Drawn 37% and 84% (fine grained) 


(a) Annealed: 0.100 and 0.008 mm. grain sizes 
(6) Drawn: 37% and 84% 


(a) Annealed: 0.060 mm. grain size 
(b) Drawn: 37% and 84% 


(a) Annealed at 1000 F. 
(6) Drawn: 37% 


(a) Annealed: 0.055 mm. grain size 
(6) Drawn: 60% 


(4) Annealed: 0.050 mm. grain size 
(6) Drawn: 84% 
0.005 Pb; (a) Annealed: 0.020 mm. grain size 
(6) Drawn: 84% 


annealed at 1000 F. appears almost 
identical at a magnification of 75 diame- 
ters. The microstructures of the other 


of 15, 30, and 30 specimens. As the 
furnaces were developed in the authors’ 
laboratory and were of an unusual de- 
sign when first built, their character- 
istics will be described briefly. 

Each furnace consisted essentially of a 
sheet-iron box mounted in a frame of 
angle iron and lined with insulating 
brick to form a long rectangular chamber 
6 in. wide and 20 in. high. Electric 
heaters and blowers were provided at 
each end to heat and circulate the air 
through the furnace chamber. In order 
to produce the complete and positive 


NDING 
= On CREEP CHARACTERISTIC! 
AT 
aw (5). | 
ized inf} By difference. 
938 byfis believed that the slight difference in Pate 
hanicalcomposition of the two lots is of neg- 
iety forfligible significance. 
| The microstructures of the 70-30 brass a 
. 
ed herefin the various drawn tempers are shown “ys 
on forfin Fig. 1 in order that the distinctions in ba: 
ed that grain size prior to the final cold working reek ’ 
e exist{may be appreciated. Figure 2 shows 
viouslyfthe alpha plus beta structure of the is 
alloysfnaval brass as drawn; its structure as 
sriods. 
1 of in the ara ndition were typl- 
“able I. 
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———— (e) Coarse grained, drawn 84 per cent. (d) Fine grained, drawn 84 per cent. 


i Fic. 1.—Microstructures of Hard-Worked 70-30 Brass (X 75). 


circulation required for satisfactory tem: 
perature distribution, a horizontal sheet 
iron baffle extended along the entir 
length of the chamber and formed tw 
paths for the flow and counter flow of the 
air. The test specimens were suspended 
in a row along the center line of the fur- 
nace and passed through holes in the 
horizontal baffle. Load was applied by 
dead weights or by calibrated levers ay 
required. Sponge rubber washers wer¢ 
placed under the specimen supports 
while the furnace itself was set upon rub- 
Fic. 2.—Microstructure of Naval Brass, Draw n 
per cent, Showing Alpha and Beta Grains P' 


5) === measured by means of a telescope fitted 


37 
(Xx 


= 
(6) Fine grained, drawn 37 per cent. 
>. 
i 
q 
ae 
— 
>. 
ha 
| 


with a micrometer eyepiece. Spirit 
levels were mounted on the telescope to 
permit the full accuracy, +0.0001 in., of 
the instrument to be obtained. The 
telescope was sighted through pyrex 
plate glass windows upon lines scratched 
upon two polished monel metal or stain- 
less steel reference blocks which were 
attached to the wire specimen. These 
blocks were carefully arranged next to 
each other at the lower end of the 10-in. 
gage length, the block from the upper 
end being carried down by a wire which 
was of exactly the same material as the 
test wire in order to avoid differences in 
thermal expansion.* This arrangement 
made it possible to observe extension by 
determining the relative displacement of 
the upper and lower gage marks in one 
reading without disturbing the position 
of the telescope. 

Temperature distribution and control 
were well within the limits set in 
A.S.T.M. Standard Recommended Prac- 
tice for Conducting Long-Time High- 
Temperature Tension Tests of Metallic 
Materials (E22-41).4 The greatest 
variation in mean specimen temperature 
was 5 F. and the greatest variation along 
the 10-in. test length of a single specimen 
was 6F. The maximum variations 
occurred in the specimens at the ends of 
the furnaces. Much greater uniformity 
existed in the other specimens. The 
variation in temperature with time that 
occurred in the control cycle was 2 F. 
Control of the two furnaces operated at 
400 and 500 F. was accomplished by 
automatic potentiometer controllers, 
while that of the furnace at 300 F. was 
effected by a mercury regulator. 


2 The accurate determination of the creep of hard- 
drawn wires which recrystallize in the course of testing 
depends in part n any possible effect of stress on re- 
crystallization. the extensive tests of this investigation 
showed that stressed and unstressed wires of the same 
hard-drawn material recrysta!lized in a quite similar 
manner for given conditions of exposure at elevated 
temperature. 

41941 to Book of A.S.T.M. Standards, 
Part I, p. 
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The room temperature physical prop- 
erties of all materials were determined 
before and after exposure in creep tests. 
Specimens were examined microscopi- 
cally for any indication of subsurface 
oxidation or deterioration and, in the 
case of hard-drawn tempers, of recrys- 
tallization or softening. 

Creep test specimens were suspended 
in the furnaces for at least 24 hr. before 
loading. Initial extension was observed 
and then readings were made at suitable 
intervals to define the course of the 
creep or time-extension curve. In some 
of the earlier tests this initial extension 
upon loading was not actually deter- 
mined but was calculated from stress- 
strain curves obtained on material at the 
testing temperature. Duration of the 
tests was of the order of 5000 hr. except 
when it was believed that creep rate was 
proceeding at a steady rate earlier, or 
when creep was excessive. Duplicate 
specimens were employed in most in- 
stances, although the most recent prac- 
tice has favored the use of a greater 
number of stresses for single specimens 
of a given material. 

The normal creep curves obtained 
were analyzed according to the McVetty 
type of formula (8): 


Creep = e, + vt 
where ¢, = a constant (intercept for 0 
time on creep-time plot), 


v = creep rate (slope or tangent 
to creep curve), and 
t = time. 


The creep rate, with a few exceptions, 
was taken from the second stage of the 
creep curves—that in which the rate of 
creep was constant or decreasing only 
slightly. Plotting of creep rate as a 
function of stress on logarithmic scales 
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TABLE II.—RESULTS OF CREEP TESTS. 
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TABLE II.—(Continued). 


| | | 


Stress for Designated 


Testing | Total = | 2 Creep Rate, psi. 
Temper — | Time, | sion, | 68 | | 
Wahe.| hr. | per | 3, |Intercept| Rate 0.001 per 0.01 per 
| cent | cent per 
per cent | per1000 hr. | 1000 hr.| 1000 hr. (1000 hr. 
5 000 9.005 |0.024 | 0.024 2 000 | 
| 5 000 0.014 |0.118 | 0.072 
(| 3000 | 0.019 |0.148 | 0.073 
| 5000 | 0.025 |0.36 0.105 bm 
1500 | 0.032 |0.30 | 0.185 Pe 
Drawn 84 per cent 7 ~ ‘ 
1500 | 0.035 |0.43 | 0.195 
3500 | 0.012 |0.36 | 0.10 300° 
a ae 500 2900 | 0.020 0.83 | 0.18 
260 | 0.048 |0.92 | 0.10 
ay 
2230 | 0.086 |0.062 | 0.055 22.000 
pees 5230 | 0.155 |0.165 | 0.125 
4730 | 9.41 |1,00 | 0.54 
| 24 | 0.49 |0.29 
Drawn 84 per. cent, a $ 060 0.017 9.242 0.126 1 400° 
‘fine grained) -026 |0.594 | 0.180 
4700 | 0.044 1.45 | 0.213 
5000 | 0.010 /0.96 | 0.175 250° 
= J» lee 500 2620 | 0.015 |3.0 0.212 
170 | 0.050 |2.28 
Siticon Bronze 
{| 5000 | 0.059 [0.025 | 9.020 8 500 
! 3290 | 0.060 |0.020 | 0.017 
3630 | 0.150 |0.046 | 0.024 
4500 | 0.57 |0.23 | 0.17 
$000 | 0.61 |0.27 | 0.20 
Annealed—0.100 5 000 1.60 |0.54 0.36 
mm. grain size | 
. | 2230 | 0.014 |0.003 | 0.003 5 #0 
4460 | 0.036 0.009 | 0.904 
| 500 $000 | 0.046 |0.025 | 0.005 
; 5100 | 0.074 0.17 | 0.059 
630 | 0.149 0. 
PORE 4680 | 0.06 |0.02 | 0.015 20 000 
ee 300 4680 | 0.16 [0.13 | 0.086 
5160 | 0.014 (0.027 | 0.018 5 000 
00 3310 | 0.036 |0.085 | 0.038 
Annealed—0.008 | 3290 | 0.052 |0.146 | 0.063 
mm. grain size 5 000 0.085 |0.54 0.175 
4 650 0.009 0.034 0.022 1 700 
: 5 100 .018 |0. .044 
500 5100 | 0.039 0.64 0.235 
wes Pe 30 | 0.076 |2.61 | 0.320 
ate 41 
seo { 4680 | 0.22 0.09 | 0.08 40 000 
\ $200 | 0.60 |0.67 | 0.46 
2200 | 0.020 |0.023 | 0.023 24 000 
5 230 | 0.062 |0.059 | 0.046 
400 5 230 | 0.125 0.14 | 0.101 
4300 | 0.159 0.16 | 0.127 
Drawn 37 per cent 4820 | 0.190 |0.24 0.184 
6 300 | 0.010 |0.046 | 0.006 (2 500 
ix 10000 | 0.014 |0.060 |—0.006 from 
6300 | 0.020 |0.051 | 0.003 abnormal 
500 $080 | 0.030 |0.076 | 0.008 curves) 
5700 | 0.044 |0.200 |—0.034 
5700 | 0.077 |0.460 |—0.32 
4300 | 0.17 |0.09 | 0.07 46 000 
4500 | 0.20 |0. .07 
300 4400 | 0.36 (0.18 | 0.15 
ee 4900 | 0.45 |0.41 | 0.33 
24| 0.55 |0.20 
1900 | 0.021 |0.019 | 0.018 24 000 
5000 | 0.046 0.048 0.041 
Dr. 84 per cent 5100 | 0.066 |0.08 -06' 
$150 | 0.136 [0.15 | 0.12 
5150 | 9.200 |0.25 | 0.19 
5150 | 0.207 | 0.18 
3.600 | 0.011 |0.076 | 0.06 1 500 
2400 | 0.018 |0.154 | 0.10 
3100 | 0.026 |0.36 | 0.16 
1200 | 9.056 |1.34 | 0.17 
Continued on pp. 674 & 675 
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TABLE II.—(Continued). 


| Initial 


Stress for Designated 
Testing Ze Creep | Creep Rate, psi. 
Tem- | Stress, | 2otal | Exten-| 
Temper psi. Time, | sion, | 8 
Bele hr. per |, Intercept! Rate (v), {0.001 per) 0.01 per | 0.1 per 
cent | (6), per cent 000 br. | cent jcent 
per cent per 100hr. | 1000 hr. (1000 hr. 
85-15 Brass 
300 { 4500 | 4500 | 0.023 |0.008 | 0.006 0.0007 | 4900 8 000 CP 
9800 | 4500 | 0.52 |0.55 | 0.44 0.026 oo Se 
Annealed—0.060 
mm. grain size 2050 | 5060 | 0.020 (0.022 | 0.013 0.0019 6 200 1 
400 5040 | 5400 | 0.050 0.047 | 0.015 0.0059 
9120 5060 | 0.56 (0.94 | 0.56 | 0.077 
9900 | 4800 | 0.061 | 0.037 | 0.0024 17 000 
wwe 30 200 | 4800 | 0.198 0.43 | 0.220 0.043 4 
(| 7900 | 5400 | 0.043 0.088 | 0.054 | 0.0066 9 200 
400 8100 | 5400 | 0.044 0.091 | 9.054 0.0069 vie 
Drawn 37 per cent 15 650 4420 0.092 0.33 0.151 0.041 — ak 
a J 
25950 | 2300 | 0.173 |2.37 |—0.080 1.05 
980 | 10370 | 0.009 0.17 | 0.055 | 0.011 we 
500 3050 | 10000 | 0.027 (0.94 | 0.073 0.086 
6050 | 4 | 54 1.06 |—0.70 0.37 
300 { 9960 | 4400 | 0.063 0.033 0.029 0.007 | | 37000 
39700 | 4500 | 0.290 '0.155 | 0.108 0.011 
1040 | 5160 0.005 0.035 | 0.029 0.0011 2 600 
400 3199 | 5000 | 0.017 0.146 | 0.061 0.017 a 
Drawn 84 per cent 4 5 400 5160 | 0,031 4 0.11 0.063 
; 6040 | 5000 | 0.035 |0.4 0.12 0.069 
| | 
= | 960 | 5300 | 0.010 (0.26 | 0.080 | 0.034 é 
a 3 500 1940 | 2950 | 0.018 0.66 0.104 0.19 és : 
2990 | 3650 | 0.025 |2.69 |—0.045 | 0.76" | 
NAVAL Brass 
| 
4000 | 4750 | 0.030 |0.027 | 0.015 0.0026 10 500 
300 10050 | 4500 | 0.067 0.065 | 0.022 0.0096 ad tae 
15100 | 4500 | 0.101 0.127 | 0.048 0.017 
| 1150 | 5000 | 0.007 |0.038 | 0.019 0.0037 1900 5 000 
1575 | 5000 | 0.010 |0.065 | 0.027 0.0075 
400 2800 | 3630 | 0.018 |0.105 | 0.025 0.022 
4180 | 4730 | 0.027 |0.36 | 0. 0.061 
5950 | 4820 | 0.040 |0.96 | 0.035 0.19 
12 900 550 | 0.090 |2.0 
soo {| 730 | 2180 | 0.003 |0.25 | 0.039 0.084 250° 800 
\| 1980 | 1080 | 0.012 |0.81 | 0.032 0.71 7 
" 300 { 4 4750 | 0.036 |0.084 | 0.059 0.0052 9 000 SP 
15050 | 4900 | 0.117 |0.38 | 0.305 0.015 ve 
a 1150 | 5000 | 0.012 |0.056| 0.033 0.0048 3 000 9 000 
ey 1570 | 5000 | 0.016 |0.070 | 0.040 0.0059 
400 2820 | 5160 | 0.027 |0.12 | 0.079 0.0090 BRT. 
Drawn 37 per cent } 5 920 4820 | 0.056 0.37 0.220 0.031 * 
13700 | 1220 | 0.128 |1.2 0.53 0.48 
320 | 1440 | 0.005 |0.09 
500 740 | 2160 | 0.011 |0.48 - 
1160 | 1080 | 0.016 |0.48 
1980 | 900 | 0.029 |1.67 
ADMIRALTY Brass 
(| 4540 | 4500 | 0.016 0.013 | 0.013 | <0.001 
300 12050 | 3380 | 0.062 (0.028 | 0.023 0.0014 
15150 | 4400 | 0.081 '0.053 | 0.042 0.0028 
0 |>2.5 
Annealed—0.055 
mm. grain size 980 | 4980 | 0.003 0.023 | 0.003 | 0.0037 2 200 5 009 
1970 4300 | 0.007 |0.065 | 0.031 | 0.0080 
500 3000 | 4980 | 0.012 (0.137 | 0.034 | 0.021 
4500 | 4300 | 0.021 |0.285 | 0.019 | 0.06 
6150 | 6300 0.033 |1.495 0.350 | 0.295 
Drawn 60 per cent 500 990 | 2950 | 0.010 0.415 | 0.090 | 0.11 900° 
2950 | 2600 | 0.031 |2.570 | 0.340 0.86 
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(Concluded). 


Stress for Desginated 


. Initial | = Creep i 
Testing Stress, | Lotal | Exten- 
Temper Time, | sion, | Og |— 
hr. per | (Intercept) Rate (v), |0.001 0.01 per | 0.1 per 
ee. Fant. cent | 381 (€), per cent | cent per cent per cent 
| | | | | & | percent |per 1000 hr.| 1000 hr. | 1000 hr. |1000 
PuospHor Bronze 
(| 4530 | 5620 | 0.023 |0.005 | 0.003 0.0003 | 11000 
300 10000 | 5620 | 0.058 |0.014 | 0.009 0.0008 
15100 | 5620 | 0.115 0.027 | 0.016 0.0019 
19850 | — |>2.1 — 
Annealed—0.050 | | 
mm. grain size 400 1960 | 4100 | 0.010 |0.009 06.008 9.0003 
| | 4000 | 5400 | 0.017 |0.043 | 0.027 0.0027 
500 1000 5000 | 0.008 |0.923 | 0.005 0.0036 
\| 4970 | 5800 | 0.045 |0.171 | 0.065 0.018 
4580 | 5620 | 0.031 |0.014 | 0.009 | 0.0009 | 5000 | 32000% | 
ie 300 14950 | 5620 | 0.105 |0.065 | 0.047 | 0.0032 ‘Sg 
19800 | 5620 | 0.138 0.097 | 0.075 | 0.0037 -s 
29800 | 5620 | 0.210 |0.157 | 0.112 0.0080 
Drawn 84 per cent 5870 | 5060 | 0.040 0.100 | 0.071 0.0061 7 500 
10400 | 4100 | 0.077 0.211 | 0.131 0.020 ae 
(| 990 | 6300 | 0.010 \0.670| 0.280 | 0.062 2 700 
500 } 3020 | 1780 | 0.034 |2.68 |—0.034 1.534 As 
4960 | 830 | 0.055 |2 } 


| 4550 | 2600 | 0.023 |0.010 | 0.010 | <0.0001 | 24000 
300 15100 | 2600 | 0.087 |0.022 | 0.022 | <0.0001 
19900 | 4400 | 0.86 |0.024| 0.022 | 0.0004 
28450 | 3400 | 3.20 |0.026| 0.019 | 0.0023 
ae { 4980 | 2880 | 0.022 0.004 | 0.004 | <0.0001 
Annealed—0.020 15950 | 4100 | 0.160 |0.007 | 0.006 | 0.0002 
mm. grain size 
(| 4980 | 2780 | 0.030 |o.001 | 9.001 | <0.0001 | 16 000 
10250 | 5000 | 0.062 /0.013 | 0.013 | <0.0005 
500 15650 | 3260 | 0.29 (0.011 | 0.008 0.0009 
21180 | $000 | 1.45 |0.048 | 0.030 | 0.0037 
\| 26500 | 3260 | 2.72 |0.045 | 0.028 | 0.0054 
ais | 300 | 19900 | 3600 | 0.090 |o.018 | 0.018 | <0.0001 
{| 4960 2 760 0.022 |0.014 0.012 0.0007 8 000 
Drawn 84 per cent 500 || 10100 | 4980 | 0.045 |0.029 | 0.025 | 0:0011 
20800 | 4800 | 0.093 |0.033 | 0.023 0.0021 
40 800 | 4800 | 0.182 |0.082 | 0.067 0.0935 


® Rate taken from third stage of creep. 
> By extrapolation. 


provided means of comparison of test 
results. 


DISCUSSION OF RESULTS 


The results of the creep tests are 
shown in detail in Table II. The tensile 
properties of the test materials at room 
temperature before and after exposure 
in the creep tests, as well as notes on 
changes in microstructure, are listed in 
Table III. For the sake of brevity, 
properties after exposure at the elevated 


temperatures are not given in those in- 
stances where no change was observed. 
The results obtained for each material 
have been represented graphically and 
are included in the following discussion. 

Figure 3 is included to illustrate the 
general character of the creep or time- 
extension curves most frequently ob- 
tained in the investigation, for all the 
individual curves cannot be reported 
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TABLE III.—ROOM TEMPERATURE PROPERTIES BEFORE AND AFTER CREEP TESTS. 


Creep Testing Yield 
Strength 
(} per 
cent elon- 
gation), 
psi. 


Tensile | 


Strength, 
i 


Microstructure 


70-30 Brass 


8 500 
0.200 mm. grain ae 
size 


0.085 mm. 
grain size 


grain size 

| 


aye 


Drawn 37 per cent 
(coarse grained) 


t Drawn 37 per cent 
(fine grained) 


3 


Drawn &4 per cent 
(coarse grained) 


sees, 


Drawn 84 per cent 
(fine grained) 


S255: 


alpha grains 
no change 
no change 
no change 
no change Drawn 
alpha grains 

alpha grains 


alpha grains 
hard drawn a 
as drawn ae 
as drawn 
partially recrystailized = < 
partially recrystallized 
partially recrystallized 
partially recrystallized 


Anneal 
mm. 


partially recrystallized 

partially recrystallized 

partially recrystallized 

completely recrystallized to 0.028 mm 
grain size, not uniform 


hard drawn 

as drawn 

as drawn 

recrystallization beginning 

recrystallization substantially complete 

completely recrystallized to 0.014 mm. 
grain size 


hard drawn 

completely recrystallized 

completely recrystallized (0.010 mm.) 
completely recrystallized 

completely recrystallized 


hard drawn 

as drawn 

as drawn 

completely recrystallized 
completely recrystallized (<0. 
completely recrystallized ( 


Annealed—0.100 
mm. grain size 


Annealed—0.008 
mm. grain size 


alpha grains 
\ no change* 


| no change* 


alpha grains 


no change* 
) 


Anneal 
mm. 
no change* 


ase) 


hard drawn Drawa 


as drawn® 


as drawn* 


partially recrystallized® 


Tem 
2 500 55 
6 000 38 
| 2 000 52 
‘ L : 19 000 12 
| 42 000 54 
4 90 48 500 57 
.... | 19000 | 52000 9 
: 
{| 2780 00 
~ | | 0 000 
san 17 900 000 7 
0 10 
26 800 1 
8p 
10 
49 400 6.5 
| a = {| 400 1 000 26 
a 400 5 040 38 
= 300 | 20% 43 
1 060 770}... 69 000 
8770 | 5000] .... 67 000 
17800 | 16 67 500 
1100 | 2900 62 000 
.... | 6$000 | 120000 4.0 
50600 | 4870 | .... | 13050} 4 | 
0 4870 | 127500 
atoo| “seo | | | 
5030 | 5050 68 500 34 mm.) 
» 1480 | 3400/ .... 63 500 | 35 18 mm.) 
Sittcon Bronze Drawn 
{ 9 020 49500 | 65 
| 0 49500 | 63 
(| 217 0 57500 | 49 ive 
; as 0 9 050 57500 | 46 
13300 | 5 200 60 000 47 
| | 5200 | 49 
= ie 8030 | 4900 58 000 4 
800 4900 39000 | 48 
| 400 8900 | 5050 87 000 10 | 
Drawn 37 per cent 2 780 1770 89 000 10 
» 


028 mm. 


-omplete 
014 mm. 


TABLE IIT.—(Concluded). 


Creep Testing 4 
trengt Tensil Elonga- 
Temper Strength, Microstructure 
= Stress, | Time, elon- ; 2 in., 
gation), per cent 
d psi hr. | 
| 
SILICON BRONZE—continued 
48 000 3.5 
300 { 0 4930 147 000 4 } as drawn vie per 
| 
& 
85-15 Brass 
Annealed—0.060 9 000 41 000 47 alpha grains 
mm. grain size 
59 000 67500 | 10.5 hard drawn 
400 { 15650 | 4460 67000 | 13 as drawn 
0 4 460 67 000 12 as drawn 
320 58 500 21 no apparent recrystallization 
“285 500 1 000 8 600 | 45000 | 42 completely recrystallized ate: 
0 8 600 44 000 41 completely recrystallized FS 
67 000 96 500 7 as drawn 
6040 | 5000 52 500 37 almost completely recrystallized 
400 0 5 000 53 500 35 almost completely recrystallized ae ee t 
Drawn 84 cont 1040 | 8980 51 500 34.5 completely recrystallized 
0 8 980 51 500 39 completely recrystallized 
500 { 2990 3 900 47 000 32 completely recrystallized : 
0 3 900 | 49 500 40 completely recrystallized 
NavaL Brass 
30 500 66 000 40 alpha + beta 
300 | 4600 | 4870 65500 | 37.5 sinh + beta + third Phase 7 
=F 5 800 5 000 67 000 32 alpha + beta + thir ase 
a) sling 4} 400 { 0 5 000 66000 | 32 alpha + beta + third phase 
ie ed 500 {| 1950 | 1460 | 66500 | 35.5 | alpha + beta + third phase 
£. ag \ 0 1 460 | 66 000 35.5 alpha + beta + third phase 
... | 66000 | 95000} 10 | alpha + beta—drawn 
300 {} 15050 | 4950 95 000 13.5 | as drawn + third phase a 
yo 4 950 98 000 11 | as drawn + third phase S 
Drawn 37 per cent 400 { 5800 | 5000 92 000 18.5 | partial recrystallization + third phase LORE 
| 0 | $000 90000 | 16.5 | partial recrystallization + third phase > ay 
| 
500 1 900 720 77 500 28 recrystallized + third phase che 
720 78 500 29 recrystallized + third phase 
| gir 
ApMIRALTY Brass tt 
| 
15 500 52000 | 60 alpha grains 
Drawn 60 per cent .. | 71000 | 109000} 6 | ard drawn ne 
Bronze 
4 nealed—0.050 | ae | 20 000 52 000 66 | alpha grains a 
mm. grain size 
Drawn 84 per cent {| 10400 | 4270 | 121 asdrawn 
|| | 4270 | 122000; 5 | asdrawn 
500 3020 | 2200 70 000 35 recrystallization essentially complete 
70-30 Copper NICKEL 
84 percent {| so9/| 4960 | 2780 92090 | 19 
0 2 780 93000 | 10 po 
* Intergranular oxidation at surface. —_ 
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The relationships between stress and 
creep rate for 70-30 brass at 300, 400, 
and 500F. are plotted logarithmically 
in Fig. 4. Except as will be discussed 
hereinafter, the rates were determined 
in the second stage of creep, that stage of 
constant or only slightly decreasing 
rate. It is quite obvious that, as ex- 
pected, the resistance to creep for the 
various tempers decreases as tempera-— 
ture increases. 
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Fic. 3.—Time-Extension Curves at 400 F. of 
Fine-Grained 70-30 Brass, Drawn 84 per cent. 


will be observed that they are actually 
curved and not straight as so often re- 
ported in results of creep tests. The 
time-extension curves on which they are 
based are entirely normal and indicative 
of proper testing technique. Apart from 
this, it is evident that the load-carrying 
capacity of the drawn materials is 
greater than for the annealed materials, 
although for lower stresses annealed ma- 
terial of rather large grain size is superior 
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In examining the curves for 300 F., it 


to drawn material. While there is little 
difference in the curves for the materials 
drawn 37 and 84 per cent, the greater 
strength of the latter is indicated at the 
highest stress, approximately 50,000 
psi. The annealed material with a grain 
size of 0.085 mm. is superior to that 
with a grain size of 0.016 mm. for moder- 
ate and low strésses. As the curves for 


100000 


50000 
p 
5000 


%-FG | 
| 
| 


38 
888 8 


log scale 


Stress, psi., 


0.200mm 


mm 
| 
00005 0005 05 50 
Creep Rate, per cent per 1000 hr., log scale 


Fic. 4.—Log Stress versus Log Creep Rate at 
300, 400, and 500 F. for Annealed and 
Hard-Drawn 70-30 Brass. 


Grain size (mm.) of annealed material and degree of 
reduction (%) of hard-drawn material as_ indicated. 
.G. = coarse grained; F.G. = fine grained. 


the two are beginning to converge at 
the higher stresses, it might be that the 
relationship between them would even- 
tually be reversed. This convergence 
may be associated with the yield and 
tensile strengths of the materials; the 
two highest stresses used with material 
of 0.085 mm. grain size are above its 
yield strength as indicated by the initial 
extension in the creep tests. 

The log-log curves for 400 F. are 
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essentially linear and parallel with but 
two exceptions. The first exception 
is for fine-grained material as drawn 
37 percent. In this case the test results 
as plotted are abnormal and should not 
be compared with the others, for the 
rates involved are taken from the third 
stage of creep. The time-extension or 
creep curves for the material at this 
temperature appear to have entered the 
third stage rather early (Fig. 5). The 
slopes or creep rates at the inflection 
points are extremely low and are not 
applicable over any extended period of 
time. The only practical value from 
this group of tests is therefore to be 
obtained from the third stage of creep. 


might have been expected to lie above 
the curve for the smaller grain size at 
all times. 
titative difference between the two. 


that for the coarse-grained material 
as drawn 37 per cent lies well above the 
others. This material is nominally cap- 
able of carrying stresses far beyond the 
range of the other materials. 
curves for the annealed materials lie 
below substantially in the order of de- 
creasing grain sizes. 
drawn 84 per cent lie below these, and 
the curve for the fine-grained material 
is the lower of these two. 
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Actually there is little quan- 


In this group of curves for 400 F., 


The 


The two materials 


The log-log curves for 500 F. are 
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The abnormality is probably due to 
recrystallization and will be discussed 
later in the paper. 

The second exception with regard to 
character of log-log curves at 400 F. 
is the curve for annealed material with 
0.085 mm. grain size which lies above 
the 0.200-mm. grain size curve. It is 
indicated that it would lie below the 
0.200-mm. grain size curve for stresses 
less than about 3000 psi. It is not 
known whether these two curves would 
cross again at some higher stress or 
whether the 0.200-mm. grain size curve 
would bend off to the right and remain 
below the 0.085-mm. grain size curve. 
The curve for the larger grain size 


essentially straight and parallel wit 
the exception of that for material with 
0.200-mm. grain size. The flatness of 
this curve is due to the fact that the 
points for 2750 and 3680 psi. are from 
the third stage of creep. If it had been 
plotted from rates in the second stage 
of creep, the slope of the log-log curve 
would have been somewhat steeper and 
would not have intersected the 0.085- 
mm. grain size curve. However, the 
second stage was virtually nonexistent 
and the practical value of the test is to 
be obtained from the third stage. Apart 
from this one exception, the parallelism 
of this group of log-log curves is excellent 
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tension Curves at 400 F. of Fine-Grained 70-30 Brass, Drawn 37 per cent. 
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Burcuorr, 


and the positions of the individual curves 
are readily rationalized. They lie in 
series in the order of final grain size. 

Some unusual creep curves were ob- 
tained for the annealed temper, 0.085 
mm. grain size, at 500 F. with stresses 
of 3020, 6000, and 6150 psi. (Fig. 6). 
There is essentially no region of initially 
decreasing creep rate in these; the 
rates first increase and then, for the 
two highest stresses, decrease. It seems 
likely that the rate for the stress of 
3020 psi. would decrease after a longer 


Time, hr. 


Fic. 6.—Time-Extension Curves at 500 F. of 
Annealed 70-30 Brass, 0.085 mm. Grain Size. 


time. The shape of these curves is 
similar to that of creep curves described 
by one of the authors (9) for single 
crystals of 70-30 brass. 

No change in the microstructure of 
annealed tempers of this alloy is ob- 
served after any of the creep tests. 
None of the drawn wires show any 
indication of recrystallization at 300 F., 
but they do undergo the slight increase 
in strength associated with low-tem- 
perature stress-relieving anneals. 
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drawn materials at 400 and 500 F 
is associated with their recrystallization 
characteristics. At 400 F., wire drawn 
84 per cent becomes completely re- 
crystallized in the course of the tests 
and thereafter behaves as very fine- 
grained annealed metal. The initially 
coarse-grained wire recrystallizes to a 
slightly larger grain size than does the 
initially fine-grained wire. Recrystal- 
lization is presumably complete very 
early in the test (10), probably before 
the loads are applied. The alloy as 
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Fic. 7.—Creep Strength,* Grain Size Relation- 
ship for 70-30 Brass. 


* That stress which produces the creep rate of 0.01 per 
cent per 1990 hr. 


drawn 37 per cent with fine grain re- 
crystallizes slowly at this temperature. 
The time at which its recrystallization 
may be expected to begin (10) cor- 
responds well with the inflection points 
of the creep curves (Fig. 5), after which 
creep accelerates. 


published work (10), but recrystalliza-— 
tion did not proceed to completion. — 


The creep in this case did not accelerate 


at any time during the tests. 
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As drawn 37 percent 
with coarse grain, the alloy was ob- | 
served to begin to recrystallize sometime _ 
after 2200 hr., a time in agreement with hen 
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At 500 F. all the drawn materials 
recrystallized completely. That as 
drawn 37 per cent with coarse grain 
was only partially recrystallized after 
1700 hr., but was completely so after 
5000 hr. Recrystallization of the other 
drawn wires was undoubtedly complete 
before load was applied. 

By carrying out the questionable 
steps of extrapolating several stress- 
creep rate curves back to a rate of 0.01 
per cent per 1000 hr. in order to obtain 
values for an arbitrary creep strength 
and by using data upon drawn material 
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Fic. 8.—Creep Strength,* Temperature Rela- 
tionship for Annealed and for Hard-Drawn 70- 
30 Brass. (G.S. = grain size; C.G. = coarse 
grained; F.G. = fine grained). 

* That stress which produces the creep rate of 0.01 per 
cent per 1000 hr. 
which recrystallized at the testing tem- 
peratures, as well as data upon originally 
annealed metal, it is possible to arrive 
at the relationship between grain size 
and creep strength plotted in Fig. 7. 
While these curves would admittedly 
be benefited by data on material of 
intermediate grain size, there are indica- 
tions of a relationship existing at least 
at 400 and 500 F. 

The same values of creep strength 
facilitate evaluation of the effect of 
temperature on comparative creep re- 
sistance of the alloy in the various condi- 
tions as plotted in Fig. 8. 
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Embrittlement of the 70-30 brass 
was encountered in two general condi- 
tions. The coarse-grained wire, drawn 
37 per cent, suffered considerable loss 
in strength and ductility after having 
been stressed at 26,800 psi. at 400 F. 
Intercrystalline parting could not be 
found in the microstructure although 
such a condition was expected. Em- 
brittlement had not developed at lower 
stresses, but it is reasonable to believe 
that it might have after a longer time. 
This is a point to consider before placing 
too much credence in the high creep 
resistance of this temper at 400 F. 
The annealed wire with grain size of 
0.200 mm. was embrittled at all stresses 
used at 500 F. Its loss of strength and 
ductility increased with applied stress. 
There was, of course, no embrittlement 
of unstressed wires. 

From the preceding discussion it is 
evident that the original temper of this 
alloy is a very important factor in de- 
termining its creep characteristics. At 
300, 400, and 500 F. creep resistance of 
annealed material for feasible stresses 
increases as grain size increases within 
the range of normally encountered grain 
sizes. The grain size effect is similarly 
noticeable in drawn materials. In addi- 
tion, the degree of cold working in hard 
materials is important, for it is in- 
timately associated with recrystalliza- 
tion at 400 and 500 F. Coarse-grained 
metal may show nominally high creep 
strength for conditions under which it 
is becoming embrittled by intergranular 
separation and hence may be in danger 
of sudden failure. 

The correlation of creep properties 
at these temperatures is partly at 
variance with the findings of Clark 
and White (2), who reported that 400 F. 
was below and 600 F. was above 


the equicohesive temperature or lowest 
possible recrystallization temperature 
of 70-30 brass and that coarse-grained 
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material was superior to fine-grained 
material at temperatures above 400 F., 


” while the reverse was true at 400 F. 
or lower. 
“at It is known from the results of the 
sh present tests and also from the work of 
= Maddigan and Blank (10), whose long- 
time annealing experiments were per- 
formed in conjunction with these creep 
Ai tests, that the lowest possible recrystal- 
100000 
_+-40.008 mm, 
300F. 
400F. 
S00F. 
or | 10 
005 50 
ee ae ah Creep Rate, per cent per 1000 hr., log scale 
9.—Log Stress versus Log Creep Rate at 
= ee 300, 400, and 500 F. for Annealed and 
for Hard Drawn Silicon Bronze. 
“ry lization temperature of 70-30 brass must 
yo lie below 400 F. The present results 
; indicate that it may be below 300 F. 


if the relative positions of the stress- 
creep rate curves for fine- and coarse- 
grained annealed materials are a cri- 
terion. It can be said that the creep 
strengths of fine- and coarse-grained 
70-30 brass are approaching each other 
at 300 F. and that the finer grained 
metal may have the greater creep re- 


sistance at a lower 


ture. It would at least have a greater 
load-carrying capacity without appre- 
ciable deformation at lower temperatures 
by virtue of its higher yield strength. 


Silicon Bronze: 


The stress, creep rate, and tempera- 
ture relationships for the silicon bronze 
are summarized in the log-log plot of 
Fig. 9 and in Fig. 10. 

At 400 and 500 F., the annealed 
material with grain size of 0.100 mm. 
has higher creep strength than that with 
grain size of 0.008 mm. Although there 
are no data for 0.100 mm. at 300 F., 
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Fic. 10.—Creep Strength,* Temperature 
Relationship for Silicon Bronze. 


* That stress which produces the creep rate of 0.01 per 
cent per 1000 hr. 


the creep strength-temperature re- 
lationship (Fig. 10) indicates that 0.008 
mm. grain size may be the better of the 
two at this temperature. 

There is little difference in creep 
strength of the silicon bronze as drawn 
37 and 84 per cent at 400 F. At 300 F., 
the stress-creep rate curves intersect 
as the harder drawn temper becomes 
superior for high stresses in a man- 
ner similar to that for drawn 70-3 
brass at the same temperature. At 
500 F., the originally hardest material, 
drawn 84 per cent, has the least cree] 
strength of all the tempers. At 30 
and 400 F., the alloy was better 
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éitie than as annealed, but recrystal- 
lization effects lowered the relative are probably due to instability during 
positions of the drawn tempers at 500 F. _recrystallization. The material at high 

Attention is called to the curve for stress has definitely entered the third 


effects to be found in the latter curves 
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the alloy, drawn 37 per cent, at 500 F. stage of creep, that of increasing rate. 
in Fig. 9. The rates plotted were taken At the lower stresses it does the same, 
from the time-extension curves shown but later enters a stage of decreasing 
in Fig. 11. The erratic and abnormal rate. These effects make it difficult to 
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_ Fic. 11.—Time-Extension Curves at 500 F. of Silicon Bronze, Drawn 37 per cent. 
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select rates which reasonably describe 

the behavior of the material. 


No changes in structure or properties 
for any of the tempers were observed 
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Fic. 13.—Log Stress versus Log Creep Rate at 
300, 400, and 500 F. for Annealed and for 
Hard-Drawn 85-15 Brass. 


The wire drawn 84 per cent was found 
to have recrystallized to a very small 
grain size at 500 F., which accounted for 
its low creep resistance at this tempera- 
ture. It did not recrystallize or soften 
at 400 F., nor did that drawn 37 per cent. 
The latter material had not started to 
recrystallize after 1770 hr. at 500 F., 
but there was partial recrystallization 
and considerable softening after 5000 hr 


85-15 Brass: 


The 85-15 brass was investigated as 
annealed with grain size of 0.060 mm. 
and as drawn 37 and 84 per cent. 
Figure 13 shows the stress-creep rate 
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— the exposures at 300 F., except for 


a slight increase in tensile strength of the 
___ wire drawn 84 per cent, which is a normal 
effect associated with low temperature 

 stress-relieving anneals. At 400 and 
500 F. there occurred a slight inter- 
granular deterioration at the metal 
surface, presumably due to oxidation, 
the depth of penetration being as much 
as 0.005 in. after 5000 hr. at 500 F. 


< There was no noticeable difference in 
the depth of penetration in stressed and 
unstressed wires. However, the oxi- 
“ dized grain boundaries in stressed sam- 


ples tended to open (Fig. 12). Some 
loss of tensile 0 a was produced by 
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Fic. 14.—Time-Extension Carves at 500 F. of 85-15 Brass, Drawn 37 per cent. 
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relationships which were plotted from 
the data obtained. 

At 300 F., the order of merit of the 
three tempers is, (a) as drawn 84 per 
cent, (6) as drawn 37 per cent, and (c) 
as annealed. The difference between 
the two drawn tempers is marked. It 
is to be observed from the value for 
initial extension that the higher of the 
two stresses for the annealed material 
was above the yield strength at this 
temperature. 

The 37 per cent draw proved to be 
the most resistant temper at 400 F., 
while the 84 per cent draw was the least 
resistant. The rate shown for the 37 


er cent draw at a stress of 25,950 psi. 
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was salsa: from the third stage of the 
creep curve and represents the practical 
interpretation of the curve. The first 
of the two specimens at this stress 
fractured in 2280 hr., after creeping 
about 2.7 per cent. The fracture was 
intercrystalline and there was much 
intercrystalline parting within the body 
of the specimen. The second specimen 
broke in 2880 hr. 


The 37 per cent draw was also supe- —_ 
rior to the 84 per cent draw at 500 F. 8 mm | 
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ooo joo | ool 0 
2 10000 00005 000505 
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vel “2 \ Fic. 16.—Log Stress versus Log Creep Rate at 
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Fic. 15.—Creep Strength,* Temperature ¢ 
Relationship for 85-15 Brass. = 1,00 nea 
* That stress which produces the creep rate of 0.01 per | s g 
cent per 1000 hr. 
No data had been obtained on wh 
annealed alloy at this temperature. ; > 
For stresses of 980 and 3050 psi. 300 
500 F., the creep rates of the “en 25 1000 2000 3000 
drawn 37 per cent, increased initially . Time, hr 
then decreased and hechmne Fis. at 500 F. of 
constant (Fig. 14). As stressed at 
6050 psi. the course of creep was normal; Re 
the third eas of creep skies developed of the alloy as originally annealed or 
and was maintained for the duration of 28 drawn 37 per cent after the tests at 
the test. These phenomena are quite 300 and 400 F ° — agi hr. at 500 
similar to those for 70-30 brass, drawn , the material are a" cent had 
37 per cent, at 400 F., and to those for softened appreciably although there 
the silicon bronze, drawn 37 per cent, was no apparent recrystallization. After 
at 500 F. The underlying cause, re- 8600 hr., recrystallization and softening 
crystallization and softening, isthesame. were complete. Recrystallization in the 
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The relations between creep strength 
and temperature for the three tempers 
of this alloy are shown in Fig. 15. 

Except for the specimens finished with 
37 per cent draw and tested under 
stress of 25,950 psi. at 400 F., as already 
described, there was no significant 
change in structure or tensile properties 
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alloy as drawn 84 per cent was almost 
complete after 5000 hr. at 400 F., and 
was complete after 8980 hr. At 500 F., 
recrystallization for this temper was 
definitely complete before 3900 hr. 
The recrystallization characteristics of 
drawn materials again account for their 
relative creep resistance with respect 
to each other. 


BurGHOFF, BLANK, AND 


nealed material was unchanged, but its 
elongation in the tension test was less 
than formerly. The drawn material 
was partially recrystallized at 400 F., 
and tensile strength and elongation were 
accordingly affected. At 500 F., there 
was further softening and recrystalliza- 
tion appeared complete. 

With regard to structure, particles of 


Fic. 18.—Annealed Naval Brass Showing Alpha, Beta, and Gamma Phases After Exposure in 


Creep Test at 400 F. for 5000 hr. (X 500). 


Naval Brass: 


Naval brass was investigated as an- 
nealed at 1000 F. and as drawn 37 
per cent. The stress-creep rate curves 
for the two tempers intersect at both 
300 and 400 F. (Fig. 16). That for the 
drawn temper at 500 F. is not shown 
as the creep rate was accelerating for 
all stresses (Fig. 17). 

There was no significant change in 
properties of either temper after testing 
at 300 F., except for slight changes in 
elongation. After exposure at 400 and 
500 F., the tensile strength of the an- 


ts a third phase, presumably gamma, 


were found to have developed in the 
original alpha plus beta structures at 
all the temperatures, 300, 400, and 500 
F. (Fig. 18). The gamma phase is 
due to the presence of tin and is stable 
in the alloy at relatively low tempera- 
tures (11). Its absence in naval brass 
as ordinarily produced is due to the 
greater solubility of tin at commercial 
annealing or hot-working temperatures, 
where only alpha and beta are stable. 


Admiralty Brass: 


The creep data obtained on the 
annealed and the drawn Admiralty brass 
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Bare summarized in Fig. 19. The alloy 
as drawn 60 per cent has obviously 
recrystallized at 500 F. and is behaving 
as a fine-grained, annealed material. 
Of the creep curves from which these 
creep rates were taken, those for the 
annealed material at 500 F. pass into 
the third stage between 500 and 1000 hr. 


for stresses of 4500 and 6150 psi. The 
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Creep Rate, per cent per 1000 hr., log scale 


Fic. 19.—Log Stress versus Log Creep Rate at 
300 and 500 F. for Annealed and for Hard- 
Drawn Admiralty Brass. 
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Creep Rate, per cent per 1000 hr., log scale 


Fic. 20.—Log Stress versus Log Creep Rate at 
300, 400, and 500 F. for Annealed and for 
Hard-Drawn Phosphor Bronze. 


tates for these stresses were taken from 
the third stage. ses 
The stress - creep rate data obtained 
for the annealed and the drawn phosphor 
bronze have been plotted in Fig. 20. 
The creep rate of the annealed material 
at 300 F. was very low, lower than for 
the drawn temper, for stresses of 15,000 
psi. or less. When stressed at 19,850 
psi. at 300 F., the immediate extension 
was greater than 2 per cent and no 


creep data were obtained. Comparison 
of the two tempers at 400 F. is difficult 
because of the lack of sufficient data. 
At 500 F., the annealed condition is 
easily the better of the two. 

The structure and tensile properties 
of the annealed bronze were essentially 
unaffected at 300, 400, and 500 F. 
The drawn alloy was partly softened 
after 4270 hr. at 400 F. although there 
was no indication of recrystallization 
in the microstructure. At 500 F., 
recrystallization was practically com- 
plete after 2200 hr. 
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Fic. 21.—Log Stress versus Log Creep Rate at 
300 and 500 F. for Annealed and for 
Hard-Drawn 70-30 Copper-Nickel. 


70-30 Copper-Nickel: 


The creep characteristics of the 70-30 
copper-nickel alloy are shown in the 
stress - creep rate curves of Fig. 21. 
The creep rate of the alloy as annealed 
was almost negligible at 300 F. for 
stresses of 19,900 psi. or less; the initial 
extension indicated that 19,900 psi. 
exceeded the yield strength of the ma- 
terial under these conditions. At 500F., 
the creep rate was only 0.0054 per cent 
per 1000 hr. at 26,500 psi., a stress far 
above the yield strength of the metal 
at this temperature. 

The creep resistance of the drawn 
material is exceptionally good at 500 F. 
Although its creep rate is greater than 
for the annealed material for stresses 
below about 10,000 psi., it is much 
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superior at higher stresses. A stress of 
40,800 psi. produced a creep rate of 
only 0.0035 per cent per 1000 hr. after 
4800 hr. 

There was no significant change in 
the structure or tensile properties of 
the alloy either as annealed or as drawn 
in testing at 300, 400, and 500 F. It was 
unique among the alloys investigated, 
in that it did not recrystallize at all at 
500 F. It is well known that this 
alloy has a_ higher recrystallization 
temperature for ordinary annealing pe- 
riods than most other copper alloys. 


4 EFFECT OF ALLOY COMPOSITION 


Tt is obvious from the test results 
that the 70-30 copper-nickel has the 
best creep resisting characteristics of 
the alloys tested. Quantitative com- 
parisons of the creep resistance of the 
other alloys are difficult to make because 
of the importance of the factors of grain 
size for annealed tempers and of both 
grain size and degree of final reduction 
for cold-worked tempers. Additional 
data are required. However, it ap- 
pears that naval brass is inferior to 
70-30 brass. The silicon bronze is 
definitely, and the Admiralty metal and 
phosphor bronze may be slightly, supe- 
rior to 70-30 brass. The 85-15 brass is 
in some respects better than the 70-30 
brass. It should be remembered that 
at 400 and 500 F. the silicon bronze 
suffers an intercrystalline deterioration 
at the surface, which is independent of 
stress. 


SUMMARY AND CONCLUSIONS 


ek Grain size and degree of cold 
working are important factors in de- 
termining the creep resistance of these 
copper alloys, and in general are fully 
as important as chemical composition. 

2. Creep resistance of annealed 70-30 
brass for feasible stresses increases with 
grain size at 300, 400, and 500 F. 
This is partly in agreement with previ- 
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ously published information, but defi- 
nitely lowers the known temperature at 
which coarser grained metal becomes 
superior to fine-grained metal of this 
composition. 

3. The creep resistance of these alloys, 
finished by a cold working operation, 
is largely determined by their recrystal- 
lization characteristics. If they re- 
crystallize within a short time at ele- 
vated temperature, they behave as 
annealed materials. If recrystallization 
takes place over a prolonged period, 
the materials may be very unstable 
with regard to creep. If no recrystal- 
lization occurs, the creep resistance 
may be high, but on the other hand, 
intercrystalline parting may embrittle 
the metal. In the last case recrystalliza- 
tion would probably begin after an 
exceedingly long time. 

4. Very coarse grained metal, either 
as annealed or as cold worked, may be- 
come embrittled and in danger of sudden 
failure under conditions where it ap- 
pears to offer high resistance to creep. 

5. The structure of naval brass at 300, 
400, and 500 F. is characterized by the 
formation of a third phase, presumably 
gamma. 

6. The wisdom of extending the creep 
testing period as long as possible is 
clearly evident. 

7. The 70-30 copper-nickel alloy is 
easily the best of the alloys tested for 
service at elevated temperatures. 
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H. B. Oattey! (presented in 
written form).—As mentioned by the 


. 2 authors, there has been a comparatively 
oe | small amount of creep test data for non- 
ae ferrous materials and a great deal of 


ot what has been made public is not always 
ld easily comparable due to a lack of uni- 
formity in procedure, equipment, and 
methods in the various research labora- 
tories both here and abroad. The prog- 
ress towards standardization in such 
procedures, as evidenced by the speci- 
fications of the A.S.T.M., should make 


ah data that are now becoming available 
ae, of even greater value because of closer 
Em conformity to standard practices. 

The increasing use at moderately ele- 


vated temperatures of non-ferrous mate- 
rials has been of increasing and wide- 
spread growth in recent years. The 
need, therefore, of reliable data disclos- 
ing creep stress values has become more 
necessary. The determination in con- 
struction codes, of maximum allowable 
working stresses in order that reasonable 
safety to pressure vessels making use 
of non-ferrous materials may be more 
rational, has been urgently needed. It 
is hoped that more data of a value com- 
parable to the value of the data con- 
tained in the paper under discussion 
will be forthcoming in the not far dis- 
tant future. 

Mr. J. J. Kanter.*—I want to ex- 
press appreciation for the very useful 
data which the authors of this paper have 
made available. It represents an im- 
pressive amount of work and indeed is 
much needed. 


5 

— 


1 Vice-President, The Superheater Co., New York, N.Y. 
2Materials Research Engineer, Crane Co., Chicago, Ill. 
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There has been some question as to 
the high temperature usefulness of 
silicon bronze. The micrograph which 
the authors show revealing the surface 
oxidation effect is quite pertinent to 
interpreting difficulties arising through 
the use of this alloy. 

In interpreting data given for the 70- 
30 copper-nickel alloy at temperatures 
of 300, 400 and 500 F., the authors con- 
clude that this alloy has outstanding 
high-temperature strength. However, 
there have been serious proposals t 
standardize working stresses for thi 
alloy up to 750 F. Since the autho 
have stated the conclusion in their pape 
that the 70-30 copper-nickel alloy i 
easily the best of the alloys tested at 
elevated temperatures, more data bear 
ing on long-time rupture ductility fo 
this material above 500 F. would b 
desirable. It would be pertinent t 
have an expression from the authors a 
to the importance of long-time rupturd 
ductility for copper-base alloys in evalu} 
ating their high temperature usefulnesg 
under stress. 

Mr. H. L. Burcuorr.*—Mr. Kanter 
has raised the question of use of 70-3 
copper nickel at temperatures up t 


750 F. While the results of our test 
upon this material show that it has hig 
resistance to creep at 500 F., they shoul 
not be extrapolated to higher tempera 
tures. Use at such higher temperature 
should be based upon experience 0 
actual test. There are some publishe 


?Research Metallurgist, Chase Brass and Copper C 
Waterbury, Conn. 
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creep data‘, based upon tests of 1000-hr. data on this and any other material, 

_ duration, which indicate that the alloy for they would give information on the 

_ may have useful creep resistance at possibility of sudden and unexpected 

ss TOF. failure in the case of a material with low 
Data on long-time rupture ductility long-time rupture ductility or of gradual © 
would be valuable additions to the creep and predictable failure in the case of a | 


‘A.S.M.E.—A.S.T.M. Compilation of Available High- Material with high long-time 
Temperature Creep Characteristics of Metals and Alloys 


(1938). 
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DISCUSSION ON CREEP. CHARACTERISTICS OF SOME COPPER ALLOYS 
Bic 
| 
4 
i“ 


FATIGUE TESTING OF ZINC-BASE ALLOY DIE CASTINGS 

SYNOPSIS 
= Fatigue tests were conducted on die-cast specimens of several zinc-base die- 
ss casting alloys to satisfy the occasional demands for these values. hae 
% The specimens were subjected to three aging conditions before testing: = 


6 months at room temperature; 6 hr. in 95 C. dryair;andSdaysin95C. steam. 
The testing was done at 25+1 C. at a speed of 1600 cycles per minute in _ 

a flexure-type machine. The majority of specimens were } in. thick but a few bead 

were } in. thick. The results were checked superficially by rotating canti- 


lever-beam tests. The endurance limit was arbitrarily chosen as the greatest aa 
stress not causing failure at 100,000,000 cycles. Each point on the S-N curve Kis ‘ 

was the first failure in a 20-specimen test at the same stress. ~ “a 

The flexure fatigue limits determined are compared with tensile values: Bs 2B a 

. Endurance Limit, psi. ae 

Treatment 

Zamak-2 Zamak-3 Zamak-5 = 

Aged 6 months at temperature................... 8 500 6 875 8 yt ee 

Exposed days in 95 C. steam tank... 6 200 5 950 5 7008 

Tensile Strength, psi 

= Extrapolated value. 


The few tests on }-in. specimens failed to indicate a significant difference t Pete 
due to specimen size. The rotating beam tests indicated only that the rae FE 
flexure tests were on the conservative side. pe: 

Since the endurance limits were established on the basis of the first failure as 
in 20-specimen tests, it is believed that a factor of safety of 1.20 to 1.30 should “Tet 
be adequate for engineering calculations. 


. . : ? The compositions of Zamak-2, -3 and -5 compare with 
The wy of = those of ASTM. alloys Nos, XXL XXII, and XXV, 
respectively ‘entative Speci cations for Zinc- 
castings: as result in their occasions. Base —, ~ Casti (B 86 - 41 T), 1941 Supplement 
application as members subjected to to Book of AS.T.M. Standards, Part I, p. 544). The 
compositions were as follows: 
repeated stresses. To aid in designing = = ~~ 


such members and also to provide a j=  $ASTM. ASTM. ASTM. 
basis of comparison for alloy develop- = 
ment work, it was decided to determine Aluminum, per cent 3.5 to 43 3.5 to43 
“oper, 25t03.5 0.10max. 0.75to1.25 
the fatigue properties of die-cast  ygPPet, percent 
agnesium, per cent. 0.02to0.10 0.03 to0.08 0.03 to0.08 
4 Iron, per cent, max. 0.100 0.100 0.100 
Zamak-2, -3 and -S* after various Lead, per cent, max 0.007 0.007 0.007 
treatments. Tin, percent,max.... 0.005 0.005 0.005 
tei Cadmium, per cent, 
1 Research Division, The New Jersey Zinc Co. (of Pa.), eee 0.005 0.005 0.005 


Palmerton, Pa. Zinc, per cent........ remainder remainder remainder 


: 
1 
ay 
= 
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A number of different aging conditions 
were used at first, but because of the 
limitations of the testing equipment this 
number was reduced to the three which 
seemed most important, namely, (1) a 
room temperature aging of six months, 
(2) an accelerated aging at 95 C., and 
(3) an accelerated corrosion treatment in 
a steam tank. 

Flexure fatigue tests were run at a 


ik 


ON ZINCc-BAsE ALLoy Die CASTINGS 


and other stress raisers such as notches, 
scratches, and porosity. 
it was still possible to establish a tenta- 
tive endurance limit. 

For comparison with these results, a 
few rotating-beam fatigue tests were run 
at a temperature of 25 + 1C. ona 
cantilever-type machine designed by th ie 
Bell Telephone Laboratories. Thespec- 
imens were nominally of }-in. diameter. — 


/ | Test \ 
hSection \ 
0.414" 
Parting Line of Die 
to be on this Center line 
Fic. 1.—}-in. Die-Cast Fatigue Specimen, Flexure Type. 


The 2-in. radius fillets must join the tapered portion without an abrupt break. 


temperature of 25 + 1 C. on a machine 
designed by the Bell Telephone Labora- 
tories, using specimens of }-in. thickness. 
A few tests were also run using specimens 
of }-in. thickness. 

For each alloy and each treatment, 
tests were run at different stresses until 
enough points had been obtained to 
draw the S-N curve to at least 
100,000,000 cycles. The endurance limit 
was defined arbitrarily as the greatest 
stress not causing failure in 100,000,000 
cycles. In some cases it was not pos- 
sible to draw a smooth curve be- 
cause of erratic results caused by 
defects such as bent specimens, corrosion 
(in some steam exposure specimens), 


The flexure fatigue endurance limits 
fo the three alloys for three types of 
treatment were determined to be as 


follows. Tensile values are shown for 
comparison. 
Endurance Limit, psi 
Treatment 


Aged 6 months at room tem- 


perature. . 8500 | 6875 8175 
Annealed 6 hr. in “dry air at. 
RS eras 8 000 6 500 7 675 
= oh 5 days in 95 C. steam 
ine 6200 | $950 | 5 700° 


Tensile Strength , psi. 


52 100 | 41 000 | 47 600 
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Since 20 specimens were tested under 
each set of conditions (alloy, treatment, 
stress), and since the above endurance 
limits were derived from the first failure 
in each test group (that is, the poorest 
specimen of the 20 tested), it was 
thought that the above figures were con- 
servative and that a safety factor of 
1.20 to 1.30 should be adequate for 
engineering calculations. 

The above data were checked with a 
small number of flexure fatigue tests on 
%-in. thick specimens. These failed to 
indicate any significant effect due to 
differences in specimen size. The few 
rotating-beam tests indicated only that 
the flexure fatigue data were on the 
conservative side. 


FLEXURE FATIGUE TEST 
Design of Specimen: 


The test specimen was designed so 
that the stress reached its highest value 
in the test section, which was a portion 
of a uniform strength cantilever beam 
and therefote had a uniform stress. 
Details are shown in Fig. 1. 


Preparation of Specimens: 


Casting.—The specimens were die cast 
in a commercial plunger-type machine 
operated at a pressure of 1500 psi. 

A considerable amount of die develop- 
ment work was done before sound speci- 
mens of uniform strength could be cast. 
This involved principally changes in 
gates, overflow wells, and water cooling. 
It was also necessary to alter the shape 
of the cavity in order to insure that a 
majority of fatigue breaks would occur 
in the test section. 

Metal and die temperatures were con- 
trolled for optimum casting conditions 
as follow: 


Zamak-2  Zamak-3 Zamak-5 
Metal temperature... 4104+5C. 41045C. 410+5C. 
Die temperature .... 24545C. 18545C. 18545 C. 


Aging.—If the alloys had been tested 
immediately after casting, aging changes 


affecting the dimensions and physical 
properties of the casting would have 
caused unstable test conditions. There- 
fore the specimens were aged, before 
testing, in one of three ways: (1) at 
room temperature (17 to 33 C.), for 6 
months; (2) in dry air at 95 C., for 6 
hr.; or (3) in an atmosphere saturated 
with moisture at 95 C. and at atmos- 
pheric pressure, for 5 days. 

The 6-hr. annealing in dry air at 95 C. 
was chosen as one of the exposures for 
two reasons: 

1. It is a standard stabilizing treat- 
ment to overcome the shrinkage which 
normally requires 6 to 8 weeks. 

2. In the testing work it was desirable 
to be able to prepare many specimens 


immediate testing. 


‘This exposure was believed to be a 
— 


satisfactory means of eliminating the 
6- to 8-week aging period which would 
otherwise be necessary because of the 
effect of shrinkage during the endurance 
test. 

In the original program of fatigue 
testing, exposure to 95 C. steam for 10 
days (the usual accelerated aging and 
corrosion test) was included. However, 
the test results on specimens exposed 
for even 5 days in steam were somewhat 
erratic, probably due to the notch effect 
caused by surface corrosion. It was 
concluded therefore that Zamak die 
castings subject to fatigue load would 
not be suitable if the exposure ap- 
proached the 10-day steam test in 
severity. It was desirable, however, to 
include a moderately severe exposure, 
and the 5-day steam test seemed to fill 
this requirement. It is believed that 
this accelerated exposure test corre- 
sponds to many years of severe service. 

The steam exposure caused both 
accelerated aging and corrosion. It 
was a special case of exposure to steam 
and hot water, the latter resulting from 
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continuous condensation in the exposure ing (0.001 to 0.002 in.—sufficient to ae at = 
chamber. insure good fit on pin) to prevent ex- ‘ee 


In all cases the die-casting fins were cessive wearing by the pins on the or cat 
removed carefully; otherwise, the critical oscillating bars, which applied the stress re i Bde 


sections of the specimens were tested to the specimens. 


Fic. 2.—Flexure Fatigue Machine, Front View. 


A. Clamping bar. C. Counter bar. 
B. Oscillating bar. D. Test specimens. 


= 


Fic. 3.—Flexure Fatigue Machine, Side View. 
1 the original die-cast condition as Description of Testing Equipment: 
tered by the exposure treatment. Machine.—Testing was done in 


Plating of Yokes.—After aging treat- flexure fatigue machine designed and 
hents, the yokes of the flexure fatigue built by the Bell Telephone Laboratories 
pecimens were given a chromium plat- for testing lead alloys. It was modified 
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E. Dry cell. 
_ F. Master counter. 
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by The New Jersey Zinc Co. (of Pa.) 
for testing the more rigid zinc-base die- 
casting alloys. The testing was done 
at a temperature of 25 + 1C. and ata 
speed of 1600 cycles per minute. 

Figures 2, 3, and 4 show the flexure 
fatigue machine developed to test zinc- 
base alloys. In Fig. 2 it can be seen 
that this machine contained six inde- 
pendent units, each consisting of a 
clamping bar A, an oscillating bar B, 


t Device. 


4.—De 


Calipers. 


and a counter bar C. Each unit tested 
20 specimens, D, simultaneously. The 
grip ends were securely fastened into 
the stationary clamping bars by means 
of wedges and shims. The opposite 
ends were flexed by the oscillating bars. 
In turn, the ends of the oscillating bars 
were crank-connected to the ends of the 
clamping bars and moved in the arc of a 
circle. The force was applied to the 


Keron on Zrnc-Base ALLoy Die CastTIncs 


which engaged the yokes on the ends oj 
the specimens. 

Figure 3 shows the drive mechanism. 
Reciprocating motion was applied to the 
oscillating bars by cranks which fitted 
over adjustable cams connected to the 
continuous drive shaft. 

Deflection Measurement Device.—The 
essential observations in the flexure 
fatigue test were the amplitude of the 
deflection given to the specimens and 
the number of flexures required to cause 
failure. 

The deflections were measured with 
an instrument especially designed for 
this purpose. Figure 4 shows it mounted 
in position. It consisted of two ad- 
justable caliper arms H pivoted on the 
center of oscillation of the specimen J 
upon which the measurement was to be 
made. The arms were fitted with two 
sets of pins, one set to contact the 
specimen at the point of application of 
the force and the other set to measure 
the caliper opening. The contact pins 
were part of an electrical circuit, con- 
taining a dry cell E and head phones, 
for detecting the instant of contact. 
The measuring pins were conveniently 
positioned about two-thirds of the dis- 
tance from the pivot to the contact pins 
A micrometer measurement on the out- 
side of these pins was used to compute 
the deflection at the point of applicatior 
of the force. The caliper arms, switchy 
dry cell, etc., were mounted upon é 
support plate fastened into the clamping 
bar of the machine in the same manner 
as the specimens. 

Deflections were measured in the fol 
lowing manner: 

1. A test specimen was removed fro 
the bank and a standard specimen was 
inserted so that the measurement was 
made with the usual number of speci 
mens being flexed. standar 
specimen inserted was a die-cast fatigu 
specimen of the same thickness as th 
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test specimens but not one that was 
tested, since the yokes of tested speci- 
mens sometimes become distorted due 
to adjustment for wear. 

_ 2. The measuring instrument was 
fastened in the clamping bar with the 
standard specimen. 

3. Azero reading wastaken. For this 
reading, the specimen was stationary and 
the cam was on its dead-center position. 
The reading was the distance across 
the outside of the measuring pins when 
the caliper arms had been set to barely 
contact the specimen. 

4. A dynamic reading was taken. It 
was the distance across the same meas- 
uring pins when the caliper arms had 
been set to barely contact the moving 
specimen. 

5. The difference between the readings 
of (4) and (3), multiplied by the ratio 
of the distances of the contact and meas- 
uring pins from the caliper arm pivot, 
gave the actual deflection of the speci- 
mens at the point of application of the 
force. 

The distance so determined was the 
total movement of the specimen at the 
point of application of the force. The 
deflections, and hence the stresses, were 
the same in either direction from the 
unstressed position. 

The exact ratio of the distances of 
the contact and measuring pins from 
the caliper arm pivot was determined 
by measurements on ground parallel 
strips of known thickness. Calibrations 
were made from time to time to check 
on the effect of wear on the contact pins. 
When it became great enough to cause a 

significant difference in the above ratio 
in any position, the pins were renewed. 

Counting Device.—The number of cy- 
cles to failure was recorded by individual 
Veeder-Root counters mounted on the 
counter bars (Figs. 2 C and 4G). The 


counter bars oscillated once for every 
1000 revolutions of the drive shaft and 
caused the individual counter arms -to 
contact the bottoms of the unbroken 
specimens. After a specimen broke, its 
counter arm no longer made contact 
and, hence, did not record. The ma- 
chine was also equipped with a master 
counter (Fig. 4 F) which gave the 
approximate cycles-to-failure if the in- 


dividual counters failed to function 
properly. ws 


Testing Procedure: 


Twenty specimens were used as the 
standard flexure test at any given stress, 
this being the number that could be ac- 
commodated in one bank. The reason for 
the large number of specimens was that 
variations in the physical characteristics 
(porosity, smoothness, straightness, etc.) 
of the die-cast specimens caused failures 
to occur over a wide range of cycles. 

Only the first failure of each 20- 
specimen test was used as a point in 
the determination of the S-N curve. 
Very often a number of failures at a 
given stress were recorded to give an 
idea of the range of cycles over which 
the failures occurred. 


Determination of Relationship Between 
Deflection and Stress: 


In order to utilize the data obtained 
from flexure fatigue tests, the relation- 
ship between the deflection of the speci- 
men and the stress in the test section 
had to be determined. 

To accomplish this, a die-cast flexure 
fatigue specimen (see Fig. 1) was 
clamped at the grip end to a rigid sup- 
port and loaded as a cantilever beam. 
The instantaneous deflection of the 
yoke end of the specimen was measured 
by means of an Ames dial for each of a 
number of loads. 
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For each load the stress in the outer 
fibers of the test section was computed 
by. means of the formula: 


s = the stress in the outer fibers in 
the test section in pounds per 
square inch, 

P = the applied load in pounds, 

1 = the distance from the point of 
load application to any given 
point® in the test section in 


inches, 
¢e= = the distance from the neutral axis 
to the outer fibers in inches, 


[= the moment of inertia at any 


given point’ in the test section. 


The stress was then plotted against the 
deflection. Within experimental error 
this curve was nearly a straight line for 
the range of deflections used in flexure 
fatigue testing. 

To determine whether the stress- 
deflection relationship was essentially 
the same for both static and dynamic 
conditions of loading, a load-deflection 
test was run on a rotating-beam machine 
at 835 rpm. using a die-cast specimen 
of uniform circular section. The details 
of this apparatus are shown in Fig. 5. 

Of course, deflections of the dissimilar 
flexure and rotating-beam specimens 
could not be compared directly, so that 
it was necessary to determine some 
function of stress and deflection, such 
as the elastic modulus, that could be 
used for comparison. 

Since die-cast zinc alloys do not 
exhibit elastic behavior, the modulus, 
obtained by means of formulas which 
assume elasticity, has been designated 


VAS 


* Since the test section is a portion of a uniform strength 
cantilever beam, the stress and the term /:/ are constant 
in this region. 
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as a pseudo-modulus. The pseudo-mod- 
ulus decreases with increasing stress and 
increasing time of stress application; 
therefore, in both static and dynamic 
tests the determination was made for 
each of several loads and as soon after 
load application as possible. 

Ames Dio/ 

Chuck of Rotating 


Beom Fatigue Machine 
or Lathe. 


WY ~Boll 
Rotating Beam 
WM Speci }Gearing 


men Machined 
to a Constant Load 
Section. 


Fic. 5.—Sketch of Equipment Used to Deter- 
mine Instantaneous Deformation by the 
Rotating Beam Method. 


The pseudo-modulus of elasticity was 
calculated for each load by using the 


formula 
E, = P-P/3Ied 
where 


E, = the pseudo-modulus of elas- 
ticity in pounds per square 
inch, 

P = the applied load in pounds, 

1 = the length of beam acting as a 

cantilever in inches, 

d = the deflection at the point of 
load application in inches, 
and 

I, = the average moment of inertia‘ 
of the beam. 


The pseudo-modulus was then plotted 
against stress. 


4A steel flexure fatigue specimen (whose modulus of 
elasticity was known) was loaded as a cantilever and the 
deflection measured. Then the average moment of inertia 
for the beam could be calculated, 
Ig = P-8/3 -d 
— would be valid for al Zamak Sea of the same 
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A comparison of the pseudo-modulus 
versus stress curves was made and, as 
shown in Fig. 6, the differences were well 
within the experimental errors of the 
determinations. 

It was assumed, therefore, that the 
stress-deflection relationship, as deter- 
mined by static methods, was applicable 
to the dynamic conditions of the flexure 
fatigue test. 


_14000 000 


Preparation of 

The specimens were prepared the 
same as was done in the Flexure Fatigue 
Test. 


Description of Testing Equipment: 

Machine.—The machine was designed 
by the Bell Telephone Laboratories and 
built by The New Jersey Zinc Co. 
As shown in Figs. 5 and 8, it consisted 


Stotic Test 


a 


~12 000 000 


Dynamic Test 


Elasticity, psi. 


10 000 000 


Pseudo, Moduius of 


Fic. 6.—Pseudo-Modulus of Elasticity versus Stress for Zamak-3. 
Aged 6 months at room temperature obtained by static and dynamic load-deflection measurements. 


0.070" +4--0.079" 


520° 
0.480" 


— ——F 
0.256" 
0. 2437 Tést Section 


Note: The 3-in. radius fillets 
must join the tapered 
parton without an abrupt 


rd 
break 


Fic. 7.—}-in. Die-Cast Fatigue Specimen, 
Rotating Cantilever Type. 
The 3-in. radius fillets must join the tapered portion 


without an abrupt break. wer 


Late 


ROTATING Beam Faticue Test 


Design of Specimen: 


The test specimen was » designed. so 
that the stress reached its highest value 
in the test section, which was a portion 
of a uniform strength cantilever beam 
and therefore had a uniform stress. 
Details are shown in Fig. 7 


5000 6000 7000 8000 9000 10000 11/000 12000 3000 4000 


i 
SR 
= 


Stress, psi. 


Fic. 8.—Rotating Beam Fatigue M 1e. 


A, Rotating chucks. D. Connecting rod. 
B. Counter Bar. E. Stop. 
C. Crank. F. Disk. 


of eight rotating chucks A which were 
geared to the drive shaft. After the 
specimen was mounted in the chuck 
the outer end was loaded by suspending 
a weight upon the outer race of a ball 
bearing containing a bushing which fitted 
over the specimen end. 

Counting Device-—The number 
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cycles-to-failure was recorded by in- 
dividual Veeder-Root counters mounted 
on counter bars B that oscillated about 
the axis of the counters. The counter 
bars oscillated once for every 1000 
specimen revolutions. They were driven 
by a crank C and connecting rods D 
attached to the low-speed shaft of a 
400 to 1 speed reducer. The high-speed 
shaft was connected to the machine- 
drive shaft. 

As long as the specimens remained 
unbroken, the oscillation of the counter 
bars caused the counter arms to contact 
a stop E which actuated the counter. 
When the specimen was broken, a disk 
F on the weight rod depressed the stop 
so that the counter arm swung freely. 


Testing Procedure: 


Eight specimens were used as a 
standard rotating beam fatigue test, 
this being the number that could be 
accommodated in the machine. They 
were tested at a temperature of 25 + 1C. 
at a speed of 835 cycles per minute. 


Determination of Stress: 


Stresses were readily computable from 
the direct load by means of the beam 
formula, s = M-c/I. 


RESULTS AND DISCUSSION 
Flexure Fatigue Tests: 


The S-N curves for the individual 
alloys and treatments are shown in Fig. 
9. All curves were drawn through the 
“first-break” points, that is, the points 
representing the first specimens to fail 
in 20-specimen tests. Since the princi- 
pal object of the work was to obtain 
endurance values for use in engineering 
calculations and since there is practi- 
cally no background of information on 
the fatigue of zinc die-casting alloys, 
this conservative procedure seemed jus- 
tified. 
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The die-cast specimens used for these 
tests were the strongest and soundest 
that could be produced after an exten- 
sive die development program. There- 
fore, when these data are used in design 
calculations for commercial die castings, 
which may be porous and contain other 
stress raisers, it would be advisable to 
use a factor of safety of, perhaps, 1.20 
to 1.30. 

The curves showed clearly that, for 
the aging condition tested, Zamak-2 
in every case had the highest endurance 
limit and Zamak-3 the lowest, with 
Zamak-5 in between the other two. It 
was interesting to note that the tensile 
strengths of the alloys also fell in this 
same order. The tensile values of die- 
cast specimens follow: 


Tensile Strength, psi. 


The aging treatment of 6 months at 
room temperature gave the best fatigue 
properties and the 5-day steam exposure 
treatment gave the poorest.’ Stabiliza- 
tion for 6 hr. at 95 C. gave intermediate 
results. 

A few flexure fatigue tests, Fig. 10, 
run on specimens # in. thick showed the 
same order and range of endurance limits 
as those determined using specimens } in. 
thick, and indicated that this range of 
specimen size apparently had no effect 
on the fatigue properties in this case. 
However, these results should not be 
taken as conclusive because the en- 
durance limits of the }-in. specimens 
were determined by extrapolation. 


Rotating-Beam Fatigue Tests: ¥ 


Figure 11 shows rotating-beam fatigue 
data on specimens aged 5 days in dry 
5 For steam exposure specimens of Zamak-S it has not 


et been possible to determine accurate endurance 
finales because of corrosion effects caused by the treatment 
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Cycles to Failure, log scale 


Fic. 10.—Flexure Fatigue Tests, }-in. Specimens Aged 2 yr. at Room Temperature. 
(a) Zamak-2. (6) Zamak-3. (c) Zamak-5. 


7. 
x 
(9) 
N 
(b) x«— 
+— Broke Inside 
x Broke Outside ~ 
Jest Section 
> 
= 
(c) x] xx] 
1 000 000 10 000 000 100 000 000 


Cycles to Failure, log scale 


Fic. 11.—Rota ing-Beam Fatigue Tests, j-in. Round Specimens Annealed 5 days at 95 C. in Dry Air. ; ® 
(a) Zamak-2, (6) Zamak-3. (c) Zamak-s 
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Fic. 12.—Photomicrographs of Selected Bad Areas of Flexure Fatigue Fractures of Steam-Exposed 
Zamak-2, -3, and -5 Showing Corrosion Associated with Microscopic 
“fs Surface Deiects, Unetched (X 200). 
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check on the flexure fatigue data and, 
as the work was preliminary in nature, 
some extrapolation was needed to deter- 
mine the endurance limits. The com- 
parison of these data with flexure fatigue 
data showed that the order of endurance 
limits was the same but that the rotating- 
beam tests gave somewhat higher values. 
It would not be advisable, in view of 
the fact that these results were obtained 
by extrapolation, to use them in design 
calculations. The more conservative 
flexure fatigue data should be used. 


Causes of Inconsistent Data: 


As can be seen by an examination of 
the S-N curves there was a wide spread 
of data for tests run at all stresses and, 
in some instances, tests failed after fewer 
cycles than those run at higher stresses. 
There were also a large number of fail- 
ures which occurred outside the test 
section. 

Many of these “fluke” results were 
presumably caused by specimens being 
bent when hot, superimposing a stress 
on that produced by the specimen de- 
flection, and by small notches and 
scratches on the surface of the speci- 
mens, acting as stress concentrators. 

In a further effort to determine the 
causes of the widely different fatigue 
properties that were exhibited by cast- 
ings prepared under apparently equiva- 
lent conditions, radiographic and surface 
orientation tests were made on a number 
of specimens. 

All of the specimens that were exam- 
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ined radiographically were found to be 
reasonably sound, and the small differ- 
ences in the amount of porosity that 
did exist could not be correlated with 
differences in fatigue strengths. Surface 
orientation tests also failed to show any 
correlation with fatigue strength. 

The flexure fatigue specimens which 
gave the most erratic results were the 
steam exposure specimens. Therefore, 
microscopic examination was made of a 
number of these erratic specimens at the 
plane of fracture without etching. Shal- 
low corrosion was found in occasional 
spots, apparently associated with mi- 
croscopic surface defects in the original 
specimens and the fact that in the 
steam test corrosion is sometimes local- 
ized due to condensation. These are 
shown by 


Fig. 12. The corrosion has enlarged 


these defects and apparently has mag- | 


nified their effect as stress raisers. 

This condition was found in all of the 
Zamak alloys and quite probably was 
the cause of many inconsistent data. 
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Mr. G. W. Stickiey! (presented in 


written form).—This paper undoubtedly 


is a valuable contribution to the informa- 
tion concerning fatigue properties. A\l- 
though in the past repeated stresses sel- 
dom have had to be considered when 
zinc-base die castings were used, a 


knowledge of the fatigue strengths of 


pare 


This may be attributed to a numberof 
causes. Among them may be the diff- 
culty of casting specimens of the rec- 
tangular cross-section in such a manner 
as to have them free from casting strains 
at the corners. It is also more difficult 
to obtain a satisfactory distribution of 
stress in the type of flexure test described 
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Fic. 1.—Rotating-Beam Fatigue Curves of Zinc Die-Cast Alloys. 


these alloys should be a real aid to the 
designer. It should be remembered, 
however, that the actual fatigue strength 
of a die casting depends considerably 
upon the actual design, as for example, 
when grooves and fillets are used. Also, 
as the author indicates, the fatigue 
strength is affected by the design of the 
die and by the casting procedure. 

The endurance limits obtained in the 
rotating-beam tests of each alloy are con- 
siderably higher than the corresponding 
values obtained in the flexural tests. 


1 Aluminum Research Laboratories, Aluminum Com- 
pany of America, New Kensington, Pa. 


than in a rotating-beam test, because of 
bent specimens and slight misalignments. 

Several years ago the Aluminum Re- 
search Laboratories made some tests of 
Alcoa 2Z and 3Z alloys which are similar 
to Zamak-2 and -3. In these tests all 
specimens were radiographed and the 
sound specimens were selected and 
tested. The tests were made in R. R. 
Moore rotating-simple-beam fatigue 
machines using specimens having a di- 
ameter of 0.330 in. in the center of the 
reduced section. The results of these 
tests, which are shown in the accom- 
panying Fig. 1, indicate higher endu- 
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rance limits than those reported by Mr. 
Kelton. The corresponding tensile 
strengths were 47,600 and 36,300 psi. 

Mr. E. H. Ketton.2—Mr. Stickley’s 
comments are much appreciated, es- 
pecially since his work indicated higher 
endurance limits thar ours. In our own 
work perhaps we have been too con- 
servative. On the other hand, in the 
early determinations of values of this 
type, realizing that these values may be 
used in engineering calculations, little 
harm will be done by interpreting all 
tests on the safe side. 

In examining Mr. Stickley’s data, it 
will be noted that the curves are based 
on 7 and 10 points, respectively, for 
Alcoa 2Z and 3Z. It is assumed that 
each point represents a singlespecimen. 
In our investigation, 40 and 58 points of 
failure are shown, respectively, for simi- 


? Research Division, The New Jersey Zinc Co. (of Pa.), 
Palmerton, Pa. 


a 


lar alloys (aged six months at room 
temperature) and at least an equal num- 
ber of specimens was removed from the 
test before failure since a “‘first break” 
for a given deflection had been es- 
tablished. It will also be noted by 
reference to Fig. 9 that first tests at 
relatively high deflections sometimes in- 
dicated endurance limits somewhat 
higher than those eventually established 
by tests at lower deflections. It has 
not been determined whether this was 
due to slight variations from one cast to 
another or variations in the test itself. 
It was felt, however, that these unex- 
plained variations were not greater than 
would be encountered in commercial 
castings and that they should be recog- 
nized. 

I believe that with an equal number of 
tests and similar interpretation, the dif- 
ferences between our tests and Mr. 
Stickley’s would be much less. 
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HARDNESS CONVERSION RELATIONSHIPS 


The conversion relationships which are now in general use for materials in 16g 

the Rockwell “B” range of hardness are not satisfactory for certain classes of 
ae such as aluminum and its alloys and the austenitic stainless steels. 

They apply very satisfactorily to yellow brass. : 

Cian i In order to study the relationships between hardness scales based on pyram- 
* a mid and ball types of penetrators, the following tests were made on a variety 
sof materials: Vickers 10 kg., 30 kg., and 50 kg., Rockwell “B” and “F”, Rock- 
well Superficial 45-T, 30-T, and 15-T. In addition to the standard proce- 

to Valiaaeae the diameters of all Rockwell impressions were measured with the _ if 

Vickers microscope in order to establish work-hardening capacities by Meyer’ 

analysis. 

ha Special Rockwell tests were made to compare rates of flow under load pee 


the hardness test. hes 
Three factors which contribute to the uncertainty of present hardness con- | 
2% ersion relationships when applied to a variety of materials having hardnesses | 
be in the Rockwell “B” range were found to be: “aes 
1. Differences in work-hardening capacities, ope 
2. Differences in the contours of the hardness impressions, 
3. High rates of flow under load in the hardness test. % 
Of these factors, the first is in most cases the most important. Sik age 


This investigation was undertaken to 
improve the reliability of hardness con- 
version relationships in the Rockwell 
“B” range. The work is closely related 

to the activities of the Subcommittee on 
_ Hardness Conversions of the Section on 
- Indentation Hardness of the Society’s 
Committee E-1 on Methods of Testing, 
and most of these data have been pre- 
sented informally before this group. 

The purpose of this preliminary report 
is to point out some of the factors which 
have made hardness conversions in this 
range somewhat unreliable. Further 


i The American Rolling Mill Co. 


work is contemplated for the purpose of 
establishing definite conversion relation- 
ships for use with specific materials in 
the Rockwell range. 


Influence of Time of Load A pplication: 


Many materials having hardnesses in 
the Rockwell ““B” range have the char- 
acteristic of flowing under load in the 
hardness test, thus the time factor must 
be controlled for each type of test before 
a consistent conversion can be expected. 
The following experiments were made to 
show the importance of this factor. 

Test specimens of brass, duralumin, 
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TABLE IIl.—IDENTIFICATION OF SPECIMENS AND RESULTS OF VICKERS HARDNESS TESTS. 


| DPH (Vickers Tester) 


Specimen Gage | Average 
tks. 30-kg. ote | 30 
Load Oa | 50-kg. 
Loads 
Aluminum alloy—rolled 0.056 122 123 122.5 
| Aluminum alloy—450 F. annealed 0.056 93.6 94.6 
| Aluminum alloy—400 F. annealed 114 110.6 112.3 
4a Copper—rolled 114 114 114.0 
Copper—rolled Secs 120 120.4 120.2 
Copper—rolled 350 F. annealed OS 107 106.5 106.7 
72.4 73.2 72.8 
79.8 79.7 79.7 
Brass—Wilson Mech. Inst. Co. block 102.6 103.6 103.1 
59.7 59.3 59.5 
Rimming steel—Box Annealed 0.046 82 82.5 82.2 
- Rimming steel—Box Annealed 0.046 Git 72 72 72.0 
< Ingot iron 69 67 68.0 
Rimming steel—Box Anneal 75 74.3 74.6 
- Rimming steel—Box Annealed 70.7 72.4 71.5 
Ingot iron 74 72 73.0 
Magnesium alloy 62.8 | 63.1 | 63.0 
Alcoa 51S—quenched 87.5 86 86.7 
..| Alcoa 51S—quenched aged 125.4 123 124.2 
.| Alcoa 51S—quenched 600 F. annealed 77.4 78 77.7 
Alcoa 51S—annealed—rolled | 79.4 79.7 79.5 
Alcoa 51S—annealed—rolled 76.1 75.4 75.7 
Alcoa 51S—annealed—rolled . 70.1 69.9 70.1 
Alcoa 17SH 83.6 82.9 83.3 
eee fa Monel metal 4 0.036 | ..... 119.5 | 118 118.7 
b Cartridge brass—2 Nos. hard 0.203 125.2 126.5 123.2 124.8 
é: Cartridge brass—4 Nos. hard 0.160 157.9 158.0 159.1 158.5 
"1 Cartridge brass—6 Nos. hard 0.128 173.0 168.0 171.1 169.5 
: Cartridge brass—8 Nos. hard 0.099 190.8 186.8 187.8 187.3 
~" Cartridge brass—10 Nos. hard 0.078 196.6 193.6 194.4 194.0 
edi Cartridge brass—409 C. annealed 0.128 86.9 85.9 87.1 86.4 
ae M Cartridge brass—450 C. ann 0.128 78.6 78.7 77.8 78.3 
. Cartridge brass—S50 C. annealed 0.128 63.1 61.6 61.9 61.7 
Stainless—Austenitic 0.059 6.4 219 217.7 
4 Type 430 stainless 155.2 155 155.1 
+ Type 302 stainless ” 2 163.5 158.2 160.8 
aA Type 347 stainless eee 146.9 148.4 147.6 
Type 316 stainless 154 155 154.5 
0.120 167.8 171. 172.5 
- 18.5% Cr, 9% Ni steel 0.116 | 181.0 | 179.9 | 181.2 | 180.5 
ss $30 ; 0.113 | 142.0 | 138.2 | 135.1 | 136.6 
2» te RR aa sore 16% Cr, 10% Ni steel 0.112 | 171.4 | 169.4 | 165.4 | 167.4 
0.107 235.0 258.2 246.2 252.2 
0.100 | 147 143.3 | 143 143.1 
1 160 157 
Cee 0.102 | 174 175 178 176.5 
{| 0.098 186 193.5 195 194.2 


low-carbon steel, and ingot iron were 
used. The Rockwell tester was adjusted 
for 5-sec. movement according to the 
recommendation in A.S.T.M. Standard 
Method of Test for Rockwell Hardness 


of Metallic Materials (E 18 —- 36).2_ Five 
tests were made under recommended 
testing conditions, that is, removing the 
load within 1 sec. after the weight arm 


21939 Book of A.S.T.M. Standards, Part I, p. 743. 
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was released from the control of the dash 
pot. Five additional tests were run in 
which the load was applied for 120 sec. 
after the weight arm became free. Dur- 
ing the course of these tests, readings of 
the position of the pointer were taken 
every 5 sec. (Three observers were re- 
quired to time, read, and record the 
data.) The average results are sum- 
marized in Table I and are illustrated in 
Fig. 1. The specimens are identified in 
Table IT. 

For convenience in comparison, all dial 
readings have been displaced to 100 for 
the first or zero time reading. 

Comparison of specimens B1 and S6 
shows that the flow characteristic is not 
simply a function of hardness. The low 
movement in the tests on B6 is further 
evidence that very soft materials may 
resist flow. Furthermore, the Meyer ‘‘n”’ 
values which are included in Fig. 1 show 
that flow is in no way related to work- 
hardening capacity. 


Test Methods: 


A variety of ferrous and non-ferrous 
test specimens were used for the com- 
parative hardness tests. These speci- 
mens are identified in Table II. The 
surfaces tested were either cold rolled, 
bright annealed, annealed and pickled, 
or polished to a No. 00 finish. 

The Rockwell and Superficial Rock- 
well testers were checked against stand- 
ard blocks and the time of load applica- 
tion adjusted as recommended in 
A.S.T.M. Standard Method E 18 - 36 
and Tentative Method of Test for Rock- 
well Superficial Hardness of Metallic 
Materials (E18-—39T).* Because of 
the tendency of some of the materials 
to flow under load, the time of load 
application was controlled by removing 
the major load within 1 sec. after the 
weight arm was released from the 


1939 Book of A.S.T.M. Standards, Part I, p. 1238. 


control of the dash pot. A 7s-in. 
diameter ball was used in all tests. 

The loading mechanism of the Vickers 
tester was checked by means of a dead 
weight - lever type calibrating device. 
The diamond penetrator used has been 
carefully checked against a penetrator 
of exact dimensions by means of com- 
parative hardness tests. The time of 
load application in the Vickers tests 
was set for 15 sec. 

The data are summarized in Tables 
II, III, and IV. All hardness values 
are the average of five observations. 


Meyer Hardness Analysis: 


The diameters of all Rockwell im- 
pressions were measured at 40X or 100X 
on the Vickers tester. These impression 
diameters were plotted against the 
corresponding loads on log-log paper to 
obtain the work-hardening exponent 
“n’? by Meyer’s analysis (1, 2, 3).4 
From the 


= load in kilograms, 
= impression diameter in milli- 


meters, and ae 
aand = constants of the test sample. 
It is evident that 


whereupon is the “slope” coefficient of 
a linear equation in log L and log d. a 


log a + m log d, 


graphically as the slope of the line 
drawn through L,:d points plotted on 
log-log paper. 

The values of the exponent » vary ae 
from approximately 2.0 for cold-rolled KG 
materials to 2.5 for some materials in the 
dead-soft condition. It is obvious that 


‘The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references ap- 
pended to this paper, see p. 721. i 
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Scale 


58.9 | 81.6 | 2.35 


| 45-T | 30-T | 15-T 
1.6 | 35.8 | 71.4 | 2.29 
2.0) have a rela- 


Scale | Scale | 


sss 


71.8 


Rockwell Hardness Number 


RELATIONSHIPS 


118.7 | 67.8 | 95.5 | 37.6 


63.0 | 21.5 


* Subtract 100 from these readings (they are below zero 


TABLE IV.—ROCKWELL HARDNESS VALUES. 
n the normal 0 to 100 scale). 


materials that have been strain hardened 


by cold rolling (n 
tively low capacity for hardening by 


additional cold work, whereas dead soft 
materials (w = 2.4 or 2.5) have a rela- 


MM1i.... 


ana 


ESS CONVERSION 


oF = | 363 


N 
73.0 | 2.29 


= 30/7 


|17S. 


70.0 | 68.3 


1 
1 


77.6 \107.5 |143.4 |114. 


Z°0 = 


100.0 1120.4 |105.9 |130.5 | 


(4ajawerp uorssaiduit | 


HEYER ON HARD 
Brinell (1/16 in. = 1.588-mm. 


= 


oO 
Z 
< 


180.5 |126.0 |153.6 (181.0 153. 
235.7 |138.7 |179.9 |228.5 


63.0 | 49.9 | 59.9 
£0.1 
172.2 |133.7 |154.9 |170.5 |153. 
136.6 | 94.7 |121.1 
167.4 |128.5 |153.6 
252.2 |184.0 |218.5 
143.1 }108.3 |124.9 
158.5 |133.7 |147.4 | 
176.5 |165.2 |168.5 
194.2 |191.5 |191.0 


94.1 


97.3 | 92.4 | 87.1 
-}112.3 |111.0 [108.6 |102.2 


os o¢ “Say ‘Had | 


-{122.5 |126.0 |122.2 |116.0 |121. 


118.7 
139.4 


“F,” 45-T, 30-T, AND 15-T IMPRESSIONS. 


TABLE Ill 


FROM 
"ROM ~ 
MEAS 
A. 
Al...... 
114.0 ]107.4 |106.0 |107. 
|120-2 [421.0 118.6 [114.7 |116. 
CT... ... 106.7 | 91.8 |100.0 |105.0 |101. 
Bi 72.8 | 49.9 | 63.1 | 76.1 | 70. 
iB ..| 79.7 | §2.5 | 66.2 | 80.6 | 73. 
— .-|. 92.9 | 64.0 | 78.7 | 92.5 | 84. 
..|103.1 | 77.6 | 88.6 |100.7 | 92. 
BS... 121.5 |103.3 |112.4 |119.4 |114. 
° i = B6.......| 59-5 | 33.8 | 44.9 | 58.7 | 5S. 
82-2 | $7.5 | 69.3 | 80.3 | 76. 
" ; $2.......| 72.0 | 48.4 | 62.4 | 76.8 | 70. 
SB. | 68-0 | 50.4 | 62.4 | 72.7 | 68 
S4.......] 74.6 | 54.5 | 66.8 | 79.2 | 73 | 
= SS.......] 71.5 | 42.8 | $8.7 | 75.8 | 70 
S6.. 
Mi 
? >: > 
' D3... 2 | 67.0 
D4 4 | 67.0 
DS 2 45 0 
MM1 
‘2 
3 
CB7.. 
CBS 
Sai 0 1166.5 | 2.23 
—~ SS4... 0 |176.0 | 2.33 
|157.0 | 2.43 
SS6... |162.0 | 2.41 
— 0 |157.0 | 2.49 
— 5 |176.0 | 2.22 
$S12.. 5 |186.5 | 2.30 
te SSi4. 2 234.0 | 2.41 
$S30 2 |157.5 | 2.38 
$S31 5 |186.5 | 2.29 
$S33. 0 |256.0 | 2.28 
SS6o0 5 1150.0 2.23 
$862 © |173.5 | 2.08 
a 2 |186.5 | 2.02 
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tively high capacity for hardening by 
cold work. 

The exponent » will be found most 
_ useful in interpreting the hardness con- 
version relationships. 


Diamond Pyramid Hardness-Brinell Con- 
version Relationships: 


In addition to the Meyer m determina- 
tions, the diameters of the Rockwell 
impressions were used as the basis for 
calculation of Brinell hardness values. 
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values. The low ratio of d/D=0.1 
represents a condition in which the size 
of the impression is very small with 
respect to the ball diameter. (The usual 
range for Brinell testing is from d/D = 
0.2 to 0.6) From consideration of the 
geometry of a sphere, it will be evident 
that very little volume is displaced and 
consequently little work-hardening will 
be accomplished in making such a 
shallow indentation. For this reason 
the Brinell hardness value calculated 


The log Z — log d lines were used to 
obtain graphically certain relations be- 
tween L and d other than those deter- 
mined directly by experiment. Thus it 
was possible to determine Brinell hard- 
nesses corresponding to certain specified 
ratios of impression diameter to ball 
diameter, d/D, or of L/D*. These 
hardness values are given in Table III. 

In Fig. 2, the Brinell hardnesses corre- 
sponding to various ratios of d/D have 
been plotted against the DPH (diamond 
pyramid hardness) or Vickers hardness 


th 
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Fic. 3.—Effect of Load/(Diameter)? Ratio on DPH-Brinell Conversion Relationship. 


from such an impression is believed to be 
fairly representative of the hardness of 
the test material before it has been in- 
creased by the work-hardening induced 
by the testing procedure itself. It will 
be observed, in Fig. 2, that the relation- 
ship between these Brinell values and 
DPH is very poor. Nearly all points 
lie to the left of a line representing equal 
values of Brinell and DPH. 

The work-hardening capacities of these 
materials are represented graphically by 
the tails on the circled points. Accord- 
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- ing to the ee at the lower right of 


Fig. 2, a long tail to the right represents 
a very low work-hardening capacity 
while a long tail to the left represents a 
very high work-hardening capacity. 
Short tails represent intermediate condi- 
tions. It is of interest to note that the 
dotted line makes an almost perfect 
separation of materials of low work- 
hardening capacity (to the right) and high 
work-hardening capacity (to the left). 
Specimens Al and SS12 have the same 
Brinell hardness, 126, as calculated for 
an impression diameter of 0.1588 mm. 
or a ratio of d/D=0.1. The DPH 
values for these materials are 122.5for 
Al and 180.5 for SS12. The relatively 
high DPH hardness of SS12 is the result 
of its high work-hardening capacity 
(mn = 2.30). In the Vickers or DPH 


test, using either 30- or 50-kg. load, the 


strain hardening induced in the test 
itself is appreciable, provided the mate- 
rial responds readily to hardening by 
plastic deformation. In the case of Al 
(m = 1.97), the response was apparently 
poor and the DPH value was approxi- 
mately the same as Brinell hardness at 
d/D = 0.1. 

At d/D = 0.2, the same trend is evi- 
dent in the plotted points; however, the 
dotted line representing intermediate 
work-hardening rates lies closer to the 
equality line. In this plot the Brinell 
hardness of Al remains practically un- 
changed, while that of SS12 increases to 
154 as a result of the greater work- 
hardening associated with the larger 
Brinell impression. (All points in Figs. 
2 and 3 can be identified by comparing 
with points of the same DPH in the 
d/D = 0.1 plot.) 

At d/D = 0.378 the agreement be- 
tween DPH and Brinell hardness is 
quite satisfactory. In general, the ma- 
terials of high work-hardening capacity 
are now at the right and those of low 
n value at the left, suggesting that at a 


E 


slightly lower ratio of d/D even closer 
agreement might be found. ~The Brinell 
hardness of specimen Al has decreased 
to 116, while that of specimen SS12 has 
increased to 181. The slight decrease in 
Brinell hardness of Al for the larger im- 
pressions does not indicate true soften- 
ing but is related to the peculiarities of 
the Brinell test (see Fig. 3 of reference (3)). 
The substantial increase in hardness of 
S$Si2 is again the result of work- 
hardening. 

From these considerations, it appears 
that the amount of strain hardening 
induced in making a Brinell impression 
with the ratio of d/D = 0.378 is closely 
related to the amount of strain harden- 
ing induced in making Vickers impres- 
sions with a 136-deg. diamond pyramid 
penetrator. More specifically, com- 
parable hardness values are obtained 
under these two test conditions when 
they are calculated in each case from the 
usual relationship: 


Load 


Hardness = Area of the surface of the indentation 


It is probably significant, in this con- 
nection, that for a ratio of d/D = 0.375 
the diameter of the impression subtends 
an angle of 44 deg. as shown in Fig. 4 
(bottom). The supplementary angle 
made by planes tangent to the sphere at 
diametrically opposite points of contact 
with the original surface of the sample 
is 136 deg. This is also the angle made 
by opposite facets of a Vickers indentor. 

Brinell hardness values calculated for 
ratios of L/D* of 5 and 30 are plotted in 
Fig. 3. The loads of 12.5 and 76 kg. 
are equivalent to loads of 500 and 3000 
kg. on a 10-mm. ball. Lines represent- 
ing Gray’s (4) recent data for standard 
Brinell tests are drawn for comparison. 
The dotted lines again represent mate- 
rials of intermediate work-hardening 
rates and roughly divide specimens 
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- having low and high Meyer m values. d/D = 0.2 plots of Fig. 2. The rela- 
In the case of the L/D* = 5 data, the _ tively shallow penetration again accounts 
_ materials having low values generally for this situation. 


SWS 


phot BETWEEN OPPOSITE FACETS: 

3 OFTHE VICKERS PENETRATOR 


Fic. 4.—Top—Sections Through Rockwell “B” Indentations in Materials of S.milar Brinell 
Hardness but Different Work-Hardening Capacities. 


Notre.—Magnifications changed to approximately 18 and 17 in reproduction. 


ae Bottom—Relationship Between the Vickers Indentation and the d/D Ratio for a Spherical 


Indentation. 


Jie to the right and those having high In the case of the L/D? = 30 data, the 
pn ae values to the left of the dotted line positions of the specimens with respect 
’ to line are reversed. 
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This line represents Brinell values about 
10 points higher than Gray’s average 
line. However, it should be noted that 
the present Brinell data are inherently 
less accurate than those obtained under 
standard conditions with a 10-mm. ball 
and 500- or 3000-kg. load, therefore the 
results shown in Fig. 3 should be con- 
sidered primarily as illustrative of the 
influence of work-hardening capacity 


by the fact that Rockwell tests are based 
on a system of measurement that differs 
considerably from that of DPH or other 
Brinell type tests. 

In order to illustrate this, special tests 
were made on materials Al and SS. 
Standard Rockwell ““B” tests were run, 
giving impression diameters of 1.032 
mm. and 1.094 mm., respectively. The 
corresponding d/D ratios are 0.65 and 


on hardness conversions. The absolute 0.69; thus the impressions are quite 
Bi 
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values ordinarily used for conversion in 
this range are not in satisfactory agree- 
ment and several of the published rela- 
tionships are more nearly in line with 
the present data than is Gray’s rela- 
tionship. 


Effect of Contour of the Impression on 
Rockwell-Brinell Conversion  Rela- 
tionships: 


The primary purpose of this program 
of investigation is correlation of DPH 
and the various Rockwell scales. Analy- 
ses of are complicated 


ROCKWELL B 
Fic. 5.—Conversion Relationship Between DPH and Rockwell “B”’. 


comparable from the standpoint of a 
Brinell test, the calculated Brinell hard- 
nesses being 105 and 91. In contrast to 
this similarity, the Rockwell ““B” values 
are 66 and 33. 

The samples were sectioned, photo- 
graphed at 10 diameters, and enlarged 
to about 55 diameters. Exact tracings 
from these photographs are shown in 
Fig. 4, top. The circles were drawn in 
to represent to scale the ;,-in. ball pene- 
trator in the position it occupied after 
the minor load was applied and before 
the major was The origi- 
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cr nal surface of the sample is also 


indicated. 


Inspection of this figure re- 
veals that while the impression diameters 


_ are comparable, the vertical penetration 


distances are not. Thus, the net move- 


of the Rockwell dial from “set” 


position to final position is 64 divisions 


(130 to 66) in testing specimen Al and 
_ 97 divisions (130 to 33) in testing SS. 
Obviously the difference in contour be- 


At 


Mate 


a 


tween the two types of impressions is 
responsible for this behavior. The au- 
thor’s interpretation of the significance 
of contour types in terms of mechanical 
properties and work-hardening capacities 
has already been reported (3). 

It can be concluded from this special 
test that Rockwell values of materials 
with low work-hardening capacities 
(these materials have “ridging” type 
impressions) will tend to be high as 
compared with materials having high 
work-hardening capacities (these mate- 
rials have flat or “sinking-in” type 
impressions), even though these same 
materials may be of comparable hard- 
ness according to Brinell tests in which 
the diameter of the indentation is 
measured. 


Rockwell-DPH Conversion Relationships: 


The Rockwell-Brinell relationships 
were not studied further, but Rockwell 
“B” - DPH points are plotted in Fig. 5. 
The solid and dotted lines represent 
Gray’s data and the relationship used 
in the 1942 Handbook of the Society 
for Automotive Engineers. It is inter- 
esting to note that under Rockwell 
“B” 80, Gray’s curve represents mate- 
rials with low m values, while the S.A.E. 
curve represents the high m values. 
It is clear that the influence of work- 
hardening capacity upon this relation- 
ship increases as the hardness decreases. 
This follows from the fact that the load 
of 100 kg. used in the Rockwell “B” test 
produces very large impressions in the 
softer materials. This magnifies the 
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work-hardening effect to a much greater 
extent than in DPH tests or in Brinell 
tests. It will be remembered that in 
Brinell tests it is desirable to keep the 
ratio d/D within the limits of 0.2 to 0.6. 
In Figs. 2 and 4 (bottom), it was shown 
that the equivalent ratio for the Vickers 
penetrator is approximately 0.375. 

In the following tabulation, it is 
shown that all Rockwell impressions 
under about “B”’ 65 have ratios of d/D 
over 0.6. The materials selected repre- 
sent high and low work-hardening 
capacities at three levels of DPH (see 
also Fig. 5): 


Speci-| Speci 
men men men 
MMi; C3 || B3 | A3 Ss D6 


119 =|120 93 


94 71 70 
2.35) 2. 2.31; 1.95) 2.46) 2.05 
Rockwell “B”’. .| 68 65 50 38 33 7 
0.59 0.66} 0.76] 0.69) 0.84 


At the lower hardness levels, the 
Rockwell impressions made in the low 
work-hardening materials, specimens A3 
and D6, are very appreciably larger than 
those in specimens B3 and S5, respec- 
tively; and this is properly reflected in 
the lower Rockwell hardnesses of A3 
and D6. In the case of specimen C3 
versus specimen MM1, however, the 
difference in Rockwell hardness does not 
appear to be comparable to the differ- 
ence in impression diameters. Further 
calculations give the fellowing results: 


Specimen Specimen 
MMi C3 


(6) d, mm. = measured 
impression diameter.. 0.94 1.03 


(c) (130 — R “B” reading) 
= dial divisions... . . 62 65 
(d) (c X 0.002) = pene- 


tration in mm....... 0.124 0.130 
(e) Penetration due to 

minor load, mm..... 0.016 0.016 
(f) (d+ e) = total pene- 
f tration, mm........ 0.140 0.146 
(g) Chord cor- 

nding to (f), 

(kh) (b/g) = measured/ 

calculated impression 

1.04 1.12 
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Thus, the measured diameter of the 
Rockwell ‘‘B” impression in MM1 is 
4 per cent larger than calculated from 
the Rockwell hardness reading. The 
corresponding increase for C3 is 12 
per cent, which means that the measured 
diameter of the Rockwell impression 
was very appreciably larger than the 
diameter calculated from the depth of 


differences in work-hardening capacities, 
which were shown to be responsible for 
the major differences in ‘B”’ scale 
values between the pairs B3-A3 and 
S5-D6. When the impressions are very 
large, as in the case of S5 and D6, the 
direct effect of the work-hardening 
factor far outweighs the geometrical 
factor and a major difference in Rock- 


penetration in the Rockwell test. This well “B” hardness results. 
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Fic. 6.—Conversion Relationship Between Rockwell “B” and Other Rockwell Scales Using a 
7s-in. diameter Ball. 


is the condition illustrated by A1 in 
Fig. 4; in fact, the comparison between 
MM1 and C3 at approximately the 
same Rockwell hardness is a corrollary 
to the comparison of S5 and A1 in Fig. 4, 
in which the impression diameters are 
comparable. In the case of both of the 
low n value materials, C3 and Al, the 
relatively small measured penetrations 
in the Rockwell tests result in high 
Rockwell “B” values. This geometrical 
factor tends to offset the direct effect of 


Rockwell - Rockwell Superficial Conver- 
sion Relationships: 


The influence of work-hardening ca- 
pacity is nowhere more in evidence than 
in the conversion relationships between 
the various Rockwell scales. The Rock- 
well “B”, “F”, 45-T, 30-T, and 15-T 
data are plotted in Fig. 6. The solid 
lines in this figure represent conversion 
relationships taken from Wilson Me- 
chanical Instrument Co.’s Chart 38. 
The shaded points represent the brass 
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test blocks and show that the hardness 
__ values for these blocks check the Wilson 
relationships very satisfactorily, with 
the possible exception of specimen B6 at 
7 Rockwell “B”. 

It appears that the Wilson relation- 
ships apply to materials with high work- 
hardening capacity (annealed) in the 
low Rockwell “B” range, and to mate- 
rials with low work-hardening capacity 
(cold worked) in the high Rockwell 
“B” range. This fails to provide for 
materials such as aluminum and some 
of its alloys which attain low Rockwell 
“B” hardnesses only in their cold- 
worked or hardened states, or austenitic 
stainless steels which have high Rock- 
well “B” values in their dead-soft 
condition, 

It will be noted that for Rockwell 
“B” 20 a range of about 10 points can 
be expected on the “F”’ scale, 25 points 
on the R45-T scale, 21 points on the 
R 30-T scale, and 12 points on the 
R 15-T scale. 

‘Test specimens D3 and CB6 have the 


same R 15-T hardness but have Rock- 
well ““B” hardnesses of 14 and 44, re- 
spectively. The higher Rockwell 
-value of CB6 is the result of strain 
hardening during the formation of the 

large indentation which is characteristic 


of the Rockwell “B” test as applied to 


soft materials. Specimen D3 was sub- 
-. jected to the same load of 100 kg. and 
a the resulting indentation was even 
sg larger, but because of its low work- 
; 3 hardening capacity, the final Rockwell 
oa “B” hardness remained 30 points lower 

7 a than that of specimen CB6. 

CONCLUSIONS 


Su 
ep 1. The tendency of some ar to 
flow under load in the hardness tests 
makes it imperative to control the time 
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of load application. Mild steel and 
ingot iron are among the materials which 
flow rapidly under load. 

2. Comparison of DPH test results 
with Brinell hardness tests made with a 
zs-in. diameter ball shows that the re- 
sults are comparable when the ratio of 
Brinell impression diameter to ball 
diameter is about 0.375. 

3. As a result of differences in work- 
hardening capacity, as measured by the 
Meyer m value, materials of identical 
hardness according to one hardness 
scale may have substantially different 
hardness values when measured by 
another scale or by a different type of 
test. Numerous examples are cited. 

4. Ball hardness impressions in mate- 
rials having different work-hardening 
capacities are different in contour. This 
influences the results of Rockwell and 
Brinell type tests in a way which tends 
to offset the direct effect of differences in 
work-hardening capacity. 

5. In the DPH-Rockwell “B’’ con- 
version relationship, the work-hardening 
capacity of a material has a very marked 
influence at hardnesses below about 
65-Rockwell “B”. This is a result of 
the high degree of work-hardening in- 
duced by the Rockwell test in this range. 
Neither the recently reported data of 
F. H. Gray nor the S.A.E. conversions 
are adequate in this range. 

6. The Wilson Mechanical Instru- 
ment Co.’s Chart No. 38 gives accurate 
results in converting the hardness of 
yellow brasses between any of the Rock- 
well or Rockweil Superficial scales using 
the ;s-in. diameter ball indentor. 

7. Aluminum alloys and austenitic 
stainless steels are among the alloys 
having hardnesses in the Rockwell “B” 


range for which the Wilson chart No. 38 . 


is not adequate for conversion between 
the various Rockwell scales. oe 
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Mr. T. H. WICKENDEN! (presented in 


written form).—The author is to be con- 


gratulated on his excellent paper as it 
throws considerable light on the difficul- 
ties confronting anyone attempting to 
make an all-inclusive hardness conversion 
table, particularly in the lower range of 
hardness values. Mr. Heyer’s tests 
were based on carefully selected con- 
ditions, testing machines checked against 
standards and the personal equation 
reduced to a minimum, but still con- 
siderable variation was encountered from 
three different factors. However, when 
hardness tests are made in the shop, 
additional variables creep in. The per- 
sonal equation is a big factor; varia- 
tions from the standardized test pro- 
cedure is another; and condition of the 
testing machine is a third, so at best the 
conversion can give only approximate 


values. 


The necessity for hardness conversion 


has been emphasized due to the war 


effort, as many plants are making parts 
designed and specified by engineering 
groups outside of their own organization, 
and using a different hardness system; 
hence a conversion table is necessary or 
new hardness equipment must be in- 
stalled. Where a situation of this kind 
arises, a great deal of trouble could be 
avoided by making a hardness conver- 
sion chart for the two hardness systems 
involved to cover the specific parts, ma- 
terial, and heat treatment by arranging 
for cooperative tests with the principal, 
thereby taking care of many variables 


Research 


1 Assistant Manager, Development and 
Inc., New York, N. Y. 


Phe International Nickel Co., 


DISCUSSION 


automatically. This is especially de- 
sirable in the lower range of hardness, 
and, further, a separate table should be 
made for each material, such as brass 
and bronze, steel, stainless steel, etc. 

Mr. Heyer’s analysis of the SAE 
diamond pyramid hardness versus Rock- 
well ““B” values, as shown in Fig. 5, was 
done, I believe, without his knowledge of 
the material used in arriving at the 
SAE curve, and his deductions regard- 
ing the character of the materials used 
are correct, that is, materials capable of 
high work-hardness. The SAE tables 
are based entirely on steels of the con- 
structional type as distinguished from 
tool steels, high-speed steel and stainless 
steels, and, further, these steels were in 
the annealed, normalized or heat-treated 
condition; no tests on cold-worked steels 
were included. In the lower end of the 
hardness range such steels as SAE 1015, 
1010, and ingot iron were used in the 
annealed or normalized-and-drawn con- 
dition for making the determinations. 
In the higher range of hardness both 
plain carbon and alloy steels were used 
in various conditions of heat treatment. 
While the SAE table is indicated as 
approximate hardness conversions, an 
additional precaution is taken by show- 
ing numbers in italics for values beyond 
the practical range of usefulness of the 
machine, but included by a popular de- 
mand as a quick reference. 

Mr. E. InGERsOoN® (by letter).— 
In addition to providing much objective 
and useful data on hardness conversion, 


2 Bell Telephone Laboratories, Inc., New York, N. Y 
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Mr. Hey er’s very interesting paper pro- 
vides another important step toward an 
understanding of what an indentation 
hardness test really measures. 

An unfortunately large number of 
hardness conversion tables have been 
published without sufficient warning as 
to their limitations. This has led to a 
widely prevalent custom of regarding 
hardness as a fundamental property of a 
material, and expecting hardness con- 
version relations to be absolute, and the 
same for all materials. Many people 
have recognized, on the other hand, that 
the hardness test gives a result depen- 
dent upon a combination of properties, 
but it has not been clear which proper- 
ties, or how they are combined. 

It now appears that we may be in a 
position to say, at least as far as first 
order effects are concerned, what we are 
measuring when an indentation hardness 
test is made. First, let us recognize 
that a single hardness test compares to 
a single point on a stress-strain curve. 
Just as elongation under load, a single 
point on a stress-strain curve, is useful 
for specification and control, so is a 
single hardness test. But just as no one 
would be so fatuous as to assume that 
because two materials happen to show 
the same elongation under a certain load 
the entire stress-strain curves are identi- 
cal, so no one should expect that because 
two materials show the same hardness 
on one particular scale they should show 
identical results for all loads on all types 
of penetrators. 

Consider the following facts: Meyer 
found that the Brinell test could be sys- 
tematized according to his well-known 
law 

= ad” 

Van Deusen, Shaw, and Davis* showed 

Shaw, and C. 


2H. N. Van Deusen, L. Davis, 


“Physical Properties and Methods of Test 
Brass,’ Proceedings, Am. Soc. ate Mats., Vol. 27 
Part II, p. 173 (1927). 


that the constant a is linearly related to 
tensile strength for a variety of alloys. 

An analogous relation‘ has been found 
for the Rockwell ball test 


Birk _ 


where C seems to be a fairly well defined 
universal constant, S the tensile strength, 
h the penetration depth, AW the differ- 
ence between major and minor loads, 
and d the penetrator diameter. The 
constants » and m both are measures of 
work-hardening capacity. Thus it ap- 
pears that conversion between the vari- 
ous Rockwell scales and between Brinell 
tests with different loading ratios are 
determined only by work-hardening 
capacity. 

Now Mr. Heyer’s work indicates that 
this is also true of the cross conversions 
Rockwell-Brinell-diamond pyramid 
hardness. Given a certain hardness de- 
termined by one method and a corre- 
sponding work-hardening capacity, we 
can state with confidence that the con- 
version relations will be the same as for 
any other material that has the same 
work-hardening capacity at the same 
hardness level. 

Thus, to systematize the whole pic- 
ture, it would seem that we require work- 
hardening capacity versus hardness rela- 
tions. One way to present these is to 
obtain values of Meyer’s constant » for 
various hardness. We may, for in- 
stance, plot versus Bn for an alloy. 
Suppose that we have experimental 
hardness conversion relations for this 
alloy also. Then if on any other alloy 
we run a Meyer’s analysis or the corre- 
sponding Peek-Ingerson analysis for 
Rockwell, and find the same value of n 
or m corresponding to the same hardness 

4R. L. Peek, Jr., “Analvsis of 


Rockwell Hardness Data,” Proceedings, Am. Soc. Testing 
Mats., Vol. 39, p. 1270 (1939). 
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on any scale, we may be sure that the 
same hardness conversion relation will 
work. The accompanying Fig. 1 shows 
m versus Rockwell “B” relations de- 
rived from Wilson Chart 38, from the 
data recently taken on 70-30 brass and 
from data on 18 per cent chromium 8 per 
cent nickel stainless steel. One point 
taken on an aluminum alloy is also in- 


as cluded. Note that the Wilson chart can 


be used to a good approximation on car- 
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ing is certainly important, and merits 
much more study. I hope Mr. Heyer’s 
work will help stimulate the interest 
which the indentation hardness test 
merits, and that as time permits, ad- 
ditional research along these lines will be 
conducted. 

Mr. D. A. Paut.5—I think Mr. Heyer 
is indeed to be congratulated on present- 
ing us with some very interesting and 
worthwhile data. 


° Wilson Chart 
ilson Chor 

1.1 = 

1.10 


Constant 
eo 


1,05 


Cab 


Fur 


40 


tridge brass, but will be unsatisfactory 
for either stainless steel or aluminum. 

Another line along which efforts in this 
field should be directed is that of using 
the hardness test as a research tool. 
Too often it is regarded as useful for 
inspection only. Yet it is one of the 
most direct ways of measuring work- 
hardening capacity, which is certainly 
related to the deep drawing and other 
forming characteristics of metals and 
alloys. 

‘The influence of time in hardness test- 


Rockwell B 


“Fic. 1.—Relationship Between Constant m versus Rockwell “B” Hardness Derived 
from Wilson Chart 38. 
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We find in the case of aluminum alloys 
that when Rockwell scales having differ- 
ent ratios of load to square of ball di- 
ameter (L/D*) are employed the con- 
version relation obtained for cold-worked 
metals is distinctly different from that 
obtained for annealed metals. The lat- 
ter, of course, have greater work-harden- 
ing capacity than the former. When 
two scales having about the same ratio 
of L/D* are compared, however, one 


6 Aluminum Research Laboratories, Aluminum Com- 
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single relationship holds for both an- 
nealed and cold-worked materials. 

If Mr. Heyer’s results for the “F” 
scale, for which L/D? equals 19.9, are 
plotted against those for the ‘45-T” 
scale, for which L/D* equals 16.6, it will 
be seen that the points fall quite close 
to a straight line and that this line is 
not very different from that given by 
the Wilson Mechanical Instrument Co. 
Chart 38. 

Mr. J. J. Kanter.*—I should like to 
raise a point with regard to the diamond 
pyramid numbers. Presumably Mr. 
Heyer’s chart is based upon a diamond 
pyramid with an included angle of 136 
deg., which is correct for the Vickers 
test. Unfortunately there are a number 
of Vickers type indenters in use having 
included angle appreciably greater than 
136 deg. and ranging anywhere from 
140 to 155 deg. 

Persons making tests with indenters 
having such a discrepancy in angle will 
find their results are considerably differ- 
ent from those obtained with the stand- 
ard 136-deg. indenter, and inasmuch as 
so many domestically made off-angle 
indenters are in use, it would be highly 
desirable if the factor introduced by 
variation of included angle could be 
evaluated for use with Mr. Heyer’s con- 
version chart. 

Mr. Rosert H. Hever? (author’s 
closure).—The need for reliable hard- 
ness conversions is evident from the 
interest shown in this work. Two meth- 
ods of attacking the problem of pro- 
viding such conversions have been ad- 
vanced in the discussions. 

Mr. Wickenden recommends the es- 
tablishment, by cooperative tests, of 
specialized conversions for specific ma- 
terials or parts. This would insure sub- 
stantial agreement between producers, 


6 Materials Research Enginee 
7 Metallurgist, The American 
town, Ohio. 1s 
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fabricators, and purchasers using dif- 
ferent types of hardness testing equip- 
ment. No doubt this principle is al- 
ready in operation in many instances 
without official recognition. It is de- 
batable to what extent the Society 
should act to recognize such special 
conversions as the one for cartridge 
case brass. 

Mr. Ingerson’s proposal to use work- 
hardening capacity as a basis for hard- 
ness conversions has the advantage of 
more general application. The deter- 
mination of work-hardening capacity 
using Brinell type impressions is not a 
difficult undertaking; neither is it a 
routine matter. The corresponding 
Rockwell method may lend itself more 
readily to this purpose. However, ex- 
perience with this test is as yet very 
limited, and while the experimental 
details may be less troublesome than in 
the Meyer test, it appears that the 
calculations are more so. 

It is quite possible that hardness con- 
version relationships at different levels 
of work-hardening capacity, such as 
n = 2.0, 2.1, 2.2, 2.3, and 2.4, would be 
useful even though the “‘n” value were 
not determined for each hardness speci- 
men. Sufficient data are available on 
the Meyer “n” values for important 
classes of materials so that a reasonable 
estimate could usually be made, but it 
would be necessary to know whether the 
material was hard rolled, annealed, or 
precipitation hardened, for example, 
because mechanical and heat treatment 
is often more important than composi- 
tion in determining work-hardening 
capacity. 

Of the two suggested procedures, 
Mr. Wickenden’s proposal offers the 
most practical solution until time permits 
development of more general conver- 
sion relationships recognizing differences 
in work-hardening capacity. 


Mr. Paul calls attention to the ad- 
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vantage of using the same ratio L/D* 
in ball-type tests, a principle which aids 
materially in eliminating the effect of 
differences in work-hardening capacities. 
Unfortunately there are very few com- 
binations of hardness scales in which 
this ratio can be maintained. 

There is very little information avail- 
able on correction factors for diamond 
indentors with nonstandard included 
angle. The Society specifies the stand- 


okt, 


Ree 
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ard angle of 136 deg. in the Standard 
Hardness Conversion Table for Cartridge 
Brass (Relationship Between Diamond 
Pyramid Hardness, Rockwell Hardness 
and Brinell Hardness) (E 33 — 42), and 
all future standards in which Vickers or 
diamond pyramid hardness tests are 
included should be made to conform 
with this established practice. 


8 1942 Book of A.S.T.M. Standards, Part I, p. 925. 
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NG-TIME VOLUME CHANGES OF PORTLAND CE ; 


SYNOPSIS 


This paper presents a continuation of the studies reported in the A.S.T.M. 
Proceedings for 1911, 1914, and 1928.2 There are available for study over 
450 bars of known history which have been observed for periods ranging 
from 17 to 41 yr. The cements include a variety of commercial cements, 
and cements made in the laboratory whose composition differs in some cases 
quite widely from those found in commerce. A selection of 185 bars was 
made nearly 2 yr. ago for a special further study which involved alternations 
of the bars between the wet and dry states, with autoclave tests for some of 
the bars. Special attention was paid to the group carrying abnormally high 
magnesia. 

All of the cements retain their property of expanding when placed in water 
and contracting when placed in air. Progressive elongation continues when 
the periods of immersion in water are longer than those of dryness. Mortar 
bars expand and contract less than those of neat cement, but show larger 
volume changes than would have been expected from the amount of cement 
they contain. The chemical composition of the cement and the percentage 

of mixing water influence the extent of the volume changes somewhat, but 
do not change their nature. The autoclave test did not cause excessive 
expansion of these old bars except where they contained larger amounts of 
magnesia than are permitted by the standard specifications. Not all of the 
bars containing high magnesia expanded in the autoclave test, since it appar- 
ently detects only free magnesia and not magnesia in combination. 


The study of portland cement at the 
University of Michigan was commenced 
in 1899 under the direction of the late 
Prof. E. D. Campbell with the present 
senior author as a junior collaborator. 
Bauschinger in Munich had reported a 
few measurements on changes in length 
of cement bars in 1879, but the first 
systematicstudy of progressive changesin 


1 Professor of Chemical Engineering, and Research 
Assistant, respectively, University of Michigan, Ann 
r, Mich. The studies during the past year were 
financed in part by a grant from the Horace H. Rackham 
Fund of the University of Michigan. 

2 A. H. White, “‘Destruction of Cement Mortars and 
Concrete Through Expansion and Contraction,” Proceed- 
ings, Am. Soc. Testing Mats., Vol. XI, p. 531 (1911). 

A. H. White, ““Volume Ch in Portland Cement 
and Concrete,” Proceedings, Am. . Testing Mats., Vol. 
XIV, Part II, p. 203 (1914). 

A. H. White, “Volume Changes of Portland Cement as 
Affected by Chemical Composition and ng,” Proceed- 
ings, Am. Soc. Testing Mats., Vol. 28, Part II, p. 398 (1928). 


volume of cements was made at the Uni- 
versity of Michigan and was published 
in 1906.2 It was not realized at that 
time that hydrated cement would shrink 
when dry and expand when wet. The 
first presentation of this subject was 
made before this Society in 1911 by the 
senior author of the present paper, and 
further studies have appeared since that 
time.2:* The chief value of the present 
paper comes from the long period of 
time covered by these studies. 


3 E. D. Campbell and A. H. White, ‘“‘Some Conditions 
Influencing Constancy of Volume in Portland Cements,” 
Journal, Am. Chemical Soc., Vol. 28, p. 1273 (1906). 

4A. H. White, “Volume Changes in Concrete,”’ Trans- 
actions, Internat. Eng. Congress, Volume on Materials of 
Engineering Construction, pp. 242-273, San Francisco 
(1915). 
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Fic. 1.—Change in Length of Bars of Commercial Neat Cements and of Cement Mortars when 
Immersed in Water and Dried in Air. Mee ied 
131 G, 150 A and 191 C are neat cements. 174 A and 174 C are 1:2 mortar. 
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VoLUME CHANGE OF COMMERCIAL 
CEMENTS AND CEMENT 
MortTArs 


Commercial Cements: 


The volume changes of bars of neat 
cement made from three commercial 
cements of acceptable quality are shown 
in Fig. 1. Bar 131 G was made from 
cement manufactured by one of the 
larger mills of the United States in 1908. 
{t remained in water for 3 yr. reaching 
an apparently constant length with an 
expansion of 0.1 per cent. It was then 
removed from water and placed in dry 
air, then in water and again in air with 
four alternations as shown on the graph. 
Each time the bar was allowed to be- 
come thoroughly dry it shrank about 
0.15 per cent, each time it was wet for 
several months the expansion was some- 
what greater than it had been before, so 
that although after 3 yr. continuously 
in water its length had apparently 
stabilized at +0.10 per cent, its length 
after four alternations in four more 
years was +0.25 per cent. Between 
the sixth and seventh year the bar was 
frozen several times while completely 
saturated with water, without any 
measurable change in the length of the 
bar after it had been thawed out. This 
bar was then allowed to stand in air for 
13 yr. and at the end of that period it 
had shrunk to approximately its initial 
length. When it was immersed in 
water again it expanded rapidly and 
after 2 yr. immersion was distinctly 
longer than at any previous time. It 
was then alternated five times between 
water and air during the next 2 yr. and 
after this series was completed its 
length when wet was +0.40 per cent. 
It was then left in dry air for 11 yr. and 
was then given a standard A.S.T.M. 
autoclave test.’ The expansion was 

5 Tentative Method of Test for Autoclave Expansion of 


Portland Cement (C 151 - 40 T), 1940 Supplement to Book 
of A.S.T.M. Standards, Part II, p. 176. 


0.13 per cent. Although the manipula- 
tion of the autoclave was according to 
A.S.T.M. methods, the procedure dif- 
fered in that this bar was thoroughly 
dry when placed in the autoclave. The 
treatment with high-pressure steam did 
not expand this bar to the length it had 
previously attained when saturated with 
water. Our usual procedure would have 
been to have kept this bar in water to 
see whether it continued to elongate but 
one of the glass plates had become 
loosened during the autoclave treatment 
and so measurements were discontinued. 

Another brand of commercial cement, 
cement 150 A, elongated to what was 
apparently a constant length of +-0.20per 
cent after 4 yr. in water, then contracted 
as it lay in air for the next 8 yr., ex- — 
panded rapidly on being placed in water — 


and then more slowly as it lay in water x Fas 


for 5 yr., contracted and expanded with 
4 alternations between air and water 
during the next 2 yr. toa length of +0.32 
per cent. After 11 yr. in water the 
length had grown to +0.46 per cent and 


on standing in dry air for 5 months it __ 


It was 
then placed in the autoclave while dry, 


contracted to +0.30 per cent. 


and, after the test, had expanded about 


0.30 per cent. This was about 0.15 per — 


cent more than it had'shown when satu- | o 


rated with water. On leaving it in 


water for two months it continued to | 


expand to +0.64 per cent, then con- 
tracted on 6 months in dry air to +0.58 
per cent. It was then given a second © 
autoclave test which caused it to expand 
an additional 0.43 per cent. 

Cement 191 C is a_ high-alumina 
“Lumnite” cement stored in air after — 


its first measurement with alternations © >, 


between air and water as shown. On 


autoclaving after having been in water _—~ 
for 12 ‘yr. it showed very little ee ae 
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Cement Mortars: 


Most of the bars of cement mortar 
_ were made in the laboratory with stand- 
_ ard sand. They all show change in 
ina length with change from wet to dry 
conditions but in lesser degree than neat 
aa cements. The bars chosen for presenta- 
tion are two made from a batch of 


It was then alternated as shown in Fig. 
1. Bar 174 A which had its colloid 
more fully developed by long initial 
immersion in water expanded 0.10 per 
cent on the last alternation from dry air 
to water. Bar 174 C which was allowed 
to dry out for a time immediately after 
it was removed from the mold had a 


149 Set 3 
2 

pies. A 

8 

D 

8 

34 
N 
2.30 
a Mixing Water , per cent 


Fic. 2.—Effect of Variation in the Percentage of 


Mixing Water on the Changes in Length and 


Specific Gravity of Bars of Neat Cement. 


The bars of set 1 were allowed to become dry as soon as oe were removed from the mold. The bars of set 2 were 


allowed to dry out more slowly. 
Curve A=after 4 yr. in air, 
Curve B=after 27 yr. in water, 


x 


commercial mortar which was being 
used as the top course of a pavement in 
Ann Arbor in 1914. The specifications 
called for a 1:2 mortar. One of these 
bars was kept immersed in water for 
nearly 14 yr. after it was removed from 
the mold. The other was kept in air 
for 15 ren s before Settles placed in water. 


* 


y 


re 


; Curve C=immediately after autoclaving, and 
a" Curve D=in water 2 months after autoclaving. 


somewhat smaller expansion, 0.07 per 
cent, on its last immersion in water for 
9 months. 


EFFECT OF VARYING PERCENTAGE OF 
MrxInc WATER 


A commercial cement was used and the 
percentage of mixing water was varied 
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g. in five steps from 18 to 26 percent. One 
id set of five bars was placed at once in air 
al and the second set was placed in a closed 
er glass jar where it would not gain moisture 
ir and would lose it only slowly. These 
d dry conditions were maintained for 
ra approximately 4 yr., and then all of the 
> bars were placed in water for 27 yr., 


after which they were all given the 
standard autoclave test. 

The variation in the percentage of 
mixing water gave a graded plasticity 
ranging from a very stiff mass with 18 
per cent to a soft gel with 26 per cent of 
water. The differences in volume 
changes with varying water content were 
-~ less than had been expected. The bars 
in set 1 which were placed in the air of 

the laboratory immediately after re- 

moval from the molds shrank rapidly 
and after 4 yr., their length differed in 
only a small degree from an average of 
—0.35 per cent as shown in curve A of 
Fig. 2. When these bars were placed in 
water they all gradually expanded about 
0.10 per cent as shown in curve B. 
When given the autoclave test after 4 
yr. in air and 27-yr. in water the expan- 
sions did differ, although they were small 
in all cases. The bar with 20 per cent 
mixing water expanded the most, 0.17 
per cent, and those with 24 and 26 per 
cent mixing water expanded very little 
as shown in Fig. 2. These bars were 
nd | left two months in water after being 
autoclaved and each one expanded 
slightly and to an almost equal degree. 

The bars of set 2 were allowed to dry 
out quite slowly in a closed glass jar 
er and so the cement was given a greater 
or opportunity to react with the water. 

The. resultant shrinkage when the bars 
were allowed to become thoroughly dry 


ere 


oad was distinctly less than in those of the 

first set and the elongation after 27 yr. 
he in water was also less. When the bars 
od were autoclaved, the maximum expan- 


sion again occurred in the bar with 20 
per cent mixing water and theminimum 
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expansion in the bar with 26 per cent __ 
water. The densities of these bars were 
determined after they had been im- 
mersed in water for 27 yr. and they offer _ 
a partial explanation of this behavior. 
The bars of set 2 showed less shrinkage _ 

after 4 yr. in dry air because of the initial 
storage in damp air, and they all showed 
a lower specific gravity than the bars of 
set 1 for the same reason. There was 
not much difference in the specific gravi- 
ties of the bars with 18, 20 and 22 per — 
cent water but a distinct decrease in 
specific gravity of the bars with 24 and 
26 per cent mixing water. These two 
bars also showed almost no expansion _ 
after autoclaving. Anapparently plaus- 
ible explanation ascribes this to voids __ 
in those bars which were made with too ‘ 
much mixing water. This hypothesis 
will not explain the low expansion of the _ 
bars with 18 per cent of water, after the 
autoclave treatment. 


EFFECT OF FINENESS OF CEMENT 


An experiment to determine the effect ‘ 
of fineness of the cement powder was 
initiated in 1910. Acommercialcement 
was sifted on a No. 200 sieve and the Ty 
material passing and the residue ree 
maining on the sieve were made into 
experimental bars. A separate sample 
was sifted on a No. 100 sieve and the 
coarser residue was made into a bar. | 
These 3 bars and one made of the regular _ 
commercial cement were kept in water 
for 18 yr., then given 7 alternations of _ 
60 days each between water and air,and ve 
then placed in water again. All of the inte 
bars show the characteristic changes in | 
length between the wet and dry states. 
The regular cement with its mixture of _ 
relatively coarse and very fine particles 
shows the greatest variations in length Be <a « 
and the residue left on the No. 100 sieve | ie a 
shows only about half as much, as might 
perhaps have been expected from the — 
probable percentage of voids in the 
various fractions. 
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Fic. 3.—Changes in Length of Bars of Neat Cement Burned in a Laboratory Kiln. 
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CEMENTS BURNED IN LABORATORY KILN 


The methods of manufacturing the 
laboratory cements as well as the chem- 
ical composition of some of the cements 
may be found in the papers? to which 
reference has already been made. Some 
of the cements were made from pure 
laboratory materials, and others were 
burned in the laboratory from materials 
in commercial use. The raw materials 
were ground wet-in a ball mill. The 
temperatures of buyning were carefully 
controlled and the cements all passed the 
soundness test unless there is a statement 
to the contrary. The following illustra- 


TABLE I.—COMPOSITION OF CEMENT CLINKERS. 


| 
Constituents, PER CENT 
SiOe... . 60121 
AlzOs....| 7.64) 7.77 6.8011.15 9.09 6.54 6.78 3.08 2.77 
Fe2Os...| 2.81) 2.67 3.17) 0.35 2.56 0.56 1.95 6.23 0.14 
CaO... . 1065 9063.01 62.2559. 1564.40 70.06 
MgO....| 7.05 7.21 1.87 0 | 2.73 7.60 8.25 2.99 0 
COMPOUNDS, PER CENT® 
CaS... ./13.1 | 5.7 |20.1 [21.0 (27.9 \32.2 {11.1 (53.4 163.1 
CaS... .|S5.7 \62.9 55.2 |49.0 40.7 42.2 |56.0 26.5 29.1 
CsA.....|15.5 |16.1 |12.7 29.0 19.8 16.4 14.7|.... | 7.1 
CsAF....| 8.5 | 8.1 9.6 | 1.0| 7.8) 1.7| 5.9 14.7 | 0.4 
MgO....| 7.2} 1.9! © | 2.7/7.6 8.2|3.0| 0 


* Calculated in the laboratory of the Portland Cement 
n. 


| tions show the properties of some of 
these cements. The composition of the 
clinkers is given in Table I. 

Cement 115 was made from a ground 
mix sent us by one of the commercial 
cement mills. This was the only cement 
which was burned in a fixed kiln. The 


fresh cement passed the soundness test 
and set slowly enough so that no gypsum 
was added. Figure 3 shows that its 
volume changes were normal and smaller 
than the commercial cements given in 
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Cement 112 was made from pure 
calcium carbonate, glass sand and kaolin 
so as to be free from magnesia and very 
low in iron. The cement was entirely 
sound when it was freshly ground and 
was mixed with 2 per cent calcium sulfate 
before it was made into an expansion 
bar. The volume changes as shown in 
Fig. 3 are normal and small in amount. 

Cement 141 was made to determine 
the effect of low AlO; and high Fe,0s, 
with limestone, silica sand, and a clay 
modified by the addition of FeO; as the 
raw materials. The analysis as given 
in Table I shows that tricalcium alumi- 
nate was absent and that there was 2 
per cent of dicalcium ferrite present. 
The cement was entirely sound when 
freshly ground and bar 141 C was made 
immediately after grinding the fresh 
clinker. This bar has unusually small 
volume changes but shows the usual 
progressive expansion on alternations 
between air and water. It will be noted 
that this bar was in damp air for 9 yr. 
and continued its slow expansion. Ex- 
posure to damp air causes nearly as 
great expansion as immersion in water. 
It was next placed in water for 6 months 
and then autoclaved, contracting slightly 
after the autoclave treatment. After 2 
months more in water it had expanded 
again to substantially its length before 
autoclaving. 

Cement 144 was made in 1909 in an 
effort to approximate tricalcium silicate 
as closely as possible. After many 
failures it was found that a small amount 
of Al,O; helped the clinkering process, 
and a sound cement was obtained by 
reburning a clinker containing 63.1 per 
cent tricalcium silicate, 29.1 dicalcium 
silicate, and 7.1 tricalcium aluminate. 
This cement shows normal and rather 
low volume changes, and slight contrac- 
tion after being autoclaved when the 
sa was 32 sigs) old, as shown in re 3. 
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Fic. 4.—Variations in Length of Neat Cement Bars Showing Effect of Free and of Combined 
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EFFECT OF ADDED FREE MAGNESIA 


The effect of adding magnesia to a 
sound commercial cement is shown in 
Fig. 4. The magnesia was prepared by 
burning magnesite in the laboratory 
kiln to the temperature usually used for 
burning portland cement, and then 
grinding it to the fineness of portland 
cement. Mixtures were made contain- 
ing 1, 2, 3, and 4 per cent of this mag- 
nesia, with the commercial cement 85, 
and bars were made from each mixture. 
As a check another series of bars was 
prepared containing the same amount of 
MgO, added not as free MgO, but as the 
MgO in the magnesia cements 80 and 82 
whose composition is given in Table II. 


TABLE Il. COMPARISON OF COMPOSITION OF 
THE “ALL MAGNESIA” CEMENT WITH 
NORMAL CEMENT. 


and 82 Cement 85 
‘er- - 
centage Mols centage Mols 
9.8 20. 6.8 16.4 
5.1 18.9 63.1 276.9 
E 53.1 274.7 1.9 11.4 


A report on one set of these bars was 
reported in the 1928 paper. A dupli- 
cate set of bars was prepared as experi- 
ment 85. The life history of two bars 
of this latter experiment is shown in 
Fig. 4. Bar 85 I was made from this 
commercial cement with which 3 per 
cent of the finely ground hard-burned 
magnesite had been mixed. The bar 
expanded somewhat rapidly for the first 
2 yr. but then elongated at an accelerated 
pace as it lay in water until at the end of 
8 yr. its length was +0.890 per cent. It 
expanded extremely slowly as it became 
older and after 39 yr. in water its length 
was +0.993. It was then placed in dry 
air for 4 months and contracted a normal 
0.12 percent. An autoclave test at that 
time caused an elongation to 4.48 per 
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cent, much too large to be shown on the 
graph. It lay in water for two months 
more and expanded an additional 1.35 
so that its length became +5.83 per cent 
Bar 85 Q was made as a duplicate of 85 
I with the single exception that the MgO 
was in the combined form of Cement 82 
instead of in the free form. This bar 
showed only normal expansion as it 
lay in water for 40 yr. andon autoclaving 
at the end of that period. 


Effect of Combined Magnesia—An “All 
Magnesia’”’ Cement: 


The similarity of CaO and MgO is 
great, and it is known that MgO com- 
bines with SiO», and Al,O; to form slags. 
It was not known whether it could be 
made to combine completely in mixtures 
as basic as those normally found in 
portland cement. A commercial] clay 
was accordingly mixed with pure mag- 
nesium carbonate and burned in the 
usual manner in the laboratory rotary 
kiln. It sintered at a temperature 
about that of a normal portland cement 
to give a dense, well-burned clinker, 80, 
which was ground and mixed with 1.5 
per cent plaster of Paris. It required 
21 per cent of water for normal consist- 
ency, took its initial set in 52 min. and 
its final set in9 hr. It passed the normal 
boiling test for soundness, but did not 
give a strong pat. Only a small amount 
of cement was available for tension tests 
but ten briquettes of neat cement were 
made and stored in water. Two bri- 
quettes were broken after 28 days and 
showed a tensile strength of 36 and 49 
psi., respectively. After 3 months two 
more showed 88 and 94 psi. At 1 yr. 
the figures were 96 and 131, and two 
briquettes broken after 2 yr. in water 
had a tensile strength of 157 and 166 psi. 
A second burning of this same mixture 
was made as cement 82. It gave a sim- 
ilar clinker which passed the soundness 
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Fic. 5.—Variations in Length of Neat Bars of Natural Cements and of Portland Cement Mortar 
Containing Dolomitic Lime. 
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test. The behavior of one bar of each 
of these cements is shown in Fig. 4. 
Both of the bars 80 A and 82 A behave 
perfectly normally and show rather 
small changes in length when changed 
from dry to wet conditions and when 
autoclaved. 

The composition of this cement is 
shown in Table II in terms of percentage 
and mols. It cannot be expressed ‘in 
terms of compounds such as tricalcium 
silicate since it contains almost no lime. 
For comparison the composition of the 
commercial cement 85 is also given in 
Table II. If the CaO and MgO are 
added together the normal cement 85 
has 288.3 mols RO to 100 of SiO. and 
the ‘“‘all-magnesia’”’ cement 80 has 293.6 
mols RO to 100 of SiO, This “all- 
magnesia” cement complied with the 
old definition of portland cement in 
every particular unless it may be 
claimed that it was not “properly pro- 
portioned.” No claim is made that 
this cement with 53.1 per cent MgO has 
value as a commercial product. It is 
presented as proof that large amounts of 
MgO may be brought into combination 
in a clinkered hydraulic cement. 


THe AUTOCLAVE TEST ON OLD CEMENT 
Bars 


The autoclave tests reported in this 
paper were made in the standard auto- 
clave operated in accordance with the 
A.S.T.M. test procedure.’ The tests 
differed in that they were made on old 
bars which had been exposed to different 
conditions of wetness and dryness. 
Most of the bars had been lying in water 
for rather long periods before being 
placed in the autoclave, but some were 
thoroughly dry and were taken at once 
to the autoclave from dry air. It is 
evident that when dried bars are placed 
in the autoclave there will be some 
normal expansion due to the hydration 
of the dried colloid and that an allow- 
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ance should be made for this before 
calling an expansion abnormal. The 
expansion of the dried bars was not 
large as may be seen in bar 131 G of Fig. 
1 and bar 82 A of Fig. 4. Bar 150 A 
of Fig. 1 is higher but not excessive. 
The only bars whose expansion in the 
autoclave test was over 0.5 per cent were 
those to which hard-burned MgO had 
been added intentionally and those made 
from a natural cement known to be high 
in magnesia. Illustrations of this high 
expansion may be found in Fig. 4 where 
bar 85 I to which 3 per cent of hard- 
burned MgO had been added had 
expanded 4.48 per cent when measured 
after the autoclave treatment. The 


expansion is so large that the chart was | 
altogether too small to record itanditis 


indicated by the number placed on the 
graph. Just above this curve in the 


same figure is the behavior of bar 82 A 


with 53.1 per cent combined MgO which 
was autoclaved urder similar circum- 
stances and showed only 0.16 per cent 
expansion. Illustrations of high expan- 
sion in a natural cement are shown in 
bars 184 I and J of Fig. 5. 


It is quite evident that the autoclave __ 


test has detected free hard-burned MgO 


which had been ground finely, mixed 
with neat cement, and made into a bar 
only 1 in. square which had remained __ 


in water continuously for 40 yr. without 


hydration as instanced in Bar 85 I. 
is true that the presence of free MgO had 
seemingly been shown by the large 


expansion of the bar during the first 8 


yr. of its life, but the very slight pro- 
gressive expansion during the next 30 


yr. would have led to the belief that — 


hydration had been substantially com- 


plete after 8 yr. in water. 


remainder was inactive because no 
water could wads its way into = dense 
bar. 


The auto- 
clave test shows that only a part ofthe __ 
magnesia had hydrated and that the 
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There have been a few cements which 


have shown an actual contraction on 


autoclaving, among them 141 C and 
144 D of Fig. 3. They carry the highest 
percentages of tricalcium silicates and 
the lowest percentages of dicalcium 
silicates of all of our laboratory cements. 
They also contain the lowest percentage 
of Al,O;. These cements also show the 
minimum progressive expansion on long 
immersion in water. Cements 79 and 
132 showed an abnormal expansion on 
long immersion which was attributed, 
in the 1928 paper, to free magnesia. 
The autoclave test indicates that free 
magnesia is not present in these cements 
in measurable amounts. The cements 
which show slow progressive expansion 
through many years are also those with 


oe high percentages of dicalcium silicate 


and it is possible that the progressive 


_ expansion may be due to the slow hydra- 


tion of this constituent. There are too 
few different compositions available to 


“d _ make it wise to do more than call atten- 
tion to this point. 


Commercial cement 150 expanded 


from +0.30 to +0.59 per cent after 


being given the autoclave test while dry. 
This procedure was repeated 6 months 
later and it expanded from +0.58 to 
+1.01 per cent. The composition of 
this cement is not known. 


MAGNESIA ADDED TO THE RAW 
MATERIALS AS CARBONATE 


Cement 74 was made in the laboratory 
from clay and marl with an addition of 
magnesium carbonate sufficient to bring 
the MgO to 7.03 per cent in the clinker 
as shown in Table I. The lime in the 
mixture was rather low, only 13.1 per 
cent tricalcium silicate being calculated 
as present in the clinker. The slurry 
was not grotnd finely enough before 
burning and the fresh cement did not 
pass the soundness test. After storing 
the cement for 8 months it became sound, 


and bars 74 C and D were made from 
this stored cement. The life history of 
those two bars is shown in Fig. 3. Bar 
74 D was kept continuously in water for 
15 yr. with a progressive expansion to 
+0.44 per cent, which is not larger than 
some of the commercial cements of Fig. 
1. It was then alternated between air, 
damp air, and water with a length after 
40 yr. of +0.57 per cent. The bar was 
then removed from water and given a 
standard autoclave test but expanded 
only 0.02 per cent. On further storage 
in water it continued its expansion. 

Bar 74 C was a duplicate of 74 D which 
was kept in dry air for the first 15 yr. of 
its life. It contracted in a normal man- 
ner and showed normal volume changes 
in alternations between air and water. 
In its fortieth year it was removed from 
dry air where it had lain for 10 yr., 
immersed in water two months, which 
caused an increase in length of 0.05 per 
cent and then given a standard autoclave 
test which caused an expansion of only 
0.02 per cent. On storage in water for 
six months more it expanded 0.05 per 
cent to bring its length almost exactly 
to its initial measurement. 

This cement contains 7.03 per cent 
MgO but the autoclave test does not 
indicate that it contains any free MgO. 
The slow expansion during 16 yr. in 
water to +0.44 per cent is larger than 
that of any of the other cements of Fig. 
2. Two of these cements, 112 and 144, 
contain absolutely no magnesia and it 
will be noted that they show almost no 
progressive expansion after immersion 
in water for 2 yr. The other two ce- 
ments 115 and 141 contain less than 3 
per cent of magnesia and do show a 
slight continuous expansion while re- 
maining in water. It may be that the 
rather large continuous expansion of 
cement 74 D indicates the slow con- 
tinuous hydration of MgO, but the 
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autoclave test does not indicate free 


magnesia. It might be argued that the 
magnesia had been completely hydrated 
by the long continued immersion in 
water and exposure to damp air. On 
the other hand it is difficult to see why 
bar 74 C did not expand in the autoclave 
since it had not shown any earlier 
expansion which should have come if 
any free magnesia had become hydrated 
prior to the autoclave test. The con- 
clusion is that all of the 7.03 per cent 
MgO in this cement had become com- 
ined chemically. 


MAGNESIA ADDED TO THE RAW 
MATERIALS AS SILICATE 


The cements under discussion that 
had been made in the laboratory all 
had magnesia added to the raw material 
in the form of MgCOs;. It was decided 
to make a cement with the magnesia 
introduced in the raw mix as a silicate to 
see whether any of the magnesia would 
appear in the cement clinker as free 
MgO. 

Cement 130 was made in the labora- 
tory from kaolin, pure CaCO; and talc 
containing 28.5 per cent MgO. Its 
composition is shown in Table I. The 
total magnesia was 7.6 per cent. This 
cement was so low in FeO; that it was 
not possible to obtain a clinker which 
did not contain free lime. The ground 
cement was aged 6 weeks but was still 
unsound when expansion bar 130 B was 
made. When placed in water it ex- 
panded yery rapidly showing an elonga- 
tion of 2.5 per cent in 7 days and 3.0 
per cent in 1 yr. Figure 4 shows an 
expansion of 2.6 per cent as its first 
record. The volume changes after the 
first year are not abnormal and there 
is nothing to indicate that any of the 
talc has been converted to free MgO. 
This bar was not autoclaved, because it 
had expanded so much in its early 
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history that it was feared that it would 
go to pieces in the autoclave. 

Cement 132 was made as a continua- 
tion of this study. The raw materials 
were a limestone carrying only 1.2 per 
cent MgO, kaolin, and tale. The lime- 
stone contained enough Fe,O; to make 
the mixture clinker more readily. The 
analysis of Table I shows 8.2 per cent 
of MgO, almost all of which had been 
added to the mixture in combination as 
talc. The cement was sound and set 
normally after an addition of 1.5 per 
cent of plaster of Paris. Bar 132 B 
showed normal expansion during its 
first year in water and then progressive 
expansion indicating perhaps a rather 
small amount of free magnesia. After 
32 yr. it was autoclaved and expanded 
0.21 per cent as shown in Fig. 4. Very 
little, and perhaps none, of the combined 
magnesia of the talc had been displaced 
to give free MgO. 

Another cement made to test the 
behavior of talc as a constituent is 
cement 79 whose composition is given in 
Table I. The history of the bars of 
this cement are not shown graphically 
because of lack of space. It contained 
7.2 per cent of MgO added to the raw 
mixture as talc. These bars showed 
only small expansion on autoclaving and 
the expansion while lying in water, 
although progressive, has not been 
extremely abnormal. 

When the report on these cements was 
presented in 1928 it was stated that it 
was believed the continued slow and 
rather small expansion of these cements 
in water indicated the presence of free 
magnesia. The autoclave test has not 
confirmed this diagnosis, and there is no 
experimental evidence in the data as 
now developed to indicate that any of 
the magnesium oxide introduced into 
the mixture as talc has been converted 
to free MgO in the cement. 
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BEHAVIOR OF NATURAL CEMENT 


An investigation of the volume 
changes in several of the commercial 
brands of natural cement was com- 
menced in 1921. Bars of neat cement 
were made and alternated between the 
wet and dry states as shown in Fig. 5. 
Bar 184 R does not show any abnormali- 
ties. Bars 184 I and J were made from 
one of the natural cements known to be 
high in magnesia. Bar 184 I was kept 
dry for the greater part of the first 19 
yr. of its life and showed a somewhat 
high contraction. After 1 yr. in water 
it expanded 0.32 per cent and when 
autoclaved it expanded 0.51 per cent. 
The companion bar 184 J was kept in 
water for the greater part of its life and 
after 19 yr. had expanded to +0.68 per 
cent. When autoclaved it expanded 
0.53 per cent more. The bar was kept 
in water after autoclaving and during 
two months in water it contracted 0.19 
per cent. This is the only bar in which 
such a contraction has been noted. 


Dotomitic Lime AS AN ADMIXTURE IN 
MorTAR 


Tests were commenced in 1913 with a 
mortar of one part of commercial ce- 
ment and two parts of bank sand by 
volume. Other mortars were made with 
replacement of varying volumes of this 
same cement by an equal volume of 
commercial hydrated lime whose anal- 
ysis showed 36.3 per cent MgO. The 
bars made without the substitution of 
any lime showed normal small changes in 
volume when alternately wet and dried. 
Bar 170 D was made with 10 per cent 
of the cement replaced with an equal 
volume of the hydrated lime. Bar 170 
G was made with 3 volumes of cement, 
7 volumes of hydrated lime, and 20 
volumes of sand. The life history of 
these bars is shown in Fig. 5. The effect 
of the replacement of 10 per cent of the 


cement by hydrated lime is not detect- 
able in 170 D. The replacement of 70 
per cent of the cement by hydrated lime 
causes greater expansion so that at the 
end of 27 years bar G has a length of 
+0.31 while bar D has a length of —0.01. 
On autoclaving bar G expanded 0.07 per 
cent and bar D only 0.02 per cent. 
These variations are small but are be- 
lieved to indicate free magnesia in the 
hydrated lime, since other bars of the 
set gave similar indications and a dupli- 
cate set made with high-calcium lime 
did not show this slow expansion on 
long-time immersion in water nor on 
autoclaving. 


CONCLUSIONS 


This study of the behavior of cement 
and mortar bars for periods as long as 
40 yr. confirms the conclusions expressed 
in earlier papers. The variations in 
length when changed from water to air 
and from air to water not only persist 
but tend to become larger with succes- 
sive alternations. This is probably due 
to the larger amount of colloid developed 
with time, and the filling of the voids 
so that there is less opportunity for in- 
ternal expansion as the cement becomes 
hydrated more completely. 

All of the cements show progressive 
expansion when alternated between air 
and water if the periods of immersion 
in water are fairly long. There is no 
indication that this progressive ex- 
pansion can be prevented by changes in 
composition or methods of manufacture 
of the cement. The remedy lies in re- 
moving the cause and keeping the 
hardened cement structures in an en- 
vironment where the moisture content 
is relatively constant. 

The commercial cements available 
30 yr. ago have shown larger volume 
changes than some of the cements made 
in the laboratory. The cements of to- 
day are made with much greater scien- 
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tific knowledge and with much more 
perfect control of the manufacturing 
process than were those of a generation 
ago and it is quite possible that the 
commercial cements of today show 
smaller volume changes than these older 
cements. 

Free magnesia in bars of neat cement 
makes itself evident by slow expansion 
on immersion in water. This expansion 
continues for several years and gradu- 
ally ceases even when the bars are lying 
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in water, probably because no more 
water can force its way into the bar. 
The autoclave test evidently detects 
this free magnesia which had not become 
hydrated even after immersion in water 
for 40 yr. Combined magnesia does 
not cause expansion in either water at 
room temperature or in the autoclave 
test. The autoclave test has not caused 
large expansion in any of the bars ex- 
cept those known to contain = mas 
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Mr. F. O. ANDEREGG.\—Mr. White’s 
cements were, of course, very much more 
coarsely ground than those of the present 
day, and the packing of the cement in 
the paste was much poorer, in all prob- 
ability, than that we encounter now. 
Therefore, the volume changes were 
probably somewhat greater than would 
be obtained with cements of the present 
day under similar conditions. 

Mr. H. H. VAUGHAN? (presented in 
written form)——This paper by Messrs. 
White and Kemp is most interesting as a 
continuation of that presented in 1928, 
and it is, I think, safe to say that no such 
record of the behavior of a large number 
of cements under various conditions of 
storage, extending over so may years, has 
ever been made available. The experi- 
ments on alternating periods of storage 
in water and air, which were such a 
feature of the paper used in 1928, have 
been extended for a longer time, and the 
majority of the tests cover a sufficient 
number of years to justify the conclusion 
that no abnormal changes will subse- 
quently develop. 

While desiring to express sincerely to 
the authors my admiration of the paper 
as a whole, I feel that the types of cement 
selected for the investigation of the effect 
& MgO content were not representative 
of commercial practice. The only nor- 
mal cement reported on in this connec- 
tion is cement 85 containing 1.9 per cent 
MgO in the mix. Bar 85 I consisted of 


“i 1 Consulting Specialist on Building Materials, Newark, 
io 
: ? Consulting Engineer, Montreal, P.Q., Canada. 
3A. H. White, “Volume Changes of Portland Cement 
as Affected by Chemical Composition and Agi Aging aie 
coatees, Am. Soc. Testing Mats., Vol. 28, Part II, p. 39 
(1928). 
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this cement with an addition of 3 per 
cent of hard-burned MgO and bar 85 Q 
of Cement 85 with the same amount of 
MgO in the combined form as existing 
in cement 82, which was constituted of 
29 per cent SiO. and 53 per cent 
MgO. It is stated that the hard-burned 
MgO was ground to the fineness of port- 
land cement, or say to a specific surface 
of 1600 to 1800. As the MgO grains 
found in practice are of 10 or 12-p 
diameter, a 10-u grain having a specific 
surface of 1900, it is evident that, apart 
from other considerations that will be 
referred to later, there is a decided 
difference between the action of MgO 
added in this form and that derived from 
the mix. This is illustrated in the ac- 
companying Fig. 1 showing a comparison 
between a “laboratory cement. group” 
containing varying MgO in mix, bar 
79 C given in White’s paper in 1928* 
containing 7.2 per cent MgO in the mix, 
and bars 83 D and 83 E also taken 
from the 1928 paper, in which 3 per cent 
and 4 per cent of hard-burned MgO had 
been added to normal cement 83. While 
the expansion in bar 83 D is slightly 
different from that of bar 83 E, it is of 
the same order, and it is important to 
note that at 10 yr. the expansion of 83 E 
is nearly ten times that of 79 C, and 
83 D is over four times that of 79 C. 
The expansion of bar 79 C corresponds 
almost exactly with that of the 7 per 
cent MgO cements in a “Laboratory 
cement group” which confirms the 
accuracy of the 1928 report on its 
behavior. 

In the case of the other cements em- 
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ployed as examples of high MgO content, 
th effect of the free CaO does not appear 
to have been given sufficient considera- 
tion and they were all laboratory-burned 
cements of unusual composition. Ce- 
ment 74 made from clay, marl, and 
MgCO; is stated to have been sound 
after 8 months and was then used for 


bars 74 C in dry air and 74 D in water. 


in 7 days and 3 per cent in 1 yr., evi- 
dentiy due to the high free CaO content. 


I regret that Mr. White was unable to 


give us further data on bar 79 C reported 
in his 1928 paper; this was a normal 
cement with 7.2 per cent MgO in the mix 
and at 5 yr. showed an expansion almost 
exactly equal to that of the 7.0 per cent 
cements in a “laboratory group” and 


Bor No. 83 E (White's Paper) 
187% MgO in Mix 
4% Hard-burned Added 


4 


Bar No. 83 D (White's Paper) 
/ 1.87% MgO in Mix Mek: 
3 %o Hard - burned Added ~¥ 


Expansion, per cent 


05 A 2,-4.8 % \ Laboratory Cements_| 
cd. 1% { MgO in Mix ‘ 


| Bar No.79C (White's Pa, 
12% MgO ii in Mix at yr. 0. 


0 ! 2 3 a 5 


Time, yr. 


Fic. 1.—Comparison of Expansion Properties of Several Types of Cement. 


Its MgO content was 7.03 per cent and 
while the expansion was not excessive, 
it was considerably greater than has 
been shown in other tests. 

Cement 130 made from kaolin, CaCO; 
and tale containing 28.5 per cent MgO, 
had an MgO content of 7.6 per cent but 
Fe2O; so low that cement without free 
CaO could not be made. After aging 6 
weeks, tests of this cement in water 
storage showed expansions of 2.5 per cent 


0.26 per cent at 16 yr., entirely different 
from that of cements with MgO added. 
I feel that in storage expansion teSts 
it is desirable in so far as possible, to 
select cements of similar composition 
with one variable compound and for this 
reason a “laboratory cement group” 
peculiarly valuable since, while the MgO 
contents varied from 1.3 per cent to 9.8 
per cent, the free CaO contents were in 
all cases 0.3 per cent or less. In these 
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cements in which the MgO was derived 
from the mix, the expansion both at 1 
and 5 yr. was remarkably constant in its 
relation to the MgO content up to 7 
per cent or 8 per cent above which there 
was a tendency to increased expansion. 
When cements contain higher free CaO, 
the expansions are more irregular, as in 
some cases 0.4 per cent may introduce a 
distinct effect while in others 0.7 per 
cent or more makes little difference. An 
analysis of 66 cements in Lerch’s paper* 
(those with over 1.15 per cent MgO) 
shows 0.019 per cent expansion per 1 
per cent MgO content at 1 yr. and 0.024 
per cent at 2 yr. when corrected for 
constant expansion independent of MgO. 
Thirty-two of these cements with less 


TABLE I. 
Corrected Expansion pe 1 per cent 
Content, Eapensicn 
per cent 
to to 
1 yr. 5 yr. Syr.| tyr. S yr. | 5S yr. 
4.3... .| 0.025} 0.009] 0.034 0.0192 | 0.0069 | 0.0261 
0.064! 0.021 0.083) 0.0206 | 0.0068 | 0.0268 
0.091! 0.032} 0.122) 0.0189 | 0.0067 | 0.0255 
.| 0,127, 0.056) 0.183) 0.0180 | 0.0079 | 0.0260 
0.0192 | 0.0071 | 0.0261 
Fi corrected for constant expansion of 0.015 


cent, that is, independent of MgO content. Note colnilian 


in this amount decreases expansion per 1 per cent of MgO 
content as latter increases. 

Expansion per 1 per cent MgO content is measure of 
amount of MgO expanding in the ratio 1 to 1.3. The 
proportion of the MgO content expanding in this ratio is 
therefore: At 1 yr.—5.76 percent. At 5 yr.—7.87 per cent. 
From 1 to 5 yr.—2.13 per cent. 


than 1 per cent free CaO show 0.018 
per cent expansion at 1 yr., and 0.024 
per cent at 2 yr., while a new “‘laboratory 
cement group” shows 0.020 and 0.025 
per cent, respectively, figures closely cor- 
responding to those in the accompa- 
n¥ing Table I, when additional expan- 
sion due to free CaO is allowed for. 

In the new “laboratory cement group” 
free CaO was intentionally varied and in 
this series it can be shown that while 
there is a considerable difference in the 


4 William Lerch and W. C. Taylor, “Some Effects of 
Heat Treatment of Portland Comet Clinker, ” Paper No. 
33, Portland Cement Assn. Fellowship at the National 
Bureau of Standards, July, 1937. 
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expansion caused by any given free CaO 
content, there is distinct evidence that 
the expansions caused by the two com- 
pounds MgO and CaO are simply addi- 
tive; in fact the higher expansions per 
1 per cent free CaO occur in the cements 
with 1 to 1.6 per cent MgO and the lower 
in those with 4.8 to 5.3 per cent MgO. 
On the average the added expansion at 
1 yr. in water storage is from 0.07 to 
0.10 per cent per 1 per cent free CaO 
or about four times that caused by an 
equal amount of MgO. 

The accompanying Table I taken from 
a “laboratory cement group” gives the 
expansion that actually develops at 1 
yr., from 1 to 5 yr., and at 5 yr., and the 
expansion per 1 per cent of MgO content 
for the cements from 1.3 to 7.1 per cent 
MgO. The footnote shows the propor- 
tion of the MgO content expanding in 
the ratio 1 to 1.3. 

Table I shows that the expansion per 
1 per cent MgO is singularly uniform, 
that the proportion of MgO expanding in 
the ratio 1 to 1.3 up to 5 yr. is under 9 
per cent and that the expansion at 1 yr. 
is 73 per cent and that from 1 to 5 yr. 
27 per cent of that at 5 yr. This indi- 
cates a rapid reduction in the rate of 
expansion as the age increase which 
logically follows if the hydration takes 
place on the surface of the grain and is 
independent of the volume of the grain. 
To test this, finely crushed fused MgO 
was obtained from the Norton Co., 
was separated into groups of particle 
sizes by the Haultain Infrasizer, and the 
average particle size in each group as 
determined by the turbidimeter was as 
follows: 


Haultain 
Infrasizer...over 56to 40 to 28to 20to less than 
404 Wye Wye 104 
Turbidimeter.65y 44.54 314 22m 16.8 3.84 


One gram of each sample was placed 
in a weighed crucible, covered with 
water, and then placed in a desiccator 
from which the calcium chloride had been 
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(6) Air storage 8 yr. 


age (X 1200). 


Fic. 2.—Photomicrographs of Cement in Water and Air Stor 


(a) Fresh-water storage 7 yr. 
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removed. Samples were dried in the 
oven to constant weight. Increase in 
weight was taken at 5, 7, 10, and 14 days. 

The depth of hydration was from 0.32 
to 0.41 4 at 5 days and averaged 0.9 » 
in depth in 14 days, the figures for the 
various groups being as follows: 


Grain size... 654 444 3ip 17n 3.8 
hy- 
rated... 1.05¢ 0.95¢ 0.7m 1.25u 0.8 


Although the grains were irregular in 
form and varied 5000 to 1 in volume, 
it is evident that the depth was practi- 
cally constant and varied directly with 
the time. 


i 


TABLE Il. 
Hydra- ~ 
a. tion, 
Origi-| per cent 
Storage £ Re 
and Time eter, = 
2 > 4 £6 = 3S 
12.35) 6.25 | 10.0 | 1.88 | 38 | 76 19 
Water, 7)*| 9.55) 3.75 | 7.5 | 1.88 | 51 | 88 14 
yr. 8.85) 3.75 | 7.0 1.6 47 | 85 13 
5.75| 1.57 | 4.5 | 1.46) 65 | 91 11 
{| 13.2 | 8.6 | 11.5] 1.45 | 23 | 54] 35 
11.45) 6.5 9.3 | 1.40) 3 | 66 27 
Air, 8 yr. 10.4 | 7.7 9.1 | 0.72} 16 | 40 | 5O 
4.15) 2.2 3.4 | 0.60} 35 | 72 23 
3.7 | 1.8 3.0 | 0.60 | 40 | 78 20 


The cements from which the photographs shown in 
Fig. 2 were taken contained about 6.7 per cent MgO and 
probably an appreciable amount of free CaO with a cor- 
responding expansion up to 3 or 4 yr., considerably higher 
than in the ‘“‘Laboratory cement group.” 

* Same grains alternative determinations. 


This experiment determines the rate of 
hydration in water at normal tempera- 
ture. While this rate varies with the 
condition under which hydration takes 
place, photomicrographs of cement in 
water and air storage for 7 or 8 yr. also 
indicate that the hydration takes place 
at the surface. These photomicrographs 
are shown in the accompanying Fig. 2. 

The accompanying Table II, giving 
the results of measurements from Fig. 2, 
indicates that both in water and air 
storage the depth of hydration is greater 
in the larger grains than in the smaller. 
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This may be due to the increased volume 
hydrated in the larger grains per unit of 
depth hydrated, resulting in greater 
pressure on the surrounding material, 
thus increasing the rate of hydration, 
or to the greater expansion causing 
strains which permit a freer access of 
water vapor. This latter explanation is 
supported by the depth of hydration 
being roughly proportional to the square 
root of the diameter of the grain, the 
same function as was found to govern 
the relation between the size of the grain 
and the point at which fissuring occurred 
in the experiments on cements with 
additions of fused MgO.° 

The maximum variation in depth of 
hydration is, however, only 2.6 to 1 
with a variation in the volumes of 50 
to 1, so that a uniform depth of hydra- 
tion per unit of time is reasonably 
established. 

In the case of a sphere (in which the 
rate is lowest) of 10-u diameter and 
equivalent volume 1000 (or 10%) hy- 
drated 1y in depth, the unhydrated 
diameter is 8 u and the unhydrated vol- 
ume 512 (8). For various depths of 
hydration the relation is as follows: 


th of hydration, percentage of 


Unhydrated volume, percentage 


The calculations are exceedingly sim- 
ple, and by a slight modification the 
original diameter of a partially hydrated 
grain can be determined when the over- 
all hydrated diameter and the unhy- 
drated diameter are known. This 
method was used in Table II. The 
results lead, however, to one important 
conclusion. The expansion is propor- 
tional to the volume hydrated, so that 
it is evident that in the case of grains 
hydrated 40 to 50 per cent in diameter 


5 H. H. Vaughan, “Expansions in the Autoclave Caused 
by Magnesia,” Rock Products, April, 1940, Vol. 43, No. 4, 


BP. 48 to 50; “Autoclave Experiments,” Rock 
roducts, June, 1941, Vol. 44, No. 6, pp. 48 to 90. 
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such as the larger grains in water storage 
in Table II, 75 to 85 per cent of the total 
expansion has already taken place, and 
there is no possibility of any large 
amount of delayed expansion developing. 
That idea has arisen from the theory 
that 5 per cent MgO will ultimately 
cause 1.5 per cent expansion, ignoring 
the fact that only a small proportion 
of the MgO content actually causes 
expansion and that most of that has 
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by experiment to obtain a rough idea of 


the time in which different portions of ioe 
the MgO content hydrate and their 


relative proportions. 

The accompanying Fig. 3 shows the ~ 
actual expansion curve of the 7 per cent 
MgO cement in a “laboratory cement 


group” water storage and also the curves 
of the MgO expansion resulting from _ 


grains hydrating at ages of 3 months, 


1 yr. and 20 yr., respectively. Similar 


Ex ansion 0.263 
[88% MgO ot I 13 rotio 
_--7f Complete Hydration 20 yr. 
0.15 Expansion 0.155 % 
= 0.24 % MgO 
=0./2 % MgO 
2 3 4 5 6 7 
Time, yr. 
Fic. 3.—Expansion of Cements Stored in Water and Those Hydrated at Several Ages. perk a 


already taken place within the periods 


covered by existing tests. 

The large proportion of the expansion 
that occurs up to 1 yr. is only partly 
caused by the above reasons. The MgO 
grains vary considerably in size and 
consequently have different volumetric 
rates of hydration and their hydration 
is completed in different times. Their 
volumetric hydration curves are however 
similar in form and it is possible to 
analyze the expansion curves obtained 


curves have been worked out for the 1.3, 
3.1, and 4.8 per cent MgO contents, 


and while there isno claim that they are 


unique, they indicate reasonably clearly — 
what may be called the short and long 
term components causing the expansion. 


As might be expected from the method _ 


employed, these are reasonably con- 
sistent for the four cements, the final 
figure being about 0.33 per cent expan-— 
sion per 1 per cent MgO content corre- 
sponding to 11 per cent of the MgO 
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expanding in the ratio of 1 to 1.3 as 
compared with 8.7 per cent at 5 yr. 
For the 7 per cent MgO cement the final 
expansion is 0.263 per cent corresponding 
almost exactly with White’s 79 C at 
16 yr. 

Two important facts appear in this 
discussion—the uniformity of the expan- 
sion caused by the MgO, and the com- 
paratively small proportion causing 
expansion. Taken together their ex- 
planation is not obvious and to save time 


ae I will briefly outline my ideas on the 
Subject. 


The small amount of expansion 
might be explained either by voids in 
the cement or by the linear expansion 
of the MgO being less than the ratio 
1 to 1.3. The first would require that 
the voids be proportional to the MgO 
- content, which is highly improbable; 
the second that MgO grains should only 
expand 1 to 1.03 linearly. This would 
not only require the collapse of a crystal 
of Mg(OH). to 50 per cent of its normal 
- volume under a pressure which in a 5 
_ per cent MgO cement is about 4000 psi., 
but it is also contradicted by the micro- 
scopical evidence. 

One explanation appears promising 
based upon Lerch’s discovery of a certain 
amount of what he termed insolubles.® 
In so-called “rapid-cooled” and “plant- 
cooled” clinker, with from 1 to 5 per cent 
MgO, the MgO in these insolubles 
amounted to about 9 per cent of the 
MgO in the cement and was independent 
of the glass content. It was consid- 
erably greater in the ‘“slow-cooled” 
clinker, but this fact is only of academic 
interest, as while that method of cooling 
can be. carried on in a laboratory, it 
cannot occur in cement manufacture. 
It, however, indicates that MgO will 
crystallize out from the melt while the 
range of temperature at which that 

* William Lerch, “Approximate Glass Content of Com- 
mercial Portland Cement Clinker,’’ Journal of Research, 


Nat. Bureau Standards, Vol. 20, No. 1, January 1938, p. 77 
(RP 1060). 


Discussion ON VOLUME CHANGES OF PoRTLAND CEMENT Bars 


action may occur persists. _Photomicro- 
graphs of these crystals show that they 
correspond in size with those shown as 
partially hydrated in storage specimens, 
and the possibility that they account for 
the longer term expansions is quite 
reasonable. The MgO that is not taken 
into solution in the melt will have been 
heated to considerably over 1000 C. and 
converted to the dense-burned state and 
remain in that unchanged up to at least 
1650 C. Its crystals are exceedingly 
minute but apparently form aggrega- 
tions and hydrate more slowly than 
would be expected from their size. In 
water the hydrated grain would be 0.5 
per cent less in volume than the MgO 
and H;,O from which it is formed. 
If wetted and allowed to dry in air of 
25 to 30 per cent humidity, 90 per cent 
is hydrated in 5 days when absorbed 
water is still present. It is, however, 
probable that a proportion of the expan- 
sion in the first month or so is caused by 
MgO that has not entered the melt, 
as it is difficult to reconcile the various 
rates of hydration for hard-burned MgO 
alone, but the difference is not important 
and does not affect the general results. 
While the views set forth in this dis- 
cussion may not be accepted as entirely 
correct, they certainly explain to a con- 
siderable extent the behavior of those 
cements in this paper to which I have 
referred. The abnormal expansion that 
occurs when hard-burned MgO is added 
is due to the expansion caused by the 
addition being about ten times greater 
than that caused by the same amount 
derived from the mix and by the differ- 
ence in the size of the grains. If those 
in the addition at all resemble those in 
cement ground, their size distribution 
will vary considerably from those caus- 
ing expansion in normal cement. It 
should be noted that while a given vol- 
ume of 5-u grains will cause three time 
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. the expansion of the same volume of Research of Sao Paulo, Brazil, in the © 

y 20-4 grains when both are hydrated 2 introduction to his specifications for __ 


in depth, the increase in volume for one portland cement in June 1935: “In the ee 
20-4 grain is over twenty times that for case of MgO, we are increasing by 1 rae 
r each 5- grain and the tendency to fis- per cent the limit adopted by the Ameri- be" 
suring is correspondingly greater. These cans and others because the national 


z two facts explain the rapid expansion cement of older manufacture which — 
2 between 2 and 8 yr. in bar 85C while contained a percentage of magnesia 
d the residual expansion and that in the approximating this quantity has been g oh, 
d autoclave are caused by some of the employed for many years and yet no $s 
st larger but better protected grains still concrete case has been discovered to our _ 
y remaining only partially hydrated, as knowledge that would authorize us to © 
‘ might readily be the case if retained suspect its behavior in construction.” 
o even on a 325-mesh sieve. The cements he refers to were manu- 
* The amount of expansion ina normally factured from 1927 to 1933 and have, E — 
5 manufactured cement from a given MgO therefore, now been in service up to 15 ss a 
O content has been determined. Itismod- Recent examination has confirmed 
d. erate in amount and its effect is practi- to their 
of cally completed within the period cov- Me. H. (author's 
- ered by the existing tests such as those closure, by letter).—The careful studies of te < 
cement group” and Mr. Vaughan have added materially to 
our knowledge of the effect of magnesia 
$ regards behavior in service, I quote jn portland cement. I regret that I 
it a statement made by Dr. Ary Torres, cannot furnish more information from _ see 
Sd Director of the Institution of Technical our own tests in further discussion of Bones 
some of the points he raises. 
Nat. Bureau Standards (1918). Michigan, Ann Arbo , Mich. Raginesing, Univesity of Fee 
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AND MEASUREMENT OF PLASTICITY AND 
WORKABILITY OF MORTARS" 


S 

YNOPSIS 


The plasticity of mortars is measured on the basis of a stress-strain relation 
that previously had been formulated and applied to various dispersions. Two 
constants are determined, coefficient of plasticity, +, and yield value, fo, only 
the latter depending on the mixing water content. 

Plasticity is defined in terms of ease of deformation and interpreted as one 
of the factors of workability of which four are discussed. The other three 
factors are: tendency to rupture during plastic flow, tendency to suspension of 
plastic flow, and water retention. x is shown to determine plasticity, and to 
be a good measure of over-all workability. 

Water retention, as one of the factors of workability, was measured directly 
and with fp at 16.7 per cent mixing water as an index. It was found to be 
well correlated with x for a series of 1:3 mortars of portland cement with 
added mineral powders. Relative to these materials at the same plasticity, 

é the water retention of 1:3 mortars of several masonry cements and a slag 
€ement seemed to be low. 
Theoretical factors involved in plasticity and workability are discussed. 


a 


Previously the author interpreted 
plasticity on the basis of a simple 
stress-strain relationship, discussed the 
theory, and dealt with a variety of dis- 
persions of liquid and solid, such as clay 
and water, etc.* Although mortars were 
included as examples, in this paper they 
are considered more specifically and 
extensively. 


PLastic FLOw AND PLASTICITY 


Among physicists and metallurgists 
dealing with metals, plastic flow is 
defined as the irreversible deformation 
of a metal under stress. There is no 


_  Pabsebed by permission of the Director, Bureau of 
Department of the Interior. 

Ch Chemist, Bureau of Mines, U. S. Department 

of Interior, Eastern Experiment Station, College 


Md. 
aor. S. Roller, “‘Plastic Flow of Dispersions and a New 
Approach to the Study of Plasticity,” Journal of Physical 
Chemistry, Vol. 43, p. 457 (1939). 


reason why the same definition should 
not also apply to dispersions, such as 
mortars, clay pastes, lime putties, 
greases, etc., as under stress these also 
undergo a deformation that is irreversible 
and permanent. The author’s inter- 
pretation of plastic flow of dispersions 
is therefore based upon this property. 
It is judged to hold accurately, except 
for high-speed deformations, when vis- 
cous resistance and the time element 
have then to be taken into account. 

Because of the greater stability and 
more extended use of dispersions under 
compression, the stresses considered are 
compressive ones, and the deformations 
are given by the height of a cylindrical 
specimen, /, as a function of the pres- 
sure, p. 

The iin that was found to 
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. apply ‘to dispersions in general is as 
follows: 


where 
= the coefficient of renitence, 


po = the yield value, or pressure re- 
quired for incipient deformation, 
and 

ho = the initial height of the cylindrical 
specimen. 


Assuming that the volume of the 
specimen is constant under deformation, 
Eq. 1 is transformed to a more con- 
venient form as follows: 


__ 10g 


where a = the initial area of the 
specimen. 
The coefficient of plasticity, 7, is 


defined as the inverse of x, as follows: 


The coefficient of plasticity, unlike 
yield value, is independent of the pro- 
portion of mixing water. The property 
of plasticity is defined numerically by 
the value of 7, so that a dispersion with 
a higher value of x than another is the 
more plastic of the two, and vice versa. 

Concretely considered, x is a principal 
determinant of the mechanical ease of 
plastic deformation. Plasticity is there- 
fore genetically related to the same 
property, and a plastic dispersion is 
more easily deformed than one that is 
less plastic, and vice versa. 


WoRKABILITY OF MorTARS 


Workability is a more complex prop- 
srty than plasticity and, in general, 


consists of several factors. Although 
the following discussion is directed 
specifically to mortars, it is to be under- 
stood+that it applies substantially also 
to other disperse systems. 

As the name implies, workability 
refers to the manner in which a mortar 
behaves, or “works,” in practice. A 
prime factor of workability is plasticity, 
or, specifically, the pressure or work 
necessary to spread a mortar toa given 
thickness. 

We shall now prove that 7 is the 
principal determinant of the plasticity 
factor for mortars (and other materials 
for which 7 is sufficiently small), and 
that po may be neglected in this respect. 
The pressure or work of deformation i is 


Fic. 1.—Stages in the Plastic Flow of a Mortar 
Which May or May Not Be Attainable. 


a function of both 1/m and po, but the 
dependence on 1/7 is exponential and 
on po algebraic, so that for w appre- 
ciably less than 1, it is the major vari- 
able. In addition to po being the minor 
variable, its range of variation is more- 
over highly limited. This is readily 
understood when one considers the 
correlate of fo, namely, the content of 
mixing water. The latter may be in- 
creased, and » accordingly decreased, 
only to a narrow degree because of the 
limited water-carrying capacity of a 
mortar and because excess water is in 
general undesirable. Therefore, po as 
both a minor and a limited variable is 
inconsequential as far as ease of deforma- 
tion goes, and x when appreciably less 
than 1 is a proper and sufficient measure 
of the plasticity factor of workability. 

A second factor of workability is the 
continuity of the deformation. After 
some extent of plastic flow, many mor- 
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tars will rupture and break down rapidly 
into a narrow, hard cake. A required 
deformation may then be rapidly passed 
through without ever being attained. 
To illustrate the point, in Fig. 1 is 
represented a mass of mortar of height 
ho, which it is desired to spread out to 
height ha. However, as pressure is 
applied to the mortar, it ruptures at 
some thickness greater than h, and 
breaks down rapidly to a smaller thick- 
ness hy. Therefore this mortar is poorly 
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Fic. 2.—The Nonattainment of a Given 
Thickness During Plastic Flow Because of 
Rupture of the Mortar. 


workable from the standpoint of at- 
taining the desired spread hz. 

The point is brought out more defi- 
nitely in Fig. 2, which is a representation 
of the graphic result obtained in the 
present method. For mortar I, rup- 
ture occurs at h,,so that the specimen 
suddenly decreases in height from 4, to 
hy, and it is impossible to realize interme- 
diate height /, as a stable configuration. 
On the other hand, for mortar II the de- 
formation is contiriuous, and h, is readily 
attained by application to the specimen 
of steady pressure. 

A third factor involved in workability 
is the ‘‘hardening” of a mortar whereby 
plastic flow is suspended despite in- 
crease of pressure. Referring again to 
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Fig. 1, starting with the mortar of 
height Ao, an increase of pressure causes 
it to spread out to a thickness, hg, at 
which point suspension of flow occurs, 
so that the mortar seems to harden, 
and by virtually no increase in pressure 
can it be brought to a desired smaller 
thickness 

Suspension of plastic flow is a common 
property of dispersions, and as regards 
mortars, is ordinarily due not to a pre- 
mature setting of the cement but to the 


of Specimen 


Height 


Pressure 


Fic. 3.—The Nonattainment of a Given 
Thickness During Plastic Flow Because of 
Suspension of Flow of the Mortar. 


development (as in general) of a close- 
packed structure of the particles. 

To illustrate the case more concretely, 
referring to Fig. 3, suspension of flow 
occurs for mortar III at height An, 
but for mortar IV the deformation by 
contrast continues beyond h, as the 
pressure increases, so that thickness 
hy, smaller than h., can be realized for 
this mortar, though not for mortar III. 

A pseudosuspension of flow is that 
incidental to rupture, as shown for 
mortar Lin Fig. 2. In this instance, the 


cake to which the mortar collapses 
after rupture is virtually maintained 
against increase in pressure, so that for 
all practical purposes the mortar has 
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_ suffered a suspension of flow that pre- 


vents attainment of the smaller thick- 
ness f,. Mortar II, on the other hand, 
can be deformed regularly to he. 

A fourth factor of workability con- 
cerns the ability of a mortar to retain 
its mixing water under the suction of a 
brick. A mortar may be spread readily 
on a glass surface; but in contact with a 
brick, if its water retention is low, it 
may lose its mixing water too rapidly 
and will then be difficult to spread 
efficiently. 

Of the four factors of workability, 
probably only a particular one of these 
will in any given instance be salient in 
determining the workability. One will 
say that the mortar is hard to spread, or 
that it is difficult to place due to break- 
ing, or to a suspension of flow, or that 
it dries too rapidly on a brick. One may 
alter conditions so as to overcome one 
of these drawbacks, only to find perhaps 
that another appears. For example, 
one may find that, by adding more 
mixing water, the pressure required for 
spreading the mortar may be sufficiently 
reduced but that the mortar breaks in 
the range of thickness desired, or that 
it suspends before a required thickness is 
reached, or that on a porous brick it 
“sets up” too soon. 

Now it is a significant fact that not 
only does w determine the work or 
pressure of spreading, but it also de- 
scribes more or less the other three 
factors of workability. The theoretical 
reason for this is that all four factors 
are some function of the same physical 
variable, namely, the force of attraction 
between the grains of the mix,* and 
therefore all tend to vary in the same 
way. In other words, a mortar of low 
coefficient of plasticity will be hard to 
spread, it will rupture during plastic 
flow or will suspend its flow prematurely, 
and it will lose its mixing water readily. 
From this standpoint, the value of x for 
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a mortar is not only a specific measure 
of its plasticity or the pressure factor 
of workability, but is, furthermore, a 
measure of its workability considered 
over all. 

It will be understood, however, in 
view of the complex character of work- 
ability, that + can be only an approxi- 
mate measure of this property, and that 
detailed consideration of workability 
will require a separate examination of 
each of the factors other than ease of 
spreading. Thus, when two mortars 
have the same value of 2, they may still 
differ as to the tendency to rupture, or 
to suspend flow, or to retain water. 
Their workability differs, then, in a 
certain degree, which cannot be dis- 
criminated by 

There is some question, however, 
whether such fine discrimination of 
workability, as enters when z is about 
equal for different mortars, is necessary 
in practice. When, however, the values 
of x for two mortars differ appreciably, 
then not only do the mortars differ as 
to ease of spreading, but they differ also 
in the same sense as far as the other 
factors go, and therefore in their over- 
all workability. | 

When z is greater than about unity, 
the correlation of the various factors of 
workability then appears to be relatively 
poor, so that, for example, two materials 
that have the same value of + may 
differ very appreciably in their suscepti- 
bility to suspension of flow. Moreover, 
even the work or pressure of spreading 
requires for its consideration not only 
m, but also fo, for example, in the simplest 
case, their ratio +/po. However, these 
considerations apply rather to materials 
like limes or plasters, and not to mortars, 
since for the latter w is invariably less 
than unity. 

x and po are obtained from a plot of 
log h against log g. Both breaking and 
suspension of flow are ascertainable 
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from this plot, and also, especially the 
former, from the original experimental 
graph of / against g. Water retention 
is measured separately but apparently 
is satisfactorily indicated also as a 


function of po. 
EXPERIMENTAL PROCEDURE > 

As the details of the apparatus‘ and 
method have been explained elsewhere,* 
only a general description will be given 
here, except for the special application 
to mortars. A cylindrical specimen of 
mortar is placed between two plates and 
subjected to a continuously increasing 
load, g. As the specimen is compressed, 
a record of its height, 4, is obtained as 
ordinate on a sheet of coordinate paper 
fastened to a rotating drum. The 
abscissa of the paper is the load, g, 
which is calculable from the known 
rate of addition of lead shot and the 
known rate of rotation of the drum. 
The result of the experiment then con- 
sists in obtaining an A-g curve for the 
specimen under test. 

In the present experiments, 28.3 g. 
of cement were incorporated with 9 1.7 g. 
of graded Ottawa sand, corresponding 
to a volume ratio of -1:3; water was 
added from a pipette, admixed with a 
spatula for about 1} min., and the mass 
molded in a brass mold 34 mm. high 
(which represents the initial height of 
specimen fo), 35 mm. wide at one end, 
and 37 mm. wide at the other. Proba- 
bly a wider mold having a ratio of 
width to height of about 1.2:1 would 
have been more satisfactory. Depend- 
ing on the uniformity of the specimen and 
of operating conditions, fairly large differ- 
ences in the size and relative dimensions 


4 A second model of the oo used in many of the 
esent experiments differed from .the original chiefly in 

| at a counter balance for the load transmitter, to the 
latter being also attached the upper thin plate. The 
counterbalance oy the precision if the load trans- 
mitter is heavier an the load at the end of the “‘initial 
However, as regards the case of mortars, 
tter was sufficiently light. 


deviation.’ 
the original load tr 


ROLLER ON PLASTICITY AND WorKaBILiTy oF Mortars 


of the specimen resulted previously* 
in only slight or moderate changes in 
the value of + and fo. The rate of 
addition of lead shot was 900 g. per 
min. Moderate changes in rate of 
loading were previously* found to 
affect + and fo to a small extent. 


TYPES OF CURVE, AND DETERMINATION 
OF © AND po 


Different types of mortars, and also 
different masonry mortars, yield char- 
acteristic A-g graphs. Change in the 


nO BSD BO BRO 


Height of Specimen 


Load,g 


Fic. 4.—Types of Experimental h-g Curves for 
Mortars. 


water content usually does not alter 
the characteristic shape of the curve. 

The more common forms of h-g 
curves for mortars are shown in Fig. 
4. Curve 1 is typical of a 1:3 normal 
portland-cement mortar. Distance O-A 
represents the initial slump of the speci- 
men due to its own superincumbent 
weight and to unavoidable squeezing 
during removal of the specimen from the 
mold. Section A-B is affected by these 
and other adventitious conditions and 
is unavailable for determining + and 
po; it is designated the “‘initial devia- 
tion,” and usually extends to a pressure 
of about 10 g.persq.cm. Section B-C, 
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3 which is always concave and of varying characteristic straight line whose slope a 
n length depending on conditions, repre- equals — (x + 1) and whose inter- 
of sents plastic flow proper and is used to section with the horizontal, log 4 = 
or determine the magnitude of w and po. log ho, is log go. Having found «x and 
of Section C-D represents a phase of pre- go, w and po are obtained by Eqs. 4 

10 rupture; D-E represents actual rupture and 3. 

of the specimen and is called the “‘break.”’ Because of some confusion caused by 
Section E-F comprises a range of pseudo- __ presence of an initial deviation and of a 
)N suspended flow. break or suspension of flow, the establish- 
Curve 2 is characteristic of a 1:3 ment of line B-C in Fig. 5 must be made 
= high-early-strength portland cement with caution so as not to include foreign 
re mortar and differs from curve 1 in that end points located before B proper and 
he the curvature of section B-C is greater. beyond C proper, It is practically 


Curves 3 to 6 are characteristic of 


always necessary to have a series of 


1:3 masonry-cement mortars, 1:2 port- curves for different water contents and 
land-cement mortars, and 1:3 portland- 

cement mortars with mineral-powder Jo J 
F additions. Each of these types of 1:3 log h=Log hg 

mortars may, however, exhibit a curve . 

like that of curve 2, particularly when A 
X 100 is less than about 10. Curve 3 Slope+-(K+I) 

is similar to curve 2, except that the ee 

break is more gradual. It has been 

found to pass completely over to curve 

2 when the water content is decreased, 

same. In curve 4, section B-C is 
highly concave and usually relatively 

short. Curve 5 is similar to 4 except log g 
for that there is no apparent break, but Fic. 5.—Log h- Log g Plot for Determining x 

suspension of flow may be present as and p. 

indicated by section C-F. In curve 6, ; 
Iter section B-C has less curvature than for to determine the respective B-C lines 
rve. either curve 4 or curve 5 and is longer, 0©n the established principle that they 
h-g terminating either in a short break or re all parallel to one another and to 
Fig. in suspension of flow. some master line that represents the 
mal Curves 3 to 6, instead of being smooth, best average for all. With this pre- 
O-A often are irregular or jerky, in which caution, an accuracy can be obtained 
yeci- case the readings of h and g are not that reflects the precision of. operation 
bent made at any arbitrary point but only and measurement. The error thus en- 
zing just after an irregularity.’ tailed in x and po, of the order of several 
| the A plot of log h against log g for de- per cent,* is quite small compared to 
hese termining and fp is shown in Fig. 5. the range in values for mortars. 
and A-B corresponds to the initial deviation ‘ 
and and D-E to the break; for a curve that COMPARISON OF ELAStMESE sup Waren 
evia- shows no break, D-F, corresponding to RETENTION 
ssure suspension of flow, is obtained instead It was desired to see how closely cor- 
B-C, of D-E. Section B-C determines a_ related are the plasticity and the water 
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retention of mortars. The first problem 
was to measure the water retention. 
This was done by subjecting the mortar 
to suction, thereby simulating the action 
of a brick, and determining the loss of 
water from the mix. The specimen of 
mortar was placed in an 11 G 2 Jena 
glass filter and a suction of 2 in. mercury 
applied for 10 min., by which time the 
effect of further suction was relatively 
small. The filtrate was caught in a 
10-ml. graduate placed in the suction 
flask and the volume noted. Water 
retention was defined as the milliliters 
of mixing water for which a filtrate of 
5.4 ml. was obtained. 

A series of mortars was made up in 


which part of the portland cement in 
TABLE I.—PLASTICITY AND WATER RETENTION 
OF DIFFERENT MORTARS. 

Mortar \* 100 (16.7%) 

1:3 normal portland cement. . 2.6 0.9 | 21.0 
lime 6.7 16? 24.0 

kaolin:3 8.3 20° 24.5 
74 dered diatomite: 3.. 19 98° 27.0 
bentonite: 3 380° 27.0 
1:2 normal portland cement... 16 12 Pe 
1: : masonry cement........... 21 24 24.5 
1:3 slag cement.............-:- 21 13 24.5 


By extrapolation. 
Determinations by J. D. Neuss. 


a 1:3 mortar was replaced by an equal 
volume of powdered mineral; included 
in the series were a 1:2 portland cement 
mortar, a 1:3 masonry cement, and a 
1:3 slag cement mortar. For the 1:2 
mortar water retention could not be 
determined by the described method, 
owing to an anomalously small increase 
in filtrate with increase in mixing water. 

Results for t X 100, po at 16.7 per 
cent mixing water, and water retention 
are given in Table I. In Fig. 6 water 


retention is plotted against  X 100. 
A fairly smooth curve can be drawn 
through the points for the various mor- 
tars with different mineral powder addi- 
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tions, indicating good correlation 
between plasticity and water retention 
for this group of materials. 

The points for the masonry and slag 
cements fall definitely below the curve. 
This signifies that the water retention 
of these mortars is low relative to that 
of the mineral-powder mortars having 
the same plasticity. 

Yield value of a mortar is a measure 
of the strength of the initial structure 
at the given water content. It is 
reasonable to suppose that the higher 
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Fic. 6.—Relation of Water Retention to Coefii- 
cient of Plasticity. 


the water content at equal structural 
strength, the greater is the water reten- 
tion, so that the content of mixing water 
at a given yield value may be taken as 
an index of the water retention. In 
practice, it is more convenient to employ 
instead of this the inverse quantity, 
yield value at a given water content. 
We have found that the reference water 
content is conveniently taken at 16.7 
per cent of the dry weight of mortar; 
and the corresponding yield value, 
serving as an index of water retention, 
may then be written as fp» (16.7 per cent). 

By the definition of yield value, the 
deduction as to its relation to water 
retention applies strictly only at zero 
disturbance of the mortar. Because 
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under conditions the disturb-— 
ance is finite, r must be considered, and ~ 
po (16.7 per cent) as an index of water 
retention is subject to its magnitude. 
In other words, po (16.7 per cent) may 
be compared for two mortars only when 
7 is about the same for both. The 
greater po (16.7 per cent) at equal z, 
the greater the water retention; if both 
po (16.7 per cent) and = are greater, the 
indication is heightened, but if one is 


ts CoMPARATIVE RESULTS FOR 
WoRKABILITY 


Ithough, owing to the complex char- _ 
acter of workability, there can never be 
any single test that will perfectly char- 
acterize it, nevertheless, as was previ- 
ously explained, coefficient of plasticity 
m may be viewed as a good approxima- 
tion. 


TABLE Il—COMPARISON OF MEASURES OF 
WORKABILITY, INCLUDING ALSO RESULTS 
FOR YIELD VALUE. 


400 T T T / 
/:3 Portland with 
e ag Cemen © 
& 1:3 masonry Rides 42 2.3 | 18.9 | 102 
60 1:3 high - early - strength 
o 5.5 1.2 8.1 122 
40 1:3 normal portland 
1.9 0.1 6.1 135 
20 * Reported by L. A. Wagner. 
TABLE III.—COMPARISON OF MEASURES OF 
WORKABILITY OF DIFFERENT MASONRY CE- 
0 10 20 30 40 MENTS, INCLUDING ALSO RESULTS FOR YIELD 
‘TT x 100 

Fic. 7.—Relation of Yield Value at 16.7 per 
cent Mixing Water (as a Measure of Water Re- . & |% 
tention) to Coefficient of Plasticity. 2 

ting* g BS = 

greater and the other less it is 
indeterminate. 

From the data of Table I, po (16.7 masonry cement A.../ Very good || | 108 
per cent) has been plotted in Fig. 7 
against  X 100. A smooth curve is E...| Fair 4.1 2.2) 52 | 107 
obtained for the mortars with mineral- @ Reported by C. M. Butler 

© Reported by L. A. Wagner 


powder additions similar to that in Fig. 
6 for water retention against r X 100. 

Included in Fig. 7 are points for the 
masonry cement mortars of Tables II 
and III, as well as for the masonry 
and slag cement mortars of Table I. 
The points for these fall below the curve 
for the mortars with mineral-powder 
additions, indicating again that their 
water retention is relatively low. A 
relatively low water retention seems to 
hold also for the 1:2 portland cement 


mortar (Fig. 7). ember 


Measurements of w and fo were made 
on a group of masonry and portland 
cements. For purpose of comparison, 
results are included that were obtained 
by other tests of workability. In the 
Rogers flow-after-suction test,’ the flow 
of a mortar is determined on the flow 
table, suction is applied to the mortar, 
its subsequent flow measured, and ex- 
pressed as a percentage of the original. 


5 Tentative Specifications for Masonry Cement (C 91 - 
38 T), 1939 Book of A.S.T.M. Standards, Part II, p. 882. 
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In the Wagner bowl method,® water is 
added to the mortar in a bowl until a 
certain stirring resistance is attained, 
when the flow is measured on the flow 
table. In the Reed-Lewis penetration 
test,’ the amount of water is measured 
at which a rod penetrates 50 mm. into 
the mortar. 

Considering first a normal, high-early- 
strength, and masonry cement mortar, 
it is observed in Table II that 7 in- 
creases in the order named, indicating 
an increasing workability in this order, 
as expected. fo (16.7 per cent) also 
increases in the same order, indicating 
thereby, a fortiori in view of the con- 
comitant increase in 7m, the expected 
order of increasing water retention. 

The values obtained in the penetra- 
tion and bowl tests also indicate that the 
workability increases in the sequence: 
normal, high-early-strength, and ma- 
sonry cement mortar. The ratio of 
values for the extreme members is about 
3 in the penetration test and only about 
1.3 in the bowl test, whereas in the 
instance of z it is about 20, and therefore 
considerably greater. We believe that 
a very high ratio of values is consonant 
with the very marked difference in 
workability of these mortars. The main 
point is, however, that the higher the 
ratio the more sensitive is the test, and 
approximately in proportion to the 
ratio, assuming the precision of measure- 
ment to be about equal, as is reasonable 
in this case. 

The workability of five different 
masonry mortars is compared in Table 
III. Included in the table are the 
ratings of an experienced mason. The 
mason’s tests were made to obtain a 
reliable estimate of the relative behavior 


*R t of Committee C-12—Preliminary Considera- 
tion of e Proposed Methods of Sampling and Testing 
Mortar for Unit mry, ASTM Buttetin, No. 94, 
October, 1938, p. 40. 

7 E. W. Reed-Lewis, “Tentative Procedure for Deter- 

uarry, VOl. 35, NO. 41, D. 
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of these materials in practice and ap- 
parently were carried out with con- 
siderable care under comparable condi- 
tions. It is observed that three of the 
mortars for which r ranged between 30 
and 38 were rated very good or excellent 
by the mason; on the other hand, two 
of the mortars for which was only 
5.9 and 4.1 were rated poor or fair. 
The values of mw divide themselves 
virtually into two groups, and the 
mason’s ratings seem likewise to divide 
themselves in the same way. The 
agreement of the mason’s ratings and 
m is imperfect in detail but about as 
good as could properly be expected. 

The results of flow-after-suction dis- 
pose the mortars in about the same order 
of workability as x, except outstandingly 
for masonry cement A, which by its 
unexplained low value of 65 is placed 
discordantly in the class of poor to fair 
instead of very good. Also the value of 
70 for masonry cement D seems too 
high, considering its relatively poor 
workability. 

The values obtained with the bowl 
plasticimeter do not appear to show any 
definite trend for these cements. 

The values of flow-after-suction ex- 
tend over about a twofold range, whereas 
those for x extend over about a nine-fold 
range. In view of the spread in mason’s 
ratings from poor to excellent, the larger 
variation for * appears to be desirable 
and at any rate signifies a greater sensi- 
tivity of measurement. 

No attempt is made to interpret the 
values of po (16.7 per cerit) in Table III 
because of the lack of a basis of com- 
parison arising from the differences in 
the values of 7, except to note that when 
po (16.7 per cent) and are both higher, 
the water retention may definitely be 
considered as higher. 

The simple measure of workability 
furnished by + may be supplemented by 
further direct observations as to the 


an 
ticit 
We 
tor | 
with 
shov 
flow 
resel 
wha’ 
susp 
curv 
shov 
whic 
curv 
exce 
ther 
an 
| curv 
smo 
Al 
a bre 
ceme 
diffe 
port 
brea 
: cm., 
of it 
cent 
hanc 
norn 
the 
abot 
ness 
wd of it: 
after 
stan 
the 
| stea 
| 90 | 
it c 
valu 


factors of workability other than plas- 


ticity, employing the /-g curve, or a plot 
of log h versus log g, for this purpose. 
We shall here merely note the results 
for the masonry cements of Table III 
without further comment. Cement A 
showed a slight break or suspension of 
flow at the very end; the curve, which 
resembled curve 6 in Fig. 4, was some- 
what irregular. Cement B exhibited 
suspension of flow and gave a smooth 
curve like that of curve 5. Cement C 
showed a decided break, and the curve, 
which was somewhat irregular, was like 
curve 4. Cements D and E both ex- 
hibited a sluggish break, as for curve 3, 
except that in the instance of cement E, 
there was at the lower water contents 
an abrupt break as for curve 2; the 
curves for cements D and E were both 
smooth. 

Although masonry cement C exhibited 
a break as in general for normal portland 
cement, the circumstances of the break 
differed characteristically from that for 
portland cement. In the instance of 
masonry cement C, the pressure at the 
break averaged about 700 g. per sq. 
cm., and the thickness was 55 per cent 
of its original value, falling to 35 per 
cent after the break. On the other 
hand, in the instance of the typical 
normal portland cement of Table II, 
the pressure averaged much higher at 
about 1800 g. per sq. cm., and the thick- 
ness at the break was only 90 per cent 
of its original value, falling to 60 per cent 
after the break. Therefore in the in- 
stance of the portland-cement mortar, 
the thickness cannot be reduced by 
steady pressure to any value between 
90 per cent and 60 per cent of the 
original thickness, whereas in the in- 
stance of the masonry cement mortar 
t can be reduced uniformly to any 
value down to 55 per cent. me 


DISCUSSION 


The reason for the apparent greater 
water retention, at the same plasticity, 
of the mortars with mineral powders 
as against the masonry mortars is to be 
connected with the inherent difference 
in constitution of the two systems. 
In the former, the plasticity is developed 
by the high surface area of the mineral 
powder, and in the latter, by the surface 
action of small amounts of organic 
admixtures. Each means is effective 
in promoting both plasticity and water 
retention. But the increase in water 
retention is relatively greater for the 
mineral powders, for the reason that the 
pore size is decreased by the increase in 
fineness, whereas no such effect is ob- 
tained with the organic admixture. 

We may also view the question from 
the standpoint of the theory previously 
proposed of plastic flow of dispersions.’ 
Both organic admixtures and finely 
divided solids increase the plasticity by 
virtue of the increase that they develop 
in the attraction between the dispersed 
particles in unit volume per unit distance 
of separation of the particles,—the 
organic admixtures by increasing the 
interfacial tension, and the powders by 
increasing the surface area. But, in 
the instance of the powders, not only 
is the attraction increased as a result 
of increase in surface area, but, in addi- 
tion, the separation of the particles is 
decreased. A particular attraction is 
introduced thereby, which is uniquely 
effective in promoting yield value, or 
structural strength of the suspension, 
and accordingly water retention. 

It is often considered that the action 
of organic admixtures in developing 
plasticity consists in their causing air 
to be whipped into the mortar during 
mixing. To test this point, measure- 
ments were made on a 1:3 mortar of 
slag cement, which in one instance was 
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free of organic material and in the 
second instance was treated with an 
organic admixture. For the untreated 
cement,  X 100 was determined to be 
5.3, po (16.7 per cent) to be 2.2, and the 
water retention to be 22.5 ml. For the 
treated cement, the respective figures 
were 21, 13, and 24.5. The organic 
admixture therefore markedly increased 
the plasticity. If the effect were one 
of causing air to be whipped into the 
mortar, one would reasonably expect 
the structural strength of the suspension 
to be less and therefore the yield value 
to be less. But actually po (16.7 per 
cent) is much greater, which supports 
the explanation that the action of the 


vd 
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organic admixture consists in causing 
an increase in attraction between the 
dispersed particles. For the same rea- 
ton, the directly measured water reten- 
sion likewise is increased. 


The author is indebted to J. W. 
McBurney, National Bureau of Stand- 
ards, for valuable discussions; to L. A. 
Wagner, Missouri Portland Cement Co., 
and C. M. Butler, Marquette Cement 
Manufacturing Co., for supplying data 
for comparison, and to J. D. Neuss, 
formerly of this station, for the de- 
terminations of water retention. 
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DISCUSSION 


Mr. F. O. ANDEREGG.'—The definition 
of plasticity given in Mr. Roller’s paper 
should be amended to include provision 
that the given shape shall be maintained 
after the deformation is completed. 

The method described lacks the funda- 
mental condition of constant stress appli- 
cation. With deformation occurring 
under varying stress, it is very difficult, 
if not impossible, to separate that effect 
from the effect of the time element. 

Roller’s yield point depends upon the 
conditions of the experiment. It will 
usually vary with the rate of stress appli- 
cation. For instance, a certain resin has 
a recovery of about 90 per cent when 
thrown on a solid floor, but can easily be 
deformed between the fingers by a slowly 
applied pressure. It is not a yield point 
but a yield front and the sooner this fact 
is realized the sooner can we begin to 
think straight. 

It is respectfully suggested that the 
subject of the effect of organic admix- 
tures on mortars is complicated by so 
many factors that conclusions should be 
drawn only with the greatest caution. 

An important fundamental contribu- 
tion to the subject of plasticity was pre- 
sented to this Society twenty-one years 
ago, by Nutting.? It failed to receive 
any honor or recognition in his own 
country, but attention has been called to 
it recently in England,* where studies 


“i Consulting Specialist on Building Materials, Newark, 


io. 
2P. G. Nutting, “A Study of Elastic and Plastic De- 
formation,” Proceedings, Am. Soc. Testing Mats., Vol. 21, 
p. 1162 (1921). Also “New Law of Deformation,” 
nal, Pt ae Inst., Vol. 191, p. 629 (1921). 

W. Scott-Blair and F. M. V. Coppen, “‘The 
seniehned of the Firmness of Soft Materials,” Jour- 
nal, Soc. Chemical Industry, Vol. 60, p. 190 (1941); 
Nature, Vol. 149, p. 22 (1942). 


J our- 


have been made on a variety of plastic 
substances. With the applied stress 
maintained constant, and with temper- 
ature under control, a systematic corre- 
lation has been obtained between the 
operator’s psychological ‘‘feel’’ and the 
physical constants determined quanti- 
tatively in the laboratory. The concept 
of the ‘‘firmness” of the material, based 
on the Nutting equation permits an im- 
portant tie-in between the human ele- 
ment or subjective and the physical 
objective. Anyone interested in the 
subject of plastics should study these 
contributions very carefully. 

Mr. Paut S. (author’s clos- 
ure)—The “fundamental condition” 
postulated by Mr. Anderegg is applicable 
to materials that have a long time of 
relaxation. However, mortars deform 
like plastic solids having a very short 
relaxation time. Therefore their plastic 
behavior is properly described by a 
stress-strain relation, as in measurement 
of elasticity. 

The resin cited as an example by Mr. 
Anderegg is a quite different material 
from a mortar, and deduction as to the 
latter may not be drawn from the be- 
havior of the resin. When subjected to 
a small stress, at least in compression, a 
mortar will exhibit a definite strain 
whereas the resin apparently acts differ- 
ently, like a supercooled liquid, and 
exhibits a continuously increasing strain. 
The yield value for a mortar does depend 
upon the rate of stress, but in a relatively 
small degree. 

‘ Physical Chemist, Bureau of Mines, U.S. Department 
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variation in curing conditions. 


24 hr. and 48 hr. 


of the other storages used. 


to the laboratory air. 
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CURING OF MASONRY MORTARS 
By Howarp R. STALEY 


SYNOPSIS 


This paper reports the effect on strength of 2-in. mortar cubes caused by 
Fourteen variations in curing methods were 
used for lime-cement mortars and four were used for straight lime mortars. 
These variations in treatments include the effect of removal from the molds at 


A simple, economical storage has been devised using a converted ice refrig- 
erator which yields results that are as consistent as obtained by using any 
of the other commonly used types of storage. 
by using the converted ice refrigerator seem to be more suitable for all of the 
proportions of lime-cement mortars investigated than those obtained by any 


The curing conditions obtained 


The storage most suitable for lime mortar specimens appears to be exposure 


Since the lime-cement mortar proportions investigated are considered to 
represent the full range of characteristics that would be obtained in masonry 


mortars, there appears to be no need for water storage of masonry mortars 


Ret at any time during the curing period. 


io 


Published data are rather meager 
regarding the effect on strength of 
masonry mortars produced by variations 
in curing conditions. The extreme 
range of values for strength reported by 
independent investigators, supposedly 
working with the same materials and 
proportions and subjecting the speci- 
mens to the same curing conditions, led 
the author to believe that variation in 
curing conditions was a contributing 
factor to the wide range of values. . It 
has been the experience of the author 
that although a storage room may be 
strictly defined in a specification, prac- 
tically any kind of room which is used 

1 Assistant Professor of Building Construction, In 


Charge of Building Materials Research Laboratory, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 


for storage purposes may be considered 
to fulfill the requirements in some in- 
stances. It was the above factors, plus 
the attempt to find an economical and 
easily regulated storage that could be 
adopted by even the most poorly 
equipped laboratory, that prompted 
making the tests reported here. 


Materials: 


Three limes were used as follows: 

No. 1—High-calcium hydrate. 

No. 2—Autoclaved dolomitic hydrate. 

No. 3—Regular dolomitic hydrate. 

One brand of portland cement was 
used for all tests. Both the lime-hy- 
drates and the portland cement were 
stored in airtight metal containers. 
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Lime was considered to weight 45 lb. 
per cu. ft. and cement 94 lb. per cu. ft. 

The sand was sieved to six sizes and 
recombined to an arbitrary gradation 
which follows closely the natural sands 
used for mortars in this area. The 
dry-and-loose weight of the sand was 
95 lb. per cu. ft. The gradation used 
was as follows: 


Retained on Sieve, 


Sieve per cent 


Proportioning and Mixing: 


Mortars were mixed in the arbitrary 
proportions given in Tables IV and V. 
Proportions were selected to represent 
the full range commonly used for 
masonry mortars. For purposes of pro- 
portioning, the volumetric relations were 
transferred to weight relations, based 
on the weights given above. 

The mortars were mixed by hand in a 
nonabsorbent bowl, the hands being 
covered with rubber gloves during mix- 
ing. Batch sizes varied from one using 
1500 g. of sand to one using 4500 g. of 
sand. The following procedure was 
used in mixing: 

1. Add water to the bowl. 

2. Add the dry cementitious material 
to the water and mix with the fingers 
until thoroughly wetted. 

3. Add sand to the wet slurry. 

4. (a) 1500-g. batch; mix vigorously 
for 3 min. 

(b) 3000-g. batch; mix vigorously for 
4 min. 

(c) 4500-g. batch; mix vigorously for 
5 min. 

5. Measure the flow. If the flow 
was not correct the batch was discarded 
and a new batch made. 

6. Mold 


Molding: 


In molding the specimens, the pro- 
cedure given in A.S.T.M. Tentative 
Method of Test for Compressive 
Strength of Portland-Cement Mortars 
(C 109 — 37 T)? was followed. It should 
be noted here that any commonly used 


TABLE I.—PROCEDURE FOR CURING OF 2-IN. 
MORTAR CUBES.* 


| 
25 
| After 
r Moldin | oe | rom 
Molds | 7 Days 
i=¢ 
& | ge | 
> = | 
1.....| Left in laboratory | 24 To M. In M.R. 
air 
= = in laboratory | 24 To water | In water 
air 
3....| Leftin laboratory, 24 ToM.R. | In M.R. 
wet burlap | 
cover 
4...) Left in laboratory, 24 | To water In water 
wet burlap 
cover 
5 To M.R 24 | ToM.R. In M.R. 
6...| To M.R. 24 | To water In water 
7......| To MLR. 48 | To M.R. In M.R. 
s To D.R 48 | To MLR. To D.R. 
9 To M.R 48 | To water In water 
10 To D.R 48 | ToD.R. In D.R. 
11 To D.R 48 | ToD.R. | To water 
12....| To D.C 48 | To D.C. In D.C. 
13...| To D.C. 48 | ToD.C. | To water 
14...| To D.R. 48 | To D.R. To D.C. 
15 in laboratory | 48 | In labora- | In labora- 
tory air tory air 
16..... Left i in laboratory | 48 | In labora- To D.R. 
| air tory air 
17......| Left in laboratory | 48 | In la To D.C. 
| air tory air 
18......| Left in laboratory | 48 | To D.R. In D.R. 
air 
| 


*M.R. = Moist room; 70F., 95 per cent relative 

humidity (fog room). 

D.R. = Damp room; 80 
humidity. 

D.C. = Damp closet; 70 F., 90 per cent relative 
humidity. 

Water = In (in soapstone tank). 

Laboratory air = — and humidity vari- 


F., 80 per cent relative 


method for filling molds results in a 
higher degree of packing of the high- 
cement mortars. It is impossible to 
obtain any packing action by these 
methods for the mortars of high lime 
content. 


2 1939 Book of A.S.T.M. Standards, Part II, p. 892. 
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Curing of Cubes: 


Treatment of the specimens after 
molding is given in Table I. 

Sufficient water was always available 
in the moist room in the form of mist so 
that the specimens were en wet 
on the surface. 


vies 


In the damp closet and the damp room 
insufficient water was present to cause 
wetting of the surface of the specimens. 
A very economical damp closet can be 
constructed, as was done in this instance, 
from a second-hand ice refrigerator. 
This is shown in the photograph in 
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inserted vertically at the rear of the box 
and water fed onto this by means of a 
perforated pipe at the rear of the burlap. 
Shelves were constructed. of hardware 
cloth in order that circulation would 
be impeded as little as possible. While 
much closer control was exercised over 
the conditions of temperature and rela- 


pike 


tive humidity in the moist room and 
damp room, the variations of these 
factors in the damp closet were relatively 
small. Measurements made in the 
damp closet with a recording thermostat- 
humidistat showed a maximum varia- 
tion of + 8 F. and + 5 per cent relative 
humidity. 
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Testing of Cubes: 

Cubes were tested in a _ hydraulic 
testing machine. 
Other Measurements: 


The plasticity figures were obtained 
using the Emley plasticimeter with the 
procedure given in A.S.T.M. Tentative 
Method of Physical Testing of Quick- 


lime and Hydrated Lime (C 110- 
38 T).3 
Flow-after-suction was determined 


with the Rogers apparatus using the 
procedure given in A.S.T.M. Standard 
Specifications for Masonry Cement 
(C 91-40)*, with the exception that the 
brick sand used for making the cubes 
was substituted for the Ottawa sand. 
Sand-carrying capacity was measured 
using the extrusion device. In the ex- 
trusion device a cylinder of mortar is 
extruded under pressure through a 
truncated conical section. Those pro- 
portions that can be extruded without 
excessive pressure are termed workable. 
Fineness of the limes was determined 
using the wash test given in A.S.T.M. 
Tentative Method C 110-38 T.* 


RESULTS 


The characteristics of the cementitious 
materials are given in Table II. Lime 
No. 2, the autoclaved dolomitic hydrate, 
shows the highest plasticity figure and 
sand-carrying capacity. It is generally 
true that a lime with a high plasticity 
figure has a high sand-carrying capacity. 
However, the apparent relationship ex- 
isting between plasticity figure and sand- 
carrying capacity for the three limes 
used is not generally true for all limes. 
This latter statement is based upon 
results already published’ and upon 


31939 Book of A.S.T.M. Standards, Part II, p. 910. 

41940 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 1. te : 

* Walter C. Voss, ‘Lime Characteristics and Their 
Effect on Construction,” Symposium on Lime, p. 103, 
Columbus Regional Meeting, Am. Soc. Testing Mats. 
(1939). 

*H. R. Staley, “‘Properties of Limes and Lime Mor- 
tars,” ee Am. Soc. Testing Mats., Vol. 41, p. 
975 (1941). 


measurements on a large number of 
limes, the results of which are as yet 
unpublished. Flow-after-suction is high 
for the three limes and based upon the 
measurements mentioned above this is 
characteristic of all limes, while that 
for the portland cement is relatively 
low as would be expected. A large 
percentage of lime No. 2 is retained on 
the No. 200 sieve in the wash test and 
while the percentage retained is still 
within the limits specified by A.S.T.M. 
standards, it is higher than the usual 
percentage for hydrates. A very light 


TABLE II.—CHARACTERISTICS OF 
CEMENTITIOUS MATERIALS. 


le Jog! Fineness, 
per cent re- 
Ps & ~ 30 200 
Portland cement...... 59 | 1C:2.28S 7.50” 
Lime No. 1......... 91 1L:7.38S 0.00; 5.04 
Lime No. 2......... | 340| 96 | 1L:12.00S | 0.34) 14.44 
Lime No.3... 125] 95 | 1L:5.80S | 0.10) 3.77 


® Sand-carrying capacity (based upon dry materials). 
> Mill test. 
© Flow after suction test made with the combined 
masonry sand used for mortars in accordance with the 
Gar given in A.S.T.M. Standard Method of Test for 
ater Retention of Masonry Mortar (C 91 - 40) 


brushing of the sieve while the washing 
is being carried out decreases this to 
approximately 5 per cent, indicating 
that the known agglomerating or floc- 
culating characteristics of this particular 
lime exists even with a large amount of 
water present. There is no doubt but 
that some of the characteristics of this 
lime are due entirely to the tendency of 
the lime particles to flocculate in the 
paste. 

Table III gives the average values for 
several measurements on the mortars 
used. The requirements for mixing 
water to produce the desired consistency 
varied in approximately the same man- 
ner for the three limes, the requirements 
increasing in each instance with increas- 
ing lime content. The density of the 
mortars decreased with increasing lime 
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TABLE UI.—DATA ON MORTARS. 


at 


content as would be expected, but with 
the mortars containing limes Nos. 2 
and 3 the decrease in density was much 
greater than for those mortars made with 
lime No. 1. These data indicate that 
there is more entrapped air in the mor- 
tars made with limes Nos. 2 and 3. 
Calculations based on these data indi- 
cate that there is 1.5 to 2.0 per cent 
more entrapped air in the mortars con- 
taining limes Nos. 2 and 3 than in that 
containing lime No. 1 at the proportion 
of 1:0.25:3. At the proportion 1:3:10 
there appears to be about 5 per cent 
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Fic. 2.—Comparison of Strength and Density. 


Lime No. 1 | Lime No. 2 Lime No. 3 
C:L:S Water, Flow, Density, Water, Flow, Density, Water, Flow, 
per cent®| per cent | per cent® per cent per cent®| per cent a vag 
| 
14.72 ill 135.0 14.75 109 133.0 15.18 116 132.0 
15.82 ill 131.8 16.68 110 124.0 16.27 112 125.0 
ie} Meee 113 130.0 18.29 ill 123.0 17.97 115 124.0 
17.50 113 129.2 17.95 108 122.0 17.41 ili 123.0 
RS AS te 18.36 114 128.7 19.77 108 121.0 19.04 112 123.0 
0:1:2.50 25.00 118 120.5 24.70 101 | 113.0 26.20 115 113.7 
4 Mixing water; based on weight of dry material in batch. js 4 ae 
> Density of freshly mixed mortar. 7 rs 


more entrapped air in the mortars con- 
taining limes Nos. 2 and 3. For any 
one type of lime, cement, and sand, 
with the same method for curing, there 
is a straight - line relation between 
strength of cubes and the density of the 
freshly - mixed lime-cement mortars. 
This is shown in Fig. 2 where density is 
plotted against 28-day strength. These 
data indicate that for a given set of 
materials and conditions, it would be 
possible to predict the strength with 
some degree of accuracy merely by 
measuring the density of the freshly 
mixed mortars. If this relationship is 
generally true then it would only be 
necessary to measure the strength and 
density of two or three mixes and the 
strength of any other proportion could 
be found by measuring the density and 
interpolation at any point along the 
line. With different sand, cement, and 
lime than those used in these tests, the 
variation in strength would be somewhat 
different. 

The results of the compression tests 
of the 2-in. cubes are given in Tables 
IV and V where each value given for 
any one lime represents the average 
value for 3 cubes. Wherever results 
appeared questionable, the mixes were 
repeated to make certain that some error 


140 had not been made in preparation or 


curing of the specimens. 
The data given in Table IV are pre- 
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TABLE IV.—COMPRESSION TESTS, 2-IN. CUBES. 
Each result given is average of 3 cubes 


ity, volume Lime | Compressive Strength, psi. 
t. 2 
Type of curing.............. {4 | 8 | 9 | 10] 12] 13] 
H (| No.1 | 3857 | 3127 | 3306 | 2831 | 3316 | 2885 | 4358 | 3377 | 2932 2668| 4061) 4200) 3277 
" 1 No.2 | 3225 | 2794 | 2772 | 2574 | 2565 | 2485 | 3732 | 3072 | 2435 | 2310) 2316) 3399| 3560| 3086 
; No. 3 | 3066 | 2826 | 2725 | 2623 | 2679 | 2602 | 3693 | 3027 | 3294 | 2762| 2760| 3895| 4116) 3397 
4:0:2523 Avg......... | 3280 | 2915 | 2935 | 2675 | 2855 | 2655 | 3925 | 3160 | 2885 | 2580] 2580| 3785| 3955| 3255 
- — (/ No.1 | 4163 | 4481 | 3820 | 4136 | 3831 | 4118 | 6119 | 5260 | 4001 | 3528) 3454) S311| 5425) 3855 
28 No.2 | 4185 | 4087 | 4308 | 3802 | 4030 | 3467 | 5042 | 4688 | 3632 | 2428) 3203] 4967| 4851| 3016 
No.3 | 4273 | 3890 | 4024 | 3040 | 4011 | 3761 | 5343 | 4977 | 4495 | 4034) 2760] 5356) 4826| 3144 
(| Avg......... | 4205 | 4155 | 4050 | 3960 | 3955 | 3950 | 5500 | 4975 | 4070 | 3330| 3200| 5210) 5035| 3335 ; 
on- | (| No.1 | 1256 | 1171 | 1044 | 1066 | 1417 | 1568 | 1437 | 1328 | 1037 | 1674| 1592] 2023| 2066| 1628 ri «i 
7 No.2 | 1391 | 1181 | 957 | 920 | 1049 | 861 909 899 | 973 | 1109) 1138| 1237) 1239) 1257 Pore 
ny No.3 | 1444 | 1285 | 1066 | 1021 | 1319 | 993 | 1244 | 962 | 1307 | 1159) 1243) 1517) 1521] 1349 ae Tg 
: 14:5 Avg......... | 1365 | 1210 | 1020 | 1000 | 1260 | 1140 | 1195 | 1065 | 1105 | 1315| 1325| 1590| 1610, 1410 
nd, ‘vs No. 1 | 2946 | 1887 | 1904 | 1673 | 2364 | 2157 | 2158 | 2341 | 1708 | 1850) 2350| 2793| 2546, 1957 
No.2 | 2029 | 1735 | 1651 | 1388 | 1603 | 1260 | 1330 | 1688 | 1521 | 1204) 1485| 1771| 1575] 1240 
ere No.3 | 1903 | 2076 | 1590 | 1387 | 1840 | 1363 | 1732 | 2208 | 1495 | 1304) 1709| 2023) 1810) 1290 
fiat AMG is si 2200 | 1900 | 1710 | 1480 | 1935 | 1595 | 1740 | 2080 | 1575 | 1450) 1845| 2195| 1975| 1495 
th (| No.1 | 876 470| 340| s30| 349| 818 | 751 | 727 | 982} 926] 910] 937) 1080 
No.2 | 467| 489| 354| 346| 327) 323 | 710 | 568 | 351 650) 723| 845| 841) 731 
rs || No.3 | 535| 557| 402| 385| 359 | 342 | 683| 583 | 455 | 740| 724| 742| 742| 668 
625 | 305 | 455 | 355| 405 | 340 | 735 | 635 | S10 | 790) 790} 830| 840| 825 
is No.1 | 1460 | 880 | 1114 | 658 | 1081 | 671 | 1406 | 1646 | 1160 | 1076) 1306] 1539] 1399] 1104 
281! No.2 | 775 | 835 | 630| 622| 637 | 586 | 1189 | 1249 | S09 | 950| 1280| 1092| 
ese No.3 | 897 | 1018 | 783 | 714 | 723 | 653 | 1010 | 1221 | 715 | 810| 918) 1184] 1009] 667 
1045 | 915 | 840 | 665 | 815 | 635 | 1200 | 1370 | 795 | 925 1050] 1335| 1165} 860 
of (| No.1 | 722] ... | 459| ... | 481 | 634 | 418 | 649) 663] 657| 651| 653 
be No.2 | 620 44s |... | 432 403 | 409 | 313 | 489) 449) 448| 460 
No.3 | 633 432| ... | 391 | 427 | S05 | 333 | 645| 580| 527| 590 
rith Avg......... | 660 465| ... | 425 | 435 | 515 | 355 | 610) 545| 565 
1:2:7.5 (| No.1 | 1290 ... | 785 | 783 | 1236 | 686 | 787| 859| 1139] 912) 905 
by || 28{| No.2 | 972 728 | ... | 680 | 583 | 907 | 457 | 544) 698) 586| 529 
| No.3 | 809 oor | ... | 528 604 | 1117 | 493 | 673] 813| 663| 669 
hly { Avg.........| 995 720 | ... | 668 655 | 1085 | 545 | 675| 725} 885| 720) 700 
» 1S (| {| Nod 149 | ... | 78} 171 | 237 | 311 | 516) 467| 342) 475 
No.2 | 150 | 93| ... | 86| 108 | 170| 149 | 297) 237| 239) 248 
be No.3 | 182 us|... | 98 99 | 188 | 156 | 225| 265| 280) 343 
Avg......... | 160 | 95 | 85 125 | 195 | 205 | 345| 325| 275| 285| 355 
and 1:3:10 No.1 272 | 183 | 145 | 318 | 675 | 467 | 627) 581) 582) 385) 432 
28 No. 2 256 | 160 160 | 190 407 218 316; 330) 342) 264) 237 
the No.3 | 337 | 221 | 193 189 | 499| 246) 257| 318] 417| 332| 417 
uld 290 | 190 | 165 230 | 525 | 310) 400) 410) 445) 325) 360 
and TABLE V.—COMPRESSION TESTS—2-IN. CUBES hs f : 
he strengths for this type of mortar. The 
and (Each result given in average of 3 cubes) treatments given in methods 7, 12, and 
13 yield approximately the same results 
the Age, Lime Compressive Strength, psi. oF PP y * 
eae ays and it appears that any one of these 5 
Type of curing........ 15 | 16 17 18 methods would be suitable for this type 
No.1......| 105 | 103 | 100 | 62 of mortar. The consistently low values 
bles for treatments 1 to 6 may be due to re- “4 
for Avg......| 95 9 | 9 55 moving the molds at 24 hr. The only Pee ¥ 
(| No.t.......| 183 | 122 72 | 110 direct comparison of the effect of remov- 
rage og || No-2......| 176 119 68 | 120 te ‘9 
ults 89 a7 | ing the molds at 24 hr. is given by curing 
rror difference is very marked between Fis 
or sented graphically in Fig. 3. Consider- methods 5 and 7 and the same tendency 
ing the 1:0.25:3 mix, it is obvious that _ is indicated between 6 and 9 though the Tk 
pre- during methods 1 to 6, inclusive, and 9 difference is much less. It is quite evi- oe 


to 11, inclusive, do not produce optimum 


dent that the low humidity afforded by 
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treatments 10, 11, and 14 is not con- 
ducive to optimum strength for this 
proportion. The average percentage in- 
crease in strength from 7 to 28 days is 
approximately the same for all treat- 


Parl 
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that an early drying period might result 
in higher values than those obtained by 
some of the other methods. Here 
again the low humidity of treatments 
10, 11, and 14 again is not conducive 


For the 1:1:5 mix the same trend is 
hown, although not quite so markeds, 
as shown for the 1:0.25:3 mix. The 
effect of removing the molds at 24 hr. is 
evidently lessened somewhat by the 
drying effect of exposure to the labora- 
tory air for this period under methods 
1 and 2. The difference in strength 
produced by removing the molds at 24 
or 48 hr. appears to be negligible in 
this instance, although it is indicated 


i= 

“ im 


Curing Method ‘ 
Fag, 3.—Comparison of Strength of Cubes with Variation in Curing Method. 


ments except 10, 11, and 14. i, to optimum strength, although it is 
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indicated that the water storage after 
7 days for treatment 11 offsets somewhat 
the early exposure to low humidity. 
The 1:1.5:6.25 mix reacts in approxi- 
mately the same way to the varied 
treatments as the 1:1:5 mix, except that 
the effect of the drier atmosphere in 
the latter part of the curing period of 
treatment 8 results in a higher percent- 
age increase in strength from 7 to 28 
days. The decrease in strength due to 
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immersion in water is somewhat more 
marked than for the previous mix. 

For the 1:2:7.5 mix, the effect of 
removing the molds at 24 hr. is notice- 
ably reduced by the drying period af- 
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although the 7-day strength obtained 
with this treatment is lower than for 
some of the other treatments. The 
lower 7-day strength is no doubt due to 
the exposure to the wet atmosphere of 


forded by treatment 1. No tests the moist room. Early immersion in 
Mix 
110 
ro) 130 
o|!10 ost 7X 7 — 
=| 70 == 
50-445 
Fic. 4.—Comparison of Curing Methods. , 
were projected for treatments 2, 4, water under treatment 9 gave the low- =| 
and 6 for this or the 1:3:10 mix as it est results, and the cubes which were 
was assumed that still lower results immersed in water at any time had a 
would be obtained than given for the chalky surface at the time of removal. ey 


other treatments. Treatment 8 re- 
sulted in the highest 28-day strength, 
indicating again that the lower humidity 
in the latter half of the curing period 
was conducive to increase in strength 


Storage of this mix in waterisnotcon- __ 
ducive to optimum results as shown 
under treatments 9, 11, and 13. 

The effect on strength of removal from 
the molds at 24 hr. is quite obvious for 
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the 1:3:10 mix and again some benefit 
is obtained by the early drying period 
afforded under treatment 1. Treat- 
ment 8 results in the highest strength 
although the 7-day strength is lower 
than obtained with some of the other 
treatments. It is rather surprising that 
treatment 9 gave higher strength values 
than 7 and equivalent 7-day strength 
to method 8. These results are probably 
questionable, but insufficient time was 
available to repeat these mixes. All 
cubes of this mix which were immersed 
in water during the curing period had 
chalky surfaces at times of removal. 

Considering all proportions and the 
application of any single curing method 
to all mixes, the treatment afforded by 
method 12 appears to be as uniformly 
suited as any. It is the opinion of the 
author that this treatment can be very 
easily and economically duplicated by 
any other laboratory for comparative 
purposes. 

Accordingly, the percentages of 
strength obtained for the various curing 
methods were calculated with the re- 
sults obtained with treatment 12 as 100 
per cent. These values are plotted in 
Fig. 4. Here it can be seen that relative 
to the strengths obtained with treatment 
12, there is no other single treatment 
that could be considered to yield equiv- 
alent results. Treatment 1 for the 
1:1:5 and the 1:2:7.5 mortars, treat- 
ment 8 for the 1:2:7.5 mortars, treat- 
ments 10 and 11 for the 1:3:10 mortars, 
treatments 7 and 13 for the 1:0.25:3, and 
treatment 13 for the 1:1:5 mortar might 
be said to yield results equivalent to 
those obtained with treatment 12. The 
lower humidity afforded by treatments 
10 and 11 affect the relative strength 
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percentages the least for the mortars of 
higher lime content, while the water 
storage after 7 days of treatment 13, 
or the moist curing of treatment 7, 
affects the relative percentages least 
for the mortars of higher cement con- 
tent. Considering the effect of all the 
curing methods the largest relative 
percentage variation of strength is 
shown by the mortars of higher lime 
content. 

Table V gives the results obtained 
with the straight lime mortars. It is 
indicated here that storage in the labora- 
tory air is the correct treatment for this 
type of mortar. Since the laboratory 
air to which these specimens were ex- 
posed averaged approximately 30 per 
cent relative humidity, storage in air 
of relatively low humidity seems to be 
desirable for this mortar. 


For the lime-cement mortars tested, 
storage in a damp closet at 70F. and 
90 per cent relative humidity, with no 
fog or spray present, appears to yield 
results that are normal and consistent. 
Since the range of proportions used in 
these tests is considered representative 
of the full range of characteristics usually 
found in masonry mortars, there ap- 
pears to be no need for water storage 
with any masonry mortar. 

The type of storage devised for curing 
method 12 consisting of a converted 
ice refrigerator appears to yield results 
that are as consistent as those obtained 
by any of the other types of storage used. 

The curing treatment best suited for 
straight-lime mortars appears to be 
storage in laboratory air with a fairly 
low relative 
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‘Built of Masonry Units,” Report BMS 8&2, 
Materials and Structures, “April 15, 1942. 
4Senior Technologist, National Bureau of Standards, 
Washington, D. C. 


Mr. F. O. ANDEREGG.'—Some of the 
data presented by Mr. Staley afford an 
opportunity for making a plea for uni- 
formity in conventions for mortar pro- 
portions. His “1:1:5” mix is made up 
with 94 lb. cement, 45 lb. of hydrated 
lime and 475 lb. of sand. According to 
the convention adopted last year by 
Committee C-7 on Lime,? such a mix 
would be 1:0.9:5.93 by volume, while 
according to a recent proposal from 
Committee C-12 on Mortars for Unit 
Masonry this same mix would become 
1:1$:5.93. Should not those of us in 
this Society who are interested in mor- 
tars get together and agree to talk the 
same language? 

I should like to ask Mr. Staley, in 
view of his practical experience as a 
brick mason, to state whether all mor- 
tars made up to a given flow would be 
suitable for laying bricks which have (a) 
low, (b) medium or (c) high initial 
absorption rates. Our experience has 
been that, according to the amount of 
sand and lime in the mix, and depending 
upon the initial suction of the bricks, 
flows ranging from about 75 to as high 
as 140 per cent would be suitable for use. 
Some data presented recently by Fish- 
burn’ have a bearing on this point. 

Mr. J. W. McBurney‘ (by letter).— 
Has the author any data which indicate 
the effect of water content at time of 


1 Consulting Specialist on Building Materials, Newark, 
Ohio. 

2 Report of Committee C-7 on Lime, Proceedings, Am. 
Soc. Testing Mats., ee 41, LP: 277 (1941) 

* Cyrus C. Fishb urn, ater Permeability. of Walls 
Building 


testing on apparent compressive 
strength? What, for example, would 
be the effect of adding a 24- or 48-hr. 
air drying period following removal from 
water at 28 days? 

Has Mr. Staley any data on the water 
retentivities of the mortars themselves? 
Although the author states that flows 
after suction reported in Table II were 
made in accordance with the procedure 
given in A.S.T.M. Standard Specifica- 
tions for Masonry Cement (C 91 — 40),5 
the values more resemble “flows after 
suction” than “‘per cent of initial flow” 
as prescribed by Specifications C 91 — 
The unusually high values for the limes 
may be explained by the richness of the 
mortars (45:135 by weight, or approx- 
imately 1:13, by volume). Even so, the 
values are notably higher than those 
reported by Wells. Wells tested lime 
mortar 1:6 by weight (approximately 
1:3 by volume) and presented results as 
“flow after suction” where the initial 
flow was 130 per cent. Differences in 
proportioning do not, however, explain 
the very high value given for portland 
cement. Compare the 59 per cent water 
retentivity reported by Mr. Staley on a 
straight portland cement mortar with 
the 31 per cent (G2) and 34 per cent 
(H2) values reported for 1:1:6 mortars 
in Table IV of Committee C-12’s co- 
operative report.’ These low water 


Supplement to Book of A.S.T.M. Standards, 
art p.1 

* Lansing S. Wells, Dana L. Bishop and David Wat- 
stein, ‘Differences in Limes as Reflected in Certain Pro; 
ties of Masonry Mortars,” Journal of Research, 
Bureau Standards, Vol, 17, No. 6, December, 1936, p. 398 
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retentivities are checked by other lab- 
oratories. Some cooperative checking 
of instruments and methods would seem 
advisable. From the data available, 
water retentivities reported by Mr. 
Staley appear to be about 20 per cent 
above those usually reported. Inter- 
estingly enough, the Emley plasticimeter 
reading appears to be in the opposite 
direction. This statement is based upon 
lime No. 2 of the present paper and data 
presented by Mr. Staley before the 
Society in 1941.8 

The compressive strengths are in good 
agreement with the C-12 data where 
water contents of the mortars agree. 
Consideration might be given to the 
possibility that, if Mr. Staley and the 
writer should trade their testing instru- 
ments, it might be found thereafter that 
they had also traded their views as to 
what are reasonable requirements for 
water retentivity and strength of 
particular mortar mixes. 

Permit me to say, in conclusion, that 
Mr. Staley’s paper is very timely, 
informative and valuable. 

Mr. Howarpd R. (author’s 
closure).—In answer to Mr. Anderegg, I 
agree that there should be some uniform 
practice adopted in regard to mortar 
proportions. My personal preference 
would be a definition on a weight basis, 
using the weights of dry materials in the 
proportion rather than a volumetric 
basis where different interpretations can 
be used. 

Mortars of all proportions of cement- 
lime content, when made up to the same 
flow, would not be equally suitable for 
laying brick in any one of the classifica- 
tions given in (a), (6), or (c). Con- 
sidering any one classification, it is gen- 


SH. R. Staley, 
Mortars,” Proceedings, Am 
p. 975 (1941). 

9 Assistant Professor of Building Construction, In 
Charge of Building Materials Research Laboratory, Mas- 
sachusetts Institute of Technology, Cambridge, Mass. 


Feepertinn of Limes and Lime 
. Soc. Testing Mats., Vol. 41, 


erally true that mortars of high cement 
content require a higher flow as measured 
by the flow table to be suitable for the 
mason’s requirements. The variation in 
flow or consistency between a_ high- 
cement and a high-lime mortar would 
be larger when used with the brick of 
high initial absorption due to the fact 
that water retentivity is a more critical 
factor in this range of absorption. That 
is, the high-cement mortar would have a 
tendency to become rigid more quickly, 
due to loss of water, than the high-lime 
mortar, therefore more water must be 
added. In the case of any one mortar 
the flow usually must be greater the 
higher the rate of absorption of the unit 
being laid. In all probability the range 
of flow values would be at least as high 
as indicated by Mr. Anderegg. 

There is a general lack of appreciation 
of the fact that there is a very small 
degree of precision in the average 
mason’s judgment regarding flow or 
consistency, for the reason that the 
mason becomes accustomed to using any 
one mortar over a fairly wide range of 
consistency. When the mortar is first 
placed on the board it is probably slightly 
wetter than would be considered “nor- 
mal’ consistency. By the time the 
mortar has been used up, the consistency 
is stiffer than would be considered 
“normal.” The flow range might well 
be as high as 40 or 50 per cent during the 
period of using the mortar. Unless the 
mason has had considerable practice in 
mixing a mortar from dry materials and 
adding water in small increments until a 
workable consistency is obtained, his 
judgment regarding consistency is apt 
to be valueless from a laboratory control 
standpoint. 

Replying to McBurney, no data are 
available for the exact conditions indi- 
cated by him but some additional work 
has been done which includes the drying 
effect for longer periods. The effect of 
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laboratory storing (curing method 15) 
has been extended to include all the 
proportions investigated and two addi- 
tional methods have been used as shown 
under curing methods 19 and 20 below: 


en 
After 
Ty | Re- d Removal | After Age 
Curing Molding yo from of 7 days 
Molds, Molds 
hr. 
48 To D.C. | InD.C. 
ratory 
Left in 48 | ToD.C. | In labora- 
ratory | tory air 


The results obtained for the cement-lime 
mortars using the three additional meth- 
ods are given in the accompanying 
Table I. 

From this Table, it can be seen that 
the curing conditions afforded by expo- 


TABLE I.—COMPRESSION TESTS. 


Mix by Age Com ive S 
pressive trength, 

| days | Mime | pai 


1:0.25:3 yee 2445 | 2695 | 2735 


No 2248 | 3579 | 3580 
2350 3615 | 
No. 1 1200 | 1364 | 1367 
7 | No. 2 859 | 992 | 988 
No. 3 890 | 969 | 1009 
11:5 Avg.............| 980 | 1105 | 1155 
No. 1 1171 | 2077 | 2230 
28 | No. 2 | 890 | 1513 | 1577 
-3 | 1012 | 1570 | 1665 


~ 
— 
oo 
oo 
oo 


1:1.5:6.25 {| Avs 


| No.1 765 | 1285 | 1355 

28 No. 2 592 899 | 962 

No. 3 586 950 | 1012 

645 1045 | 1110 

No. 1 476 505 516 

7 | No. 2 397 382 397 

te No. 3 405 382 395 

425 420 | 435 

1:2:7.50 () No.1 472 | 895 | 906 

28 {| No.2 448 676 | 729 

No. 3 465 794 

Ml 460 60 | 5 

(Ae, No. 1 318 298 314 

| Nos | 36 | 20 | 218 
0.3 10 

No.1 359 529 | 625 

28 | No. 2 242 317 370 

| No.3 287 | 379 | 505 

295 | 405 500 


sure to laboratory air the entire time 
(method 15) does not give maximum 
results for any of the cement-lime 
mortars and is very detrimental to the 
strengths of the mortars of high cement 
content. Curing methods 19 and 20 
also result in a decrease of strength, 
below that obtained with curing method 
12, for the 1:0.25:3 and the 1:1:5 
mortars. For the 1:1.5:6.25 mortars 
and curing methods 19 and 20, the 
7-day strengths are low, while the 28- 
day strengths are about 80 per cent of 
those obtained with curing method 12. 
For the 1:2:7.5 and 1:3:10 mortars, the 
use of curing methods 19 and 20 results 
in low 7-day strengths while the 28-day 
strengths average lower for curing 
method 19 and somewhat higher for 
curing method 20 than obtained with 
curing method 12. 

It is practically certain that a 24 or 
48-hr. drying period just before testing 
would increase the strength of the speci- 
mens over that obtained with wet speci- 
mens but it is believed that such a pro- 
cedure would not give strengths with the 
full range of mortars comparable to those 
obtained by using curing method 12. 

No data are available on the water 
retentivities of the mortars themselves. 
The flow after suction values given are 
“per cent of initial flow” as specified in 
A.S.T.M. Specifications C 91-40. The 
richness of the mortars used may account 
for the values obtained as compared to 
those obtained on mortars by others. I 
have suggested to Committee C-12 that 
considerable cooperative work could be 
done with the Rogers apparatus to deter- 
mine the degree of correlation obtained 
by various laboratories and the manner 
in which the flow after suction value is 
altered by various procedures. It should 
be remembered that the flow after suc- 
tion value of 59 was obtained using the 
standard proportion according to the 


| 
ct of = 


Federal Specification for Cement; Ma- 
sonry and A.S.T.M. 
Specification C 91-40, rather than on 
the mortars as reported to Committee 
C-12. No one knows the effect of pro- 
portion of sand, richness of mix or brand 
of cement or of lime on these results, and 
variation in these materials would cer- 
tainly affect the results obtained. Lime 
No. 2 of the present paper was not in- 
cluded in the results reported in 1941, 
though the statements made then would 
apply equally as well to this lime. The 
same tendency regarding the Emley 
Plasticimeter reading is shown now as 
was indicated in 1941. 

I heartily agree that there should be 
some means of checking laboratory 
instruments and procedures. All of 
the instruments used by this laboratory 
are supposedly standard instruments 
built and assembled by reputable manu- 
facturers, with the exception of the flow 
table which was assembled in our own 
shop. We have obtained excellent re- 
producibility in our results, therefore 


10 Pubiehed by U. S. Government Printing Office, Jan- 
uary 12,1 
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the laboratory techniques involved can- 
not be a major factor in this laboratory. 
The Cooperative Tests on Masonry 
Mortars reported by Committee C-12" 
give some idea as to the wide variation 
that is obtained in results by laboratories 
working with supposedly standard in- 
struments and it is the belief of the 
author that no specification for masonry 
mortars can be intelligently formulated 
until more work of this kind is completed. 
The proper place to start such work 
appears to be in the calibration of 
instruments used in the various labora- 
tories, rather than in the manner 
previously used. 

Contrary to Mr. McBurney’s state- 
ment, I have made no recommendations 
regarding reasonable requirements for 
water retentivity or strength of various 
proportions of mortar in this paper. On 
the basis of these results, I have some 
definite opinions on this subject but I 
have confined the subject matter of the 
paper to reporting the results as ob- 
tained. 
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CEMENT CONCRETES 


By C. W. MUHLENBRUCH! AND E. H. MILLER! 

SYNOPSIS 


The reflectivity of white cement concretes now in wide use for curbs and 
other reflecting surfaces is affected by types of aggregates, water-cement ratio, 
method of curing, and method of finishing. Freezing and thawing, and ex- 
posure tests of 150 summer and 100 winter days show that loss of reflectivity 
may be as high as 70 percent. Various ratios of light and dark sand to cement 
give information useful in designing a mix. The effect of five dispersing or 
wetting agents on reflectivity, normal consistency, and strength has been 
studied. Wetting agents when added in the amount of 1 per cent by weight of 
mixing water overcome the difficulty of mixing white waterproof type cement 


without affecting the properties. 


White concrete has been used exten- 
sively for curbing and center line markers 
in highway work to provide contrast 
with ordinary gray concrete. It has also 
been used for terrazzo floors, architec- 
tural concrete, and more recently for 
light-reflecting floors in airplane as- 
sembly plants. For “saw-tooth” re- 
flecting curbs of some types the concrete 
is cast against a form and for floors or 
center line markers it is trowled to the 
final finish. In most cases maximum 
reflectivity is desirable even under severe 
conditions of exposure. While con- 


portland-cement concrete. A secondary 
study was made of the effect on reflec- 
tivity, normal consistency, and strength 
caused by the addition of various admix- 
tures intended to increase the work- 
ability of the mixes and thereby to in- 
crease their reflectivity. 


MATERIALS AND TEST SPECIMENS 


Two types of white cement commonly 
available were studied: namely, standard 


white and waterproof white. The ia 
waterproof type is ground with calcium 


stearate to cause a reduction in capillary 


- 


siderable attention has been given to See of water through the set con- ee 
the method of installing white concrete, the 
little has been published regarding the P 
factors which contribute to its reflec- White White 
ivi ” Normal consistency, 
tivity or “whiteness. cent... 
The primary purpose of this investiga- _Vicat setting time, hr. rise 
tion was to determine the influence of the 
water-cement ratio, quantities and types Tensile strength, 7 yaiisies 400 376. faa 
of aggregates, and severe conditions of 
ys, 2-in. cubes, psi. . 
exposure on the reflectivity of white expansion, 
_ 1 Assistant Professor of Civil and Senior Specifies 
775 
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Allegheny River sand, which has a 
light brown color, and commercial white 
sand ground toa natural grain from a 99} 
per cent silica rock deposit near Maple- 
ton, Pa., were the two types of fine 
aggregate studied. The following sieve 
analyses, made in conformity with 
A.S.T.M. Standard Method of Test for 
Sieve Analysis of Fine and Coarse 
Aggregates (C 136 — 39),? were obtained 
for the fine aggregate: 


Percentage Passing 


White Sand River Sand 
100 99 
100 98 
100 90 
‘gh 17 17 
« 2 1 


The only coarse aggregate used was 
washed crushed limestone having the 
following sieve analysis made in con- 
formity with A.S.T.M. Method C 136: 


Percentage 
Passing 


In addition to the sieve analyses the 
following general properties were deter- 
mined for all aggregates in accordance 
with the appropriate A.S.T.M. pro- 
cedures: 


White | River | Lime- 
Sand Sand | stone 


Unit weight, lb, per cu. ft.* 94 98 95 


Percentage of voids 43 37 43 
Apparent specific gravity®.. 2.66 2.49 2.67 
Fineness modulus?............| 1.84 2.13 


@ Standard Method of Test for Unit Weight of Aggre- 
ae (C 29 ~ 39), 1939 Book of A.S.T.M. Standards, Part 
, p. 308, 

P Standard Method of Test for Voids in Aggregate for 
Concrete (C 30 - 37), Ibid., p. 310. 

© Standard Method of Test for Specific Gravity and 
Absorption of Coarse Aggregate (C 127 - 39), Ibid., p. 300. 
Standard Method of Test for Specific Gravity and Ab- 
sorption of Fine Aggregate (C 128 - 39), Ibid., p. 302. 

Standard Specifications for Concrete egates 

(C 33 - 40), 1940 Supplement to Book of A.S.T.M. Stand- 
ards, Part II, p. 87. 


? 1939 Book of A.S.T.M. Standards, Part II, p. 298. 
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A total of 224 reflectivity specimens 
8 in. square and 2 in. thick were cast in 
lightly paraffined cardboard boxes. The 
mix was composed of one part by volume 
of white portland cement, two parts by 
volume of fine aggregate, and three parts 
by volume of coarse aggregate with 
water-cement ratios of 5, 6, 7, and 8 
gal. per sack. The quantity of fresh 
concrete required to cast the four test 
blocks prepared for each water-cement 
ratio constituted a batch. The weights 
of material required to yield one batch 
were calculated by the absolute-volume 
method to permit actual proportioning 
by weighing. Specimens having a 
water-cement ratio of 5 gal. per sack 
were placed with a vibrator and all ex- 
posed surfaces were finished by trowel- 
ing. Two of the four specimens were 
cured for 28 days in a moist room main- 
tained at 100 per cent humidity and 
70 F., while two were cured under room 
conditions for the same length of time. 
Specimens cured in the humidity box 
were permitted to dry two days before 
measuring the reflectivity. 

Because of the natural repellency to 
water of the waterproof white cement, 
this material was added after the water 
had been mixed with the sand. The 
coarse aggregate was then added to the 
mix. While it is possible to mix the 
waterproof cement with water, it requires 
considerably more time than the method 
used and was therefore considered im- 
practical for actual work. 

Five admixtures were used with both 
types of cement in an effort to increase 
the reflectivity, particularly for the lower 
water-cement ratios, by bringing the 
cement particles to the surface as a 
result of increased workability of the 
concrete mix. The admixtures were 
dispersing agents, wetting agents, grind- 
ing aids, or penetrants as follows: 

Admixture Type 1.—A_ dispersing 
agent containing triethanolamine and 
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about 98 per cent soluble in water at 
130 F. Ground with cement or dis- 
solved in mixing water in ratio of 4 oz. 
per barrel of cement. 

Admixture Type 2.—A natural resin 
about 90 per cent soluble in water at 
130 F. Occasionally used as a grinding 
aid. Dissolved in mixing water in ratio 
of 3 oz. per barrel of cement. 

Admixture Type 3.—A penetrant used 
to hasten the dyeing of fabrics. Com- 
pletely water soluble at ordinary tem- 


strength of 2-in. cubes, autoclave expan- 
sion, and fineness or specific surface 
were made in conformity with A.S.T.M. 
Standard Methods of Sampling and 
Physical Testing of Portland Cement 
(C 77 —40),* Tentative Method of Test 
for Compressive Strength of Portland 
Cement Mortars (C 109 — 37 T),* Tenta- 
tive Method of Test for Autoclave 
Expansion of Portland Cement (C 151 - 
40 T),> and Tentative Method of Test 
for Fineness of Portland Cement 


peratures. Dissolved in mixing waterin Means of the Turbidimeter (C 115 - 
6 
varying concentrations. 41 T).° In making the normal con- 
ligh Black cloth 
Weston light ack Cloth-- 
“Bellows” 9% in. sq. adjusted to ~_ 
at “see” specimen surface only 
Fic. 1.—Apparatus Used to Determine the Reflectivity of White Portland Cement Concretes ers 
Admixture Type 4.—A synthetic wax sistency test for the waterproof cement, Bs Dac 
used to promote a spreading effect in it was necessary to increase the mixing es 
casein paints, shoe dressings, etc. Com- time to about 6 min. to permit enough 
pletely water soluble at 135 F. Ground combination of water and cement to give se 
with cement or dissolved in mixing water uniform results. eye seg 
in ratio of 4 oz. per barrel of cement. Grinding of the admixtures with the %: Re 
Admixture Type 5.—A wetting agent cement was accomplished in porcelain pees 
used in textile dyeing and for photo- jars charged with flint pebbles and 5 Ib. 
graphic purposes. Completely water cement. The grinding was continued 
soluble at ordinary temperatures. Ob- for 30 min. at a speed of 35 rpm. ete 
tained as a 10 per cent solution and dis- 4 me 
solved in the mixing water, 
Supplement to Book of A.S.T.M. Standards, 
APPARATUS 1990'Book of A.S.T-M. Standards, Part II, p.892. 


The tests for normal consistency, time 
tensile strength, 


of set, compressive 


5 1940 Supplement to Book of A.S. TM. Secatieeda, Part 
II, p. 176. 

Pina Supplement to Book of A.S.T.M. Standards, 
Part II, p. 257. 
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The apparatus used to measure the 
reflectivity of the white concrete speci- 
men is shown in Fig. 1. The “bellows” 
is adjusted by moving it toward or 
away from the specimen until only the 
light from the test surface is reflected 
through the 6-in. square opening. This 
adjustment need only be made once for 
the size of specimen used. The inside 
top, bottom, and two side surfaces of the 
specimen end of the box are painted 
white to diffuse the light completely over 
the test surface. The inside surface of 
the specimen end of the light box, the 
inside of the ‘“‘bellows,” and the inside of 
the back chamber have been exposed to 
the smoke of burning camphor. This 
produces a dead black surface which 
absorbs approximately 99 per cent of the 
light falling upon it. As shown in Fig. 1 
the specimen rests on a horizontal sup- 
porting block and is aligned with respect 
to the opening by two vertical guide 
blocks. This opening (7{ by 7% in.) 
gives a test surface of 60 sq. in. Light- 
tight black cloths drop over the speci- 
men and over the photoelectric cells of 
the light meter to prevent the measure- 
ment of any outside light. Diffused 
light from the eight 750-w. Photoflood 
bulbs falls upon the test surface and is 
reflected through the “bellows” to the 
two Weston photometer cells where it 
is measured by a Weston illumination 
meter reading to 0.1 foot candle. 

All readings are referred to a standard 
plate made of sand-blasted white glass 
and having a reflectivity of 82 per cent 
which value was obtained with a re- 
flectometer. The procedure is to place 
the standard plate across the specimen 
end of the light box and obtain a reading 
for the amount of reflected light. A test 
specimen then replaces the standard 
plate and the reflected light is again 
measured. The ratio of this latter value 
to the standard value, when multiplied 
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—_— 


by 0.82, is the actual reflectivity of the 
specimen. 

When a surface that has been smoked 
black with burning camphor is placed in 
the test position at the specimen end of 
the box the reflected light is less than 
+ foot candle. This indicates that the 
“bellows” is properly placed and that 
the photometer cells measure only the 
light reflected from the test surface. 
The values of reflectivity obtained with 
this apparatus are within 3 per cent of 
those obtained with a reflectometer. 
Values of reflectivity differing by only a 
few per cent may be considered the same 
inasmuch as light-measuring equipment 
will not permit comparisons better than 
about 3 per cent. 


RESULTS AND DISCUSSION 


Reflectivity of Neat Cement and Cement 
Mortars: 


Preliminary tests were made on neat 
cement specimens using plain water and 
the five admixtures. This study indi- 
cated that the maximum reflectivity of 
room-cured specimens was reached in 15 
days and that a curing period of 28 days 
was therefore sufficient. The average 
reflectivity for these neat cement speci- 
mens was 82 per cent with no one type 
varying from the average by more than 
2 per cent. These values may be com- 
pared with 33 per cent for gray portland 
cement mixed with white sand and 20 
per cent for the same cement using river 
sand. 


Effect of Admixtures on Physical Prop- 
erties of Cements: 


Pilot specimens prepared in outlining 
the tests indicated that the 5 gal. per 
sack mix would be difficult to work even 
with a vibrator. The five admixtures 
previously mentioned were used in an 
attempt to increase the workability of 
this mix. It was felt that an admixture 
which, when added to the mixing water, 


Normal Consistency, per cent 


Normal Consistency, per cent 


we 
a 
crt 
of 
f 
no 
ce 
ty 
th 
< 
- 
é 
FI 
1 
T 
ce 
st 
p 
st 
ce 
3 
di 
Ww 
\ 


woudl reduce the normal consistency of 
a cement would tend to produce in- 
creased workability if the same amount 
of mixing water was used. The effect 
of four of these admixtures upon the 
normal consistency of standard white 
cement is shown in Fig. 2. Admixture 
type 3 was the most effective in reducing 
the normal consistency. 
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Normal Consistency, per cent 


3 4 5 
Admixture, oz. per barrel or per cent by weight 


Fic. 2.—Effect ofjVarious*Admixtures upon 
the Normal Consistency of Standard 
White Cement. 
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2 26 © Admixture Type 3 7 
4 Admixture Type 5 
25 | 
5 
24 
5 10 15 


Admixture, per cent by weight 


Fic. 3.—Effect of Penetrant and Wetting Agent 
upon the Normal Consistency of Waterproof 
White Cement. 


All the admixtures except type 3 had 
practically no effect upon the 7-day 
tensile and compressive strengths. 
Type 3 showed no change up to 3 per 
cent concentration but at this point the 
strength began to decrease until at 6 
per cent concentration the tensile 
strength was 20 per cent lower and the 
compressive strength of 2-in. cubes was 
30 per cent lower. Because of this re- 
duction in strength admixture type 3 
was not used with the standard type of 
white cement. 


REFLECTIVITY OF Ww HITE CEMENT 


The penetrant, which is 
type 3, and the wetting agent, which is 
admixture type 5, were used in an at- 
tempt to reduce the normal consistency 
of the waterproof cement with the re- 
sults shown in Fig. 3. Their effect 
upon the 7-day strength of waterproof 
cement is shown in Fig. 4. Although 
the compressive strength was raised and 
the tensile strength was lowered, the 
added workability and ease of mixing 
resulting from the use of these admix- 
tures was the primary consideration. 
Both admixtures, although they satisfied 
the conditions for normal consistency 
at any concentration, actually seemed to 


8 
8 


© Admixture Type 3 
Admixture Type 5 


350 


/ 


Compressive Strength, psi 
8 
4 
Tensile Strength, psi 


0 2 4 6 8 
Admixture, per cent by weight 


Fic. 4.—Effect of Penetrant and Wetting Agent 
upon the 7-day Strength of 2-in. Cubes and 
Briquets Made with Waterproof White Cement. 


produce excess workability so that the — 


cement particles were brought to the 


surfaces during molding, leaving a rela- 
tively weak core. Since 1 or 2 per cent 
of the penetrant or wetting agent was 


enough to overcome the mixing difficulty _ 
of the waterproof type of cement, the © 
reflectivity specimens were made with © 


these concentrations. 


4 


Effect of Aggregate on Reflectivity: rat 
Clean, sound coarse aggregate has no -. ey 


effect upon the reflectivity of white con- 
crete if it is not worked to the surface. 
The sand used does have an effect, how- 
ever, as may be seen from Fig. 5. As 
the sand content of the mortar is in- 
creased to a ratio of one part cement, 


four parts sand, the reflectivity of about 
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1:2 1:3 
Cement: Sand Ratio 3 
Fic. 5.—Effect of Various Amounts of White and Allegheny River Sand on the Reflectivity of 

White Cement Mortars. 
Each plotted point represents the average of two specimens. eae oh 


—OoO— White Sand 


White Sand | ,, 
—o— River Sand Room Cured River Sand Cased 
80 7 80 
= 50 
8 Standard Cement 
. “ 5 6 7 8 
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= 
| 
Ly 
Admire Type 1 Admixture Type 4 
40 40 xe 
te Water-Cement Ratio, gal. per sack we 


Fic. 6.—Characteristic Reflectivity Curves for Increasing Water-Cement Ratios. Admixtures 
added to mixing water. Trowled surfaces only. 
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80 per cent decreases to about 38 per 
cent for river sand and to about 68 per 
cent for white sand. Figure 5 shows 
that a 1:0.5 river sand mortar has the 
same reflectivity as a 1:3.3 white sand 
mortar. For white mortar the choice of 
a sand will depend, as it also does for the 
white concrete, on the relative costs of 
the two and the yield produced using the 
proper cement-sand ratio. 


Effect of Water-Cement Ratio, Method of 
Curing and Finishing, and Admixtures 
on Reflectivity: 


In Fig. 6 are shown characteristic 
curves for the relationship between re- 
flectivity of troweled surfaces and water- 
cement ratio for standard white cement 
using river sand or white sand in moist- 
curing or room-curing conditions and 
three types of admixtures. The ad- 
mixtures were dissolved in the mixing 
water at the temperatures previously 
indicated. When admixtures types 1 
and 4 were ground with the cement the 
same reflectivity values were obtained 
for the white concrete as was obtained 
when the admixtures were dissolved in 
the mixing water. For the 7 and 8 gal. 
per sack water-cement ratios the trowled 
surfaces were glazed and shiny. That 
part of the test specimen which was 
cast against the mold was from 8 to 35 
per cent lower in reflectivity than the 
trowled surface, averaging about 20 
per cent lower. The finishing operation 
with the trowel not only evens up or 
smooths out minor roughnesses of tex- 
ture but also causes cement particles to 
rise, producing both a smoother, or more 
reflective, and a whiter surface. 

In most cases the results for reflec- 
tivity of duplicate specimens were in 
close agreement for the trowled surfaces, 
seldom differing by more than 5 per 
cent. The surfaces cast against the 
mold, however, were not so uniform, 
occasionally differing by 15 per cent. 


PORTLAND CEMENT 


Theamount of mixing water is the most 
important factor, aside from the quan- © 
tity and type of sand, which influences 
the reflectivity. For maximum — 


brought to the surface by working and e. 
to secure a smooth, even, trowled sur- | 
face. That the admixtures have not 


give increased reflectivity for the white __ 
sand concretes may be seen from Fig.6. 
Also they have not affected the 5 gal. 
per sack river sand mixes, but have 
slightly increased the reflectivity of the __ 


intermediate water-cement ratio groups ey: 


7 _ 80 

70 

Waterproot Cement, Trowied 

B50bce and Cast Surfaces 

Se ice S Same plus 2 per cent of 

5 6 7 
Water-Cement Ratio, gal. per sack 


Fic. 7.—Reflectivity Curves for Waterproof 
White Cement Using White Send. 


for this type of sand. The selectivity ot 
of the trowled surfaces of room-cured — 
specimens with a water-cement ratio of 
5 gal. per sack and admixture type == 
averaged 65 per cent, approximately 
the same as the specimens mixed with __ 
plain water. 
As may be seen from Fig. 6, moist- _ is a 
cured specimens were from 5 to 15 per mA ie 
cent darker than those cured under room 
conditions. White sand produces 
block from 5 to 20 per cent higher in op 
reflectivity than river sand, 
about 15 per cent “whiter.” From Fig. | 
5 the white and river sand for the 1:2 : 
ratio used in these specimens differ in 


reflectivity by about 17 per cent which 


is 
5 
, of 
aj 
J 
ures 
4 
| shows that the coarse aggregate has 


0 


little effect upon reflectivity. A worn 
or ground surface would undoubtedly 
show a greater difference since the river 
sand particles or coarse aggregate would 
actually be exposed. 

Figure 7 gives reflectivity values for 
room-cured waterproof white cement and 
white sand specimens having water- 
cement ratios of 5, 6, 7, and 8 gal. per 
sack. These specimens are of approxi- 
mately the same whiteness as those ob- 
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however, it is necessary to mix the water 
with the sand and then add the cement 
and coarse aggregate as mentioned pre- 
viously. This latter method has the 
further disadvantage of requiring con- 
siderable time for complete mixing. 

A few specimens were prepared from 
ordinary gray portland cement, river 
sand, with a water-cement ratio of 8 gal. 
per sack. Just before final set took 
place, the surface was sprinkled with 


tained with the “oe white cement. It standard white cement. The quantity 


70 


®@ Sprinkled Surface 

C Dispersing Agent Type 4 
4 Waterproof Cement — 
All with W/C Ratio = 8 gal 


White Sand -Trowled Surface 
@ Standard White Cement 


per sack 


and River Sand 


10 


20 40 60 


80 100 
Exposure Time, days 


Fic. 8.—Loss in Reflectivity for Various Periods of Atmospheric Exposure. Ses mg te 
Waterproof cement and standard white cement with river sand were exposed in winter. 


120 140 


> 


Other specimens exposed in summer. 


will be noticed, however, that the 
trowled and ‘‘as cast’’ surfaces are al- 
most the same, which was not the condi- 
tion encountered with the plain white 
cement specimens. The 2 per cent of 
admixture type 3 did not increase the 
reflectivity, but it did permit the water- 
proof cement to combine readily with the 
mixing water. Concretes using this 
type of cement may be mixed in the usual 
way if the admixture is added to the 
mixing water. Without the admixture, 


applied in this manner was equivalent 
to 1 lb. per sq. yd. The surface re- 
flectivity of the specimens prepared in 
this way was 78 per cent. This method 
would be satisfactory only for archi- 
tectural purposes and then only under 


mild exposure conditions, as will be 
pointed out. 


Effect of Wetting on Reflectivity: oe 


All of the white concretes tested 
showed loss in reflectivity due to wetting. 
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Specimens were placed in clean tap concrete, while the waterproof cement 
water at room temperature for 10 min. with white sand is somewhat whiter. 
and then removed until they were surface The specimen with the sprinkled surface 
dry. Some representative values, be- was badly surface-crazed after 150 
fore and after wetting, for 8 gal. persack summer days of exposure. When the 


mixes follow: specimens were cleaned with a mild 
soa wder the reflectivit in- 
Reflectivity, per cent P th 
Abe of Before yifter creased in most cases, as may be seen 
y etting Jetting 
from Table I. The admixtures were of 
white sand....:.......... 72 little benefit in reducing the loss in re- 
Same plus admixture type1.. 75 
type. 76 flectivity but seemed to give a surface 
Waterproof cement and white that responded better to cleaning. The i: 
Same plus 2 per cent of admix- 
70 mixtures, showed the least reduction 
TABLE I.WHITE CONCRETE SUBJECTED TO ATMOSPHERIC EXPOSURE. a 


Water-cement ratio of 8 gal. per sack with white sand. Trowled surfaces. Each value represents the average of two Pel y 


specimens. 


| Reflectivity, per cent 
Exposure Loss in Re- 
Specimen type Period, | | After | flectivity,, 
days* | Final | Clean- | P* cent” | per cent 
ing 
| 
Standard white 1508 72 24 24 67 0 © 
Same plus admixture type 1....................05 150 S 75 21 31 72 13 ; 
Same plus admixture type 1....................... 100 W 75 20 34 73 19 
Same plus admixture type 4................ : 150 S 74 22 40 70 24 
Same but using river sand (no admixture) p 100 W 62 22 22 65 0 
Same plus admixture type 4 and river sand. . 100 W 74 17 20 77 4 
Standard waterproof cement....... 36 56 7 
Same plus 2 per cent of admixture type 3............ 85 W on 38 51 4 cata 
@ S indicates summer and W indicates winter exposure. ee: 
Expressed as a percentage oi the original reflectivity. ag os ti 


The waterproof cement with or without during exposure but did not respond to i : 
an admixture is affected the least by surface cleaning so well as the standard 5 2 

wetting. The concentration of admix- white cement with some of the admix- — ois) 


ture used has not reduced the repellent tures. It appears that all types hoe 

action of the calcium stearate. of white concrete subjected to atmos-  — 

pheric exposure might reduce to the 

Effect of Atmospheric Exposure on Re- same reflectivity over long periods of ae 
flectivity: time. 

The effect of atmospheric exposure Effect of Freezing and Thawing on Re- a 

upon reflectivity for 150 summer days flectivity: ¥ 


and 100 winter days is shown in Fig. 8. White concrete specimens were sub- ae ; 
These and other test results are sum- jected to two types of freezing and thaw- 

marized in Table I. Limits for re- ing. In a mild form this consisted in 
flectivity, as shown by Fig. 8, indicate subjecting the specimens to a tempera- 
that, when subjected to atmospheric ture of 30 F. for 12 hr. and then raising 
exposure, the standard white cement this temperature to about 40 F. for 12 hr. 
using river sand gives the “darkest”? A more severe condition was obtained 
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by siulitactions the blocks to a tempera- the trowled and cast surfaces were st 
ture of 20 F. for 12 hr. and then spraying about the same for the 8 gal. per sack wi 
them with tap water at 120 F. until mixes. 

they were surface warm. All of the specimens were sound except wi 
A representative summary of the re- those made of standard white cement = 
sults of freezing-and-thawing tests is with a water-cement ratio of 5 gal. per afi 
included in Table II. The loss in re- sack. These specimens were disinte- » 
flectivity caused by mild freezing and grating badly on the surface after 35 = 
thawing was about the same for all cycles of severe freezing and thawing. = 
specimens and averaged 31 per cent. This mix was very difficult to place, TI 
Severe conditions produced a greater even with a vibrator, and had a porous ™ 
loss as can be seen from Table II. Ad- surface that readily absorbed water. oe 
TABLE II.—WHITE CONCRETE SUBJECTED TO CYCLES OF FREEZING AND THAWING. sil 
Specimens made with white sand. Trowled surfaces. Each value represents the average of two specimens. Tl 
| Reflectivity, 82 
| Water-Cement ae a. per cent Loss in Re- m 

Ratio, gal. flectivity, 
per sack Thee per cent ce 

Final 
=| 2 | 35 
co 
Same plus admixture type 1..................... { oa m 

Same plus 2 per cent of admixture type 3.... > su 
: M indicates mild and s indicates severe freezing and thawing. ~ VY cr 
ay Expressed as a percentage of the original reflectivity. sp 
sa 
mixture type 3 was very effective in Freezing after sprinkling the so pe 
reducing this loss. The losses in re- with water, therefore, was most effective de 
flectivity for the ‘‘as-cast” surfaces are for these specimens. Because of the os 
not given in Table II but were approxi- tighter original surface the specimens 7. 
mately the same as the trowled surfaces with a water-cement ratio of 7 gal. per wi 


for all mixes except those with a water- 
cement ratio of 8 gal. per sack. Moist- 
cured specimens decreased in reflectivity 
about the same as those cured under 
room conditions. The mix with the 8 
gal. per sack water-cement ratio lost its 
glazed trowled surface when subjected 
to severe freezing and thawing which 
accounts for a greater loss in reflectivity 
than in the case of the “as-cast” sur- 
faces. At the conclusion of the tests 


sack were not so badly disintegrated on 
the surface as the 5 gal. per sack speci- 
mens and did not decrease so much in 
reflectivity. The waterproof white ce- 
ment has been reduced in reflectivity 
almost as much as the standard white. 


SUMMARY AND CONCLUSIONS 


The data presented in this paper seem 
to justify the following conclusions for 


— 


standard white cement and waterproof 
white cement: 

1. The maximum reflectivity of neat 
white cement and of white concrete is 


9 reached in 15 days and is not appreciably 
per affected by admixtures in the form of dis- 
ta persing agents, grinding aids, penetrants, 
35 or wetting agents whether added to the 
ing. mixing water or ground with the cement. 
ace, T he admixtures may be helpful, however, 
ie in increasing the workability of the low 
aon water-cement ratio concrete mixes and 

increasing the strength of standard ten- 

sile briquets or 2-in. compression cubes. 
| The reflectivity of neat white cement is 
a 82 per cent and the average for concrete 
Re- mixes made with white sand is 72 per 


cent. 

2. As the water-cement ratio is in- 
creased, the reflectivity of white cement 
concretes is increased, reaching a maxi- 
mum between 7 and 8 gal. per sack. 
This is due to the better workability of 
these mixes which permits the particles 
of white cement to rise to the surface 
and which also produces a smoother 
surface. 

3. Clean, sound coarse aggregate has 
no effect on the reflectivity of white con- 
crete while fine aggregate does. Mortar 
specimens made with four parts of white 
sand will decrease the “whiteness” 12 
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percentage points lower in reflectivity 
than the same mix made with white sand. 

4. White concrete cast against a 
paraffined mold will average 20 per- 
centage points lower in reflectivity than 
a trowel-finished surface, indicating that 
the faces of saw-tooth light-reflecting 
curbs should be finished with a forming 
tool rather than cast to shape. 

5. Moist-cured white concrete will be 
from 5 to 15 percentage points lower in 
reflectivity than room-cured specimens. 

6. Wetting white concrete will de- 
crease its reflectivity an average of 19 
percentage points. Concrete made with 
waterproof type cement is not affected 
in this regard so much as the standard 
type. 

7. When subjected to atmospheric ex- 
posure, white concrete may lose as much 
as 77 per cent of its original reflectivity. 
Subsequent cleaning with a mild soap 
solution may raise the reflectivity as 
much as 24 per cent or it may not be 
effective in recovering any of the original 
“whiteness.” It appears that all 


types of the white concrete tested might — 


reduce to the same reflectivity after long 
periods of atmospheric exposure. 

8. Severe cycles of freezing and thaw- 
ing may reduce the reflectivity of white 
concrete as much as 41 per cent. 


9. Wetting agents added in _ the 


amount of 1 or 2 per cent by weight will — 


overcome the difficulty of mixing water- 
proof type white cement without affect- 
ing the properties. 


1 


face percentage points and river sand will 
tive decrease it 42 percentage points for the 
the same proportions. White concrete hav- 
none ing a 1:2:3 mix by volume when made 
, per with river sand will be an average of 17 
d on 
peci- 
in 
> ce- 
ivity 
seem 
s for 
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ot W. G. Bowman.'—I recently had 
occasion to see some bomber plant floors 
made of white cement and to discuss the 
question of their efficiency with some of 
the people in responsible charge. 

Careful lighting tests made at the 
time the floors were built showed 36.5 foot 
candles on a horizontal plane and about 
20 on a vertical plane, the latter being 
the more significant since it takes into 
account some of the reflectivity of the 
floor itself. Now after nine months 
use, the reflectivity on the vertical plane 
is reduced about 25 per cent. 


1 Editor, Engineering News-Record, New York, N. Y. 


weg 


DISCUSSION 


In this same plant there are also gray ; 
cement floors. At the time they were 
built they showed about 16 foot candles 
on the vertical plane as compared with 
20 for the white cement floors. In nine 
months the gray cement floors were down 
to 8 foot candles. Thus the gray cement 
floors lost 50 per cent and the white 
cement floors 25 per cent in nine months. 

Although the white cement floor cost 
about 5 cents a square foot more than 
the gray, the owners seem satisfied, 
claiming that they have saved the dif- 
ference in their light bills. ee 
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DURABILITY OF THE RESULTING CONCRETE 
vith The chief purpose of the investigation herein reported was to determine the 
—_ extent to which the results of the soundness test of aggregate by the freezing- 
, and-thawing method may be relied upon as a criterion of the durability of the 
resulting concrete. 
rent Fourteen aggregates of very radically different physical and chemical prop- 
hite erties were used in the construction of 2 by 2 by 11.4-in. concrete beams. Rep- ke is te 
ths. resentative samples of each were tested for soundness by freezing and thawing. Dis ale ai 
cost The beams were subjected to freezing and thawing, the dynamic modulus of Ra ies 
han elasticity being used as an index of progressive deterioration. Theresultsare = 
fed compared with field service records where available. 
Pry From time to time specimens were removed from the freezing-and-thawing ait ae 
dif- series and tested in flexure and as modified cubes. The results of these tests are _ Vth 5} i Py 
compared with the dynamic test results. ++ tr aca 
Data are presented that indicate: 
1. There is no dependable correlation between results of the soundness test = 
upon aggregate, per se, and the durability of the resulting concrete. r wt 
2. Thermal shock may be a much more important factor in laboratory tests 


than is generally recognized. 

3. Durability tests should be made on concrete mixed in the proportions to 
be used in the field. 1 
4. Field service records should be given greater weight than laboratory tests 
in acceptance or rejection of aggregates. 

5. In all but one of the concretes investigated, the dynamic modulus of elas- 


was not a straight-line function. 


The search for a laboratory test that mended for their adaptability to labora- 
will make possible the accurate predic- tory equipment and convenience than 
tion of the durability of concrete made for their value as criteria of permanence 
from any chosen aggregate has produced of structures. Too much attention has 


some of which are more to be recom- in obtaining test results and too little 
to the reliability of the results. 


nat Research Assistant, Department jof Applied Me- Recently published reports of inves- 
chanics, Kansas State Co icult a 
Science, Manhattan, Kans. suture and Applied tigations in this field show that 


‘ 


ticity correlated very closely with the modulus of rupture, although the ratio =—«_— tes 


6. Compressive strength is not a reliable index en deterioration in concretes — en wh hi 


of the type used in this investigation. 


a considerable variety of procedures, been devoted to the search for speed 


1 
| 
| 
| 
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is a general dissatisfaction with present 


aggregate is not so clearly established 
because of the many overlapping and 
sometimes conflicting factors involved. 
Of all the soundness tests for aggregates 
now in use, that by actual freezing and 
thawing seems most closely to simulate 
natural weathering conditions, but even 
this test departs very widely ivoms the 
processes of nature. 


OUTLINE OF TESTS 


ore planning this investigation, every 
practicable means was adopted to elimi- 


nate all variables except those resulting 
from the varying characteristics of the 
aggregates. Because of the intricate 
interrelations of the different characteris- 
tics of concrete, it was found to be 


impossible to standardize all factors 


4 
_ procedures and that there is ample simultaneously. 
cause for this dissatisfaction. Dura- All mineral aggregates were screened 
4. bility is perhaps the most important and recombined in a sieve ratio of 0.75; 
Po property of concrete. One of the great- that is, for all sizes below the chosen 
7 est needs in the field of concrete engineer- maximum, the quantity of material 
“h > ing, therefore, is for some dependable retained on each sieve of the Standard 
means of predicting the durability of | Gradation Series (including the No. 200 
€oncrete of given proportions and ma- sieve and the pan) was 75 per cent of that 
{: 4 terials when exposed to natural weath- retained on the next coarser sieve. With 
ss Ting. 100 per cent passing the 0.5-in. sieve, 
a The influence of the water-cement this gives a gradation factor of 4.76. 
ratio on the durability of the cement- (See Table I.) 
be water paste has been quite satisfactorily A water-cement ratio of 0.7 by volume 
a9 worked out, but the influence of the was adopted to insure a paste of maxi- 
o.oo aa mum durability, it being desired to 
mer = ‘coterie fia produce a concrete in which the aggre- 
am i would be the least durable constit- 
Propor- | P 
Because of the widely differing char- 
0 0.0 0.0 isti 
jin acteristics of the aggregates selected, 
“4 heptane 750 20.3 47.3 it was obvious that the use of a uniform 
562 15.2 62.5 
BR ssc ideas 422 11.4 73.9 mix, in all cases, would result in concretes 
ON Saas 237 6.4 88.9 of widely differing consistencies unless 
No. 200.002.0202. 134 3.6 97.3 the quantity of mixing water was 
Raha ie 3699 100.0 adjusted to compensate for the varying 


harshness of the aggregates. 

It was necessary to choose between a 
constant mix and a constant workability. 
The latter was chosen because durability 
of concrete seems to be more directly 
influenced by workability than by mix. 
The quantity of water was varied only 
enough to compensate for the absorption 
of the aggregates. Even this was by no 
means simple or satisfactory. Natural 
rock is anything but homogeneous. No 
two samples will check exactly in absorp- 
tion; the same sample, when redried, 
broken to smaller size, and retested will 
usually show higher apparent absorption 
and density. There is also doubt as to 
whether the absorbed water may not 
leave the aggregate during the setting of 
the concrete and become active in the 
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hydration of the cement. Another ele- 
ment of uncertainty is the part played 
by the surface moisture on the aggre- 
gate. It remains to be proven whether 
this surface moisture, usually about 1 
per cent of the weight of the aggregate, 
should be considered as active mixing 
water. 


AGGREGATES 


Series A—Ledge Flint.—A dark gray, 
rather porous, highly fossiliferous flint 
from the Schroyer limestone in the lower 
Permian. This rock characteristically 
breaks up into small rectangular frag- 
ments on exposure to weathering and 
has never been used commercially. 

Series C—Cottonwood Falls Limestone, 
upper ledge.—A soft, light gray, highly 
absorptive, fossiliferous limestone near 
the base of the Permian system. This 
ledge forms a prominent outcrop in the 
lower levels of the Flint Hills, extending 
entirely across the state of Kansas and is 
characterized by its high resistance to 
weathering. This rock was formerly 
widely used as coarse aggregate and as 
building stone and gives excellent service 
in concrete but shows sloughing and 
spalling when dressed surfaces are ex- 
posed to weathering without good 
drainage. 

Series D—Bala Ser pentine.—A serpen- 
tinized peridotite consisting of serpen- 
tine, calcite, ilmenite, magnetite, phlo- 
gopite, spinel, and possibly other minor 
accessory minerals. This is a small 
dyke, of post-Permian age, outcropping 
near Bala, Kans., never used except 
experimentally. 

Series H—Fort Riley Limestone—A 
massive, light buff, Permian limestone, 
similar to the Cottonwood Falls lime- 
stone but somewhat softer; much used as 
a building stone, with satisfactory result. 


Series J—Florence Limestone.—A soft, 
fossiliferous limestone containing 20 to 
50 per cent of flint nodules; highly re- 
sistant to erosion; occurring immediately 
below the Fort Riley limestone; 
formerly used as aggregate in concrete 
pavements with good results. 

Series K—Three-Mile Limestone (For- 
merly known as the lower beds of the 
Wreford Limestone).—A dense, cherty 
limestone of fairly high strength but 
relatively low resistance to weathering. 
It occurs about 150 ft. above the Cotton- 
wood Falls limestone. It was formerly 
quarried commercially, but is no longer 
used because of unsatisfactory qualities. 

Series M—Castle Rock Chalk.—An 
almost pure chalk from the upper por- 
tion of the Niobrora formation of the 
Cretacious System. It is characterized 
by exceptionally high absorption and 
low resistance to weathering in humid 
regions. Composed almost entirely of 
the microscopic remains of lime-shelled 
Foraminifera, it is occasionally used as 
building stone with good results, where 
not exposed to moisture. 

Series P—Neva Limestone, unsound 
ledge.—aA bluish-gray, soft, shaly lime- 
stone obtained from the waste heaps of 
quarries operating in the Neva; a lime- 
stone found about 35 ft. below the 
Cottonwood Falls Limestone. This 
ledge is regarded as entirely worthless 
and is wasted at the quarry. 

Series S—Ness County Quartzite.—A 
very coarse-grained, hard, dense, hetero- 
geneous rock of Tertiary age, consisting 
of quartz, feldspars, aragonite, and 
amphiboles, cemented with secondary 
silica (opal). In some places it ap- 
proaches conglomerate in texture. It 
possesses extremely high resistance to 
weathering, and has been used on a few 
local construction og of recent date. 
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Series T—Lincoln Sandstone.—A very 
hard, dense, fine-grained sandstone 
(often called quartzite, but lacking some 
of the lithological properties of that 
rock) consisting chiefly of highly angular 
grains of quartz, cemented with calcite, 
and containing numerous small concre- 
tions of pyrite or marcasite. This rock, 
which is in the basal section (Dakota 
sandstone) of the Cretaceous system, 
has been quarried commercially for 
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was used for the same reasons as those 
stated for the use of cork. 

Series GLS—Common  Glass.—Ob- 
tained by crushing bottles and other 
containers was adopted as an aggregate 
to demonstrate the effects of high den- 
sity, elasticity, and thermal conduc- 
tivity. This material was later found to 
be highly reactive with cement. 

Series SG—Kaw River Sand-Gravel.— 
This material, obtained by pumping from 
the bed of the Kaw River, consists 


TABLE II.—PHYSICAL PROPERTIES OF AGGREGATES USED. 


: ~ Abrasion Test, Modulus of Elasticity, E, it | Soundness Test 
Bulk Absorp- Aggre- 
Series Flexure Strength, | Concrete, 
_ Compr psi. oss of | ° 
3 Deval Angeles Weight | at 100 
Meg - Static | Dynamic Cycles, | per cent 
A 2.34 4.6 4.2 16.8 a 4 a a 8.8 41.4 
a 2.21 6.0 7.5 40.5 5.5 5.7 4.5 8 400 1.3 5.9 
*@ 2.40 4.0 4.1 21.9 6.1 4.3 6.1 7600 | 18.2 7.7 
7 a 2.24 5.5 8.6 35.9 4.6 a 4.4 3900 = 0.1 10.5 
2.60 $8 | 11.2 3.1 a 3.6° 5600 | 6.8 29.7 
1.45 29.4 53.1 9.0 | 0.35 0.22 740 | 100.0 100.0 
ae) 2.41 4.3 5.8 52.3 | 5.5 a 1.3 8700 | 32.7 9.5 
pig s 2.36 1.1 6.2 42.9 | 6.0 a 6.5 18000 | 0 41.6 
 . 2.65 0.3 3.9 43.9 | 11.5 e 10.8 6560 | 0.3 15.6 
0.2% | 107.9 a | 000016, a Indefinite | 0 72.3 
MR | 0.88 a a a 0.002¢ a a a i 5.0 
GLS 2.49 0 10.5 9.8 29.3 


Determination impracticable. 

> Determined from limestone specimen. 

© Tensile modulus, pure latex, — to L. S. Marks, ‘ 
Book Co., Inc., New York, N. ¥. (1930 


many years and possesses an exception- 
ally good service record in concrete of all 
classes except where exposed to acids. 

Series U—Ground Cork, of the type 
commonly used for thermal insulation, 
was adopted as an aggregate to deter- 
mine the influence of exceptionally low 
elasticity and thermal conductivity. 
With this material it was necessary to 
use 34 per cent, by volume, of fine sand 
to supply the lack of the smaller sizes 
of cork. 

Series MR—Mealorub.—An_ experi- 
mental grade of granulated pure latex, 


ate contained approximately 50 per cent flint. 


‘Mechanical Engineering Handbook,” p. 759, McGraw-Hill 


chiefly of quartz and feldspars with flint, 
chert, limestone and several accessory 
minerals present in minor quantities. 
It is extensively used in concrete, both 
as fine and as total aggregate, service 
records showing generally unsatisfactory 
results in the latter case. 

The physical properties of these ma- 
terials are shown in Table II. It will be 
noted that they include the widest ob- 
tainable variations in hardness, absorp- 
tion, density, resistance to abrasion, and 
soundness. 

Soundness of the Raa: was de- 
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termined by the A.S.T.M. Tentative 
Method of Test for Soundness of Aggre- 
gates by Freezing and Thawing 
(C 137 —- 38 T)2 


CEMENT 


The cement used was a brand of 
portland cement in common use through- 
out Kansas. It passed all requirements 
of the A.S.T.M. Standard Specifications 
for Portland Cement (C 150-41)* for 
type I cement. A quantity sufficient 
for all specimens to be made for this 
investigation was thoroughly mixed in a 
concrete mixer and stored in covered 
metal containers until used. 

The chemical analysis was as follows: 


Magnesium oxide (MgO), per 

Sodium oxide (Na2O), per cent... 0.26) 
Potassium oxide (K:0), per cent oar Na:O eq. = 0.64 
Sulfur trioxide (SOs), per cent... 1.46 


added in the ratio of 0.7 by volume, and 
mixed to an even-textured slurry. The 
saturated aggregate was then added by 
increments, each increment being mixed 
to a uniform consistency. As the mix 
neared the desired degree of workability 
the increments were made smaller and 
the consistency was tested by means of 
the flow table, using the A.S.T.M. 
Method of Test for Flow of Portland- 
Cement Concrete by Use of the Flow 
Table (C 124-—39)5 The final flow 
table value was held within the limits 
of 95 to 105 per cent except in the case 
of the glass aggregate which, because of 
its extreme angularity, would have re- 
quired an_ excessively 
produce such workability. 
To eliminate variables resulting from 
insufficient manipulation, the minimum 


ignition loss, per cent mixing time was set at 5 min. after the 
addition of the last increment. This 
WATER - resulted in a very uniform concrete, as 


The mixing water used was distilled at 
atmospheric pressure and stored in glass 
containers until used. 


PREPARATION OF SPECIMENS 


A quantity of graded aggregate was 
prepared for each batch, slightly in ex- 
cess of expected requirements. The 
absorption was determined from a repre- 
sentative sample, in accordance with the 
A.S.T.M. Standard Method of Test for 
Specific Gravity and Absorption of 
Course Aggregate (C 127-—39)4 A 
quantity of water was added to the 
aggregate, equal to the determined ab- 
sorption and an additional quantity, 
equal to 1 per cent by weight of the 
aggregate. This was mixed in a metal 
pan, covered to reduce evaporation, and 
allowed to stand for 1 hr. 

The required quantity of cement was 
placed in another metal pan, water was 


2 1939 Book of A.S.T.M. Bs Part II, 


990. 
5 ae Supplement to Book of AS.T.M. tandards, 
Part 


+ 1939 Pasok of A.S.T.M. Standards, Part II, p. 300. 


was later proved by the generally close 
agreement of results from different 
specimens molded from the same batch. — 
Except in the case of Mealorub, only 
a very small quantity of which was avail- 


able, a series of ten beams was molded 


from each of the 14 aggregates in a 
single batch. The molds were of welded 
steel plates, polished on the inside 
surfaces, and resting upon machined, 
cast iron pallets. The dimensions of 
the finished specimens were 2 by 2 by 
11.4 in. 

Molds and pallets were coated with a — 
thin film of mineral grease before filling. © 

Immediately after molding, the speci- 


mens were placed in the moist room and _ 


protected from dripping water for 18 hr. 
The molds were then removed and moist 
storage continued to the age of 28 days. — 


While not perfectly controlled, moist os 


room temperatures were seldom outside __ 
of the range 70 to 75 F. for any appreci- __ 


rich mix to ae, 
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able length of time, and relative humidity 
was almost continuously above 95 per 


cent. 
FREEZING-AND-THAWING TEST 


At the age of 28 days the specimens 
were divided into two lots, one lot being 
held in moist room storage, the other 
subjected to freezing and thawing by the 
rapid change method, substantially as 
described in A.S.T.M. Method C 137, 
freezing to approximately —10F. and 
thawing by placing in water at 80F. 
The specimens were returned to the 
refrigerator after about 30 min. in the 
water. Usually four cycles per day were 
obtained, the specimens remaining in the 
frozen state over nights and holidays. 

The dynamic modulus of elasticity was 
determined at intervals of about one 
week on both the moist room and the 
soundness test specimens. From time 
to time (usually at intervals of 100 
cycles) beams were taken from both lots 
and tested in flexure and as modified 
cubes. 


Test DATA 


The test results are presented in the 
form of graphs, Figs. 1 to 16. 

Figures 1 and 2 include data from 
several series of similar beams that 
received identical treatment with those 
reported in full, but did not give results 
of sufficient importance to merit space 
in the text of this paper. 

Figure 1 shows the relation of com- 
pressive strength to modulus of elas- 
ticity. The correlation is obviously 
poor. Examination of broken beams 
showed that in most cases the cement 
paste was in almost perfect condition, 
the deterioration having been chiefly in 
bond or in the aggregate. When con- 
crete of this nature is subjected to 

*W..T. Thomson, “‘Measuring Changes in Physical 


Properties of Concrete by the Dynamic Method,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 40, p. 1113 (1940), 


compression, the damaged aggregate is 


keyed together in the matrix of cement 
paste and the compressive strength is 
comparatively high. 

In several cases, beams had so far 
deteriorated that they could be easily _ 
broken to bits with the bare hands, yet — 
they showed compressive strength above 
3000 psi. 

The modulus of rupture, as shown in 


Fig. 2, shows much better fees: il 


with modulus of elasticity. The reduc- 
tion in tensile strength resulting from ~ 
damage to bond or from deterioration of 


but different aggregates different 
ratios of change in modulii. 
For an investigation such as the one 


herein reported, the dynamic modulus of © c 


elasticity is almost ideal as an index of | 
deterioration, since the same specimen _ 
may be tested any number of times under 
a great variety of conditions and its 
progressive changes definitely recorded 
without damage to the specimen. 

Figures 3 to 16 show the change in 
dynamic modulus of elasticity for each 
of the 14 aggregates tested. 

Ledge flint, series A, Fig. 3, concrete 
failed in bond and by splitting of aggre- 
gate particles, the fragments being hard, 
sharp, and apparently sound, the fail- 
ure being of the same nature as when 
the stone is tested per se. 

Cottonwood Falls limestone, series C, 
Fig. 4. Samples of freshly quarried 
rock from this ledge usually fail in 
soundness. Weathered samples, such 
as were used in this series are quite 
uniformly sound. This series showed 
the least damage of any mineral aggre- 
gate included in this investigation. 
Pavements and structures in which this 
rock was used as coarse aggregate are in 
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es A. 
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excellent condition after 25 to 40 yr. 
service. 

Bala serpentine, series D, Fig. 5, fails 
quickly in the soundness test as ordi- 
narily performed, the rock splitting up 
into granules that seem to be governed 


thermal stresses induced by rapid rise 
in temperature. In concrete, this 
proved to be the second best rock tested 
when rated according to percentage loss 
of elasticity. Experimental concrete 


from this rock, when exposed to the 
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in size and shape by the forms of the 
original crystals. However, when al- 
lowed to thaw in air at room tempera- 
ture, the remainder of the cycle 
remaining unchanged, freezing and thaw- 
ing have almost negligible effect. Ap- 
parently the damage results from the 


severest possible natural exposure, has 
shown no damage whatever in 2 yr. 
Fort Riley limestone, series H, Fig. 6, 
has given uniformly satisfactory service 
in concrete and as building stone and 
withstands the soundness test with 
slight damage either in concrete or per se. 
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Florence limestone, series J, Fig. 7, has 
been condemned as unfit for use by the 
Materials Dept. of the Kansas State 
Highway Commission on the basis of 


Concrete pavement containing this rock 
as coarse aggregate has given 27 yr. of 
satisfactory service under highly un- 
favorable circumstances. 
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laboratory tests. It fails by splitting 
of flint nodules but (like the Bala 
serpentine) shows relatively slight dam- 
age if allowed to thaw in air. Damage 


seems to be chiefly from thermal shock. 


Three-mile limestone, series K, Fig. 8, 
has never been extensively used in con- 
struction, and field service records are 
scattering and indefinite but seem to 


indicate unsatisfactory performance. 
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Samples from this ledge have been re- 
ported as acceptable by the Materials 
Testing Laboratory of the Kansas State 
Highway Commission. The loss in 


Castle rock chalk, series M, Fig. 9, is 
known to be highly susceptible to attack 
by moisture. When not more than 50 
per cent saturated it endures freezing and 
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weight at 25 cycles was 1.9 per cent, 
placing this rock definitely in the satis- 
factory class, yet its concrete showed 


32.7 per cent loss at 100 cycles and ee 


letely at 200 les. 
completely a cyc 


thawing with slight damage, but when 
saturated it disintegrates with consider- 
able expansion within ten cycles. Test 
cylinders of identical composition with 
the beams of this series have withstood 
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2 yr. exposure to weathering with no 
visible damage when protected from 
ground moisture, but disintegrated with- 
in 3 months when placed in shallow water 
during winter weather. 
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ing. 


given satisfactory service for as long as 
35 yr. when the mortar coating remained 
unbroken, but it failed completely within 
5 yr. when directly exposed to weather- 
When the stone was tested per se 
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striking manner, the importance of the 
cement paste as a protective covering. 
it has 


in rich concretes 
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it ranked ninth of the ten rocks investi- 


gated, yet its concrete ranks third. 


Where used in lean mixes this rock makes 
a concrete of very low durability. 
Ness County ae series S, Fig. 11, 
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is notable for its extreme resistance to 
natural weathering as well as to labora- 
tory tests. At 100 cycles it has shown 
no damage whatever, yet at 100 cycles 
its concrete had lost 41.6 per cent in 
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799 
may have contributed to this deteriora- 
tion, although the fact that the moist 
room control specimens showed a con- 


sistent increase in elasticity up to the. 
end of the period of observation seems. 
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elasticity, and at 300 cycles more than 9 
per cent. 


strength remaining above 3500 psi. 


Failure was in bond, neither 
the paste nor the aggregate showing any 
signs of damage and the compressive 
It 


) to throw some doubt on that explana- 
tion. Stanton has shown’ that opal 


may, under some conditions, become a 


is possible that some chemical reaction 
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11, 3, January, 1942, pp. 209-236. 


reactive constituent in concrete and the 
cementing material of this rock is almost 
entirely opal and constitutes perhaps 25 
per cent of the substance of the rock. 
Lincoln sandstone, series T, Fig. 12, has 
been tested up to 500 cycles, per se, with 
negligible loss in weight. Its concrete 
shows a loss of 10 to 15 per cent in 
elasticity within the first 15 cycles of 
freezing and thawing, after which practi- 
cally no further loss occurs. No rational 
explanation has yet been found for these 
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pared with the performance of sample 
cores from State Highway pavements, 
many of which fail completely within 
the same number of identical cycles. 
At about 200 cycles the cork had 
decomposed to an earthy humus of 
considerably reduced volume. Water 
collected in the resulting voids, and 
failure appeared to be due to disruptive 
action of ice. 

Mealorub, series M R, Fig. 14, possesses 
properties very similar to those of cork 


characteristics. Pavements and struc- 
tures in which this sandstone has been 
used as coarse aggregate have demon- 
strated exceptionally high resistance to 
natural weathering over periods of many 
years. 

Ground cork, series U, Fig. 13, as was 
expected, gave a concrete of low strength 
and very low elasticity but showed 
surprisingly high resistance to freezing. 
At 100 cycles no serious damage had been 
suffered. To appreciate fully the sig- 
nificance of this record, it may be com- 
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and gave similar but even more striking 
results. Its resistance to freezing and 
thawing is extraordinary. The test was 
continued beyond the limits shown in 
the graph and at 766 cycles the value of 
E was 42.2 per cent of the 28-day value, 
and, except for slight sloughing of the 
surface, the specimen had shown no 
visible signs of damage. Rapid de- 
terioration became evident at about 800 
cycles with almost complete failure at 
990 


Common glass, series GLS, Fig. 15, 
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proved to be so highly reactive that in 
150 days the moist-room specimens had 
lost 30 per cent of their 28-day elasticity, 
and the soundness test specimens in the 
same time, 400 cycles, had lost 70 per 
cent. The failure was in bond, accom- 
panied by softening and expansion of 
the cement paste; the aggregate showed 
no indication of any damage whatever. 
It has been observed that where glass 
has been accidentally included in field 


proximately 50 per cent of the elasticity — 


value of the moist room controls. 
Complete failure came before 400 cycles. 

This sand-gravel is known to be re- © 
active when used as total aggregate but 
gives completely satisfactory results 
when used with limestone coarse aggre- _ 
gate. The reactive mineral constituent _ 
has not yet been positively identified but __ 
data to date seem to indicate the soda- 
lime feldspars that are present in 
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concrete there is a tendency to develop 
“‘pop-outs” that include the glass frag- 
ments. This has sometimes been ex- 
plained as being the result of the high 
elasticity, brittleness, poor bond, and 
high thermal expansion of glass. The 
results obtained in this investigation 
indicate chemical reaction as the prob- 
able cause. 

Kaw River sand-gravel, series SG, Fig. 
16, gave results in harmony with its 
usual performance in field construction. 
Deterioration was immediate and rapid 
and at 100 cycles amounted to ap- 


ey 


considerable percentages in the sizes 
between the 0.5-in. and No. 8 sieves. 


INFLUENCE OF THERMAL SHOCK 


Investigation of the influence of the 
thermal properties of aggregates has not 
progressed far enough to warrant any 
final conclusions, but a number of ob- 
served facts indicate the need for exten- 
sive research in that field. 

Pickett® has demonstrated that it is 
possible to secure temperature stresses as 
~~ 6G. Pickett “The Effect of Biot’s Modulus on Tran- 


sient Thermal Stresses in Concrete Cylinders,” Proceed- 
ings, Am. Soc. Testing Mats., Vol. 39, p. 913 (1939). 
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ies Because of the relative newness of 
laboratory tests for soundness, there is 
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great as 2600 psi. in a 3 by 6-in. cylindri- 
cal specimen during the thawing phase 
of the soundness cycle as ordinarily 
conducted. In the case of angular 
projections, such as are ordinarily found 
on aggregate samples, these stresses may 
be greatly increased. 

Preliminary tests have shown that 
thawing in air at room temperatures 
reduces the damage to some rocks by 
more than 50 per cent. Concrete speci- 
mens show corresponding results. In 
this connection it is important to keep in 
mind that natural temperature changes 
rarely exceed 10 F. per hour, while the 
laboratory procedure gives changes as 
great as 100 F. in less than 1 min. on the 
surface of the specimen. 

The work of Thomson® and Nothstine!® 
shows that the thermal homogeneity of 
the concrete is a factor of considerable 
importance in the determination of 
soundness. In general it was found 
that the greater the difference in thermal 
diffusivity between the aggregate and 
the cement paste, the more liable is the 
concrete to damage by temperature 
change. 

There is no evidence that thermal 
shock is a factor of any importance in 
the weathering of concrete in ordinary 
structures; therefore any laboratory pro- 
cedure in which very rapid temperature 
changes are employed is subject to the 
suspicion that its results are not a 
dependable criterion of durability under 
natural weathering. 

In this investigation, the aggregates 
that gave results showing the worst 
correlation with field results were those 
that are most affected by thermal shock. 
Further investigation along these lines 
is in progress with prospects of highly 
significant results. 


FIELD SERVICE RECORDS 
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as yet a great lack of comparative data 
on field exposure of concretes made from 
tested materials. 

In this investigation examination was 
made of any pavements and structures 
known to have been constructed of the 
materials under study. In addition to 
this, the author has had more than 30 
yr. experience with the use of some of 
these materials and observation of their 
performance under field service condi- 
tions. A great mass of information has 
thus been accumulated that cannot be 
included in a report of this nature be- 
cause of space limitations. Conclusions 
3 and 4 are based largely upon such field 
observations and are open to the objec- 
tion that they are personal opinions. 
They are defended upon the ground that 
a quarter of a century of exposure to 
natural weathering is a more reliable test 
of the durability of any given material 
than is any accelerated laboratory test. 


GENERAL DISCUSSION OF RESULTS 


The behavior of these specimens under 
test calls attention to the well-known but 
often neglected fact that the properties 
of concrete depend less upon the intrinsic 
properties of the constituent materials 
than upon their mutual interrelations. 
This is most strikingly illustrated by 
series D and S. In the one case a rock 
that definitely fails to meet ordinary 
soundness specifications for aggregate 
forms a concrete that ranks far above 
the average in soundness. In the other 
case, a rock that resisted 200 cycles of 
freezing and thawing, with no indication 
whatever of any form of deterioration, 
formed a concrete that proved to be far 
below average in resistance to the same 
test. Too little is known of the nature 


*W. T. Thomson, “‘A Method of Measuring Thermal 
Diffusivity and Conductivity of Stone and Concrete,’ 
Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 1073 
1940 
V. Nothstine, “Thermal! Diffusivity and Modulus 
of Elasticity in Relation to the Durability of Concrete.” 
Unpublished thesis, Kansas State College (1940) 
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of the changes taking place in concrete 
under weathering conditions to justify 
positive assertions as to the factors 
affecting durability, but it is highly 
significant that, in every case, rocks that 
have shown a high degree of resistance to 
natural weathering in concrete pave- 
ments and structures also show high 
resistance to laboratory freezing and 
thawing when tested in concrete speci- 
mens, but that no such agreement exists 
between field observations and labora- 
tory tests of the aggregate, per se. 


CONCLUSIONS 


On the basis of data obtained in this 
investigation, and of results reported by 
previous investigators, the following 
conclusions are offered: 

1. For materials of the types included 
in these tests, there is no dependable 
correlation between results of the sound- 
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ness test upon aggregates, per se, and the 
durability of the resulting concrete. 

2. Thermal shock may be a much more 
important factor in laboratory tests than 
is generally recognized, and is a subject 
requiring further investigation. 

3. Durability tests should be made on 
concrete mixed in the proportions to be 
used in the field.” 

4. Field service records should be 
given greater weight than laboratory 
tests in acceptance or rejection of 
aggregates. 

5. In all but one of the concretes in- 
vestigated, the dynamic modulus of 
elasticity correlates very closely with the 
modulus of rupture, although the ratio is 
not exactly a straight-line function. 

6. Compressive strength is not a re- 
liable index of deterioration in concretes 
of the type used in this investigation. 


uC. H. Scholer, “The ) ( 
Bulletin No. 31, Engineering Experiment Station 


Durability of Concrete,” 
(1931). 
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Mr. A. T. Go_pBeck.'—I seem to 
agree to some extent with what Mr. 
Munger has stated. We have been 
making various kinds of accelerated 
soundness tests on aggregates for a great 
many years and we have discovered in a 
number of cases that the accelerated 
soundness test does not always agree 
with service. Sometimes it will reject 
a perfectly good aggregate and some- 
times it does not determine whether that 
aggregate is unsound when it actually is 
unsound in concrete. 

I rather like the idea of determining 
the soundness of aggregate by determina- 
tion of the soundness of the concrete 
itself. I think there are a number of 
matters which make for unsoundness in 
concrete which are connected with the 
aggregate but which at the same time 
are not determined by the soundness 
of the aggregate. 

The question of bond has something 
to do with it. We have made some tests 
in connection with the shape of the 
roughness, if you want to call it that. 
Some aggregates have a particular type 
of fracture, a concoidal fracture, and 
when expansion and contraction take 
place in the mortar there is a tendency 
toward wedging action, a tendency to 
loosen the bond. Other aggregates have 
a rather precipitous fracture, a series 
of vertical faces so that when expansion 
and contraction of the mortar takes 
place, that expansion does not loosen 
the bond; the mortar simply expands or 
contracts against the vertical faces. All 


1 Engineering Director, National 


Crushed Stone 
Assn., Inc., Washington, 


those things have to do with the ques- 
tion of soundness. of concrete as influ- 
enced by the aggregate. 

I think this matter of coefficient of 
thermal expansion is important too. 
Do not ask me whether an aggregate 
having a high coefficient of thermal 
expansion as compared with one of low 
thermal expansion is best. I do not 
know. There are some indications that 
a low thermal expansion has caused 
trouble at times, but on the other hand 
there are some indications that a low 
thermal coefficient of expansion may 
result in less cracking, of concrete roads, 
in particular. So there are a lot of 
things to find out. This is simply a 
start. 

There is a joint research project in 
connection with the durability of con- 
crete under way of which Mr. Scholer 
is chairman. We hope that project 
will look into the fundamental things in 
connection with durability. There area 
lot of fundamental things—for instance, 
the question of what happens to water 
when it is in the pores of concrete or in 
the pores of the aggregate. Water does 
not freeze quite so readily when it is 
confined in these finely divided pores. 

Mr. Frep C. Lanc.2—Our experience 
a few years ago with deleterious materials 
in a gravel pit may be of interest. The 
specification under which the contract 
was awarded stated that there should 
not be over a certain percentage of shale 
or other material having similar char- 
acteristics. 


2 Engineer, Materials and Research, Highwa: Depart- 
ment Laboratory, Minnesota Highway Dept., University 
of Minnesota, inneapolis, Minn. 
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In order to determine whether the 
other materials had similar characteris- 
tics, we made small concrete beams in 
which the coarse aggregate consisted 
entirely of one suspected type of deleteri- 
ous substance. The concrete beams 
were subjected to freezing-and-thawing 
tests. After the testing was completed 
the contractor was invited to view the 
specimens. It was conclusively demon- 
strated to him that certain substances 
were similar in their characteristics to 
shale. The differences in the concrete- 
making properties of the aggregates did 
not all show up in the tests on the 
aggregates. 

This and other work has made me 
question certain tests on aggregates. 
In general, I think the quality of 
aggregates should be determined by 
testing concrete in which they are used, 
keeping in mind the exposure to which 
the concrete is to be subjected. 

Mr. Nicoraas T. F. STADTFELD.2A— 
The City of New York Board of Water 
Supply is building 85 miles of concrete- 
lined tunnel for the Delaware Aqueduct, 
and naturally that means opening up a 
large number of virgin deposits in order 
to have the aggregates near the place 
where they are to be used. The diffi- 
culty is to write a specification which 
will fit aggregates for that long a stretch. 
Our specifications do not include the 
sodium sulfate test, the magnesium 
sulfate test, or freezing-and-thawing test, 
and, from what I have heard this morn- 
ing, perhaps the omission of the latter 
is just as well. However, we had to 
have certain protections against deleteri- 
ous elements; against shale in fine aggre- 
gate we devised a boiling test whereby a 
100-g. sample is run through a standard 
set of sand sieves, collected and boiled 
in 500 ml. of water for 2 hr.; it is then 


3 Division Engineer, New York City, Board of Water 
Supply, New York, N. Y. 


DISCUSSION ON INFLUENCE OF AGGREGATE DURABILITY 


rerun through the same sieves; it was 
found that if any fresh shale is present in 
that sand the boiling test will break it 
down and increase the number of fines. 
That is one point of interest. 

Another point of interest relates to 
coarse aggregate. On the north bank 
of Rondout Creek near Lackawack, 
N. Y., a deposit was found which yielded 
hard siliceous boulders and _ gravel. 
This was developed by one of our con- 
tractors. On the basis of his experience 
another contractor set up an elaborate 
fine and coarse aggregate production 
plant on the south bank but the crushed 
boulders and gravel encountered there 
were of a much more friable nature. As 
a first precaution all grits between the 
2 and }-in. sieves were removed. Al- 
though excellent strengths were obtained 
in concrete cylinders, there was still 
some doubt as to the durability of this 
rather soft sand-stone aggregate. In 
talking this over with Mr. Walker he 
suggested the making of thin sections 
and microscopic examination of the 
cementitious material between the grains. 
This was done, and as a siliceous and not 
an argillaceous matrix was found to be 
present, considerable worry was lifted 
from my mind. A service record of 
3 yr. indicates that the aggregate is 
doing well. 

There is one more point in our specifi- 
cations which I should mention, and 
that is that they differ somewhat from 
other specifications in regard to the sand 
grading required. We allow no more 
than 3 per cent passing the No. 100 sieve, 
which is contrary to the tendency today. 
We realize that it is. 
considered that in these virgin deposits 
it is not known just how the very fine 
particles will react. There are some 
clays that are very detrimental and there 
are other clays that are helpful to con- 
crete; and there often is not time to find 
out which type is present, so that in 
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setting up specifications for an 85-mile 
stretch we decided that by holding the 
fines down to 3 per cent passing the No. 
100 sieve we could minimize trouble from 
excessively fine material coating the 
sand grains. Since permanence in our 
work is of paramount importance, much 
of it being well-nigh inaccessible and 
difficult to repair afterwards, the extra 
cost of a higher cement content to take 
care of the lack of fines in the sand 
seems well justified. 

Mr. H. S. Matrimore.*—The subject 
of concrete and aggregate durability is 
a very important subject, so important 
that a word of caution should be given 
when considering the author’s conclusion 
that no laboratory test could be used to 
predict the action of the material. So 
far as this individual research is con- 
cerned this may be so, but certainly we 
should not leave the impression that a 
material must be tried in service before a 
decision can be made relative to its 
durability. 

Many papers have been given on 
aggregate soundness before this and 
other national technical societies. Some 
of these have shown direct relation be- 
tween laboratory and service tests. 

This leads to another thought regard- 
ing the testing of materials in general, 
especially natural materials like sand, 
stone and gravel. Some knowledge of 
sources is essential to interpret tests on 
small samples submitted. I refer to the 
degree which the sample is representa- 
tive of the supply, the possibilities of 
change of materials in source during 
operation, and methods of production, 
etc. In other words, no laboratory is 
justified in recommending the use of any 
natural material unless it has knowledge 
of the source of supply. In many or- 


ganizations a policy has been established 
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that no tests are conducted on natural 
materials until a full description of the 
source is furnished by employes of the 
organization who will supervise the use 
of the material. 

Tests for soundness are valuable in 
determining the durability of aggregates, 
providing the cause for unsoundness is 
also determined. Illustrating this point, 
consider a soundness test on fine aggre- 
gate of crushed gravel or stone. The 
grains or particles are sound, but are 
weakened by particle shape, that is, 
when crushed into thin splinters. 

Let me say again that papers of this 
kind are extremely valuable but caution 
should be used so that the conclusions 
drawn will definitely state that such 
conclusions are applicable only to the 
materials tested and the conditions 
encountered in service. 

Mr. H. H. Muncer?® (author’s closure, 
by letter).—An investigator may perhaps 
be pardoned for a feeling of apprehension 
when the results of his investigations 
compel him to present a report that runs 
directly contrary to generally accepted 
standards and procedures. However, in 
this instance the discussions by Mr. 
Goldbeck and Mr. Lang indicate that 
the apprehensions were uncalled: for and 
that the inconsistencies in test results 
that prompted this investigation are not 
confined to Kansas aggregates. 

Mr. Stadtfeldt’s report on the use of 
thin sections is very interesting. We 
are using the same method at Kansas 
State College in identification of mineral 
constituents of aggregates and believe 
that it holds promise of valuable results. 
There seem to be two major difficulties 
to overcome before this method can be of 
general utility. The number of com- 
petent microscopists is very small, and 
we do not yet have a clear understanding 


5 Research Assistant, Department of Applied Me- 
chanics, Kansas State College of Agriculture and Applied 
Science, Manhattan, Kans. 
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of the part played by the various min- 
erals in the deterioration of concrete. 
Perhaps the thin section method itself 
may be the means of overcoming the 
second difficulty. 

Mr. Mattimore’s concern lest labora- 
tory testing be discredited is one with 
which every materials engineer may 
sympathize. If our tests do not give 
us a dependable means of predicting the 
properties of our concrete we are surely 
in a sad state. It seems to the author 
that it is eager that we diligently 
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re-examine our testing procedures and 
attempt to determine what modifications 
are required to enable us to duplicate 
in a few days or weeks the results of 
many years of exposure to natural 
agencies of destruction. When that is ae 
accomplished we shall have removed one | 
of the most serious defects in our present 
methods. Until that is accomplished 
we cannot honestly say that materials 
testing, as applied to concrete, is based _ 
upon scientific 
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POWDERED ALUMINUM AS AN ADMIXTURE TO CONCRETE 


By Roy W. 


Carson! 


SYNOPSIS 


This paper deals with the properties of normal-weight concretes puffed 
almost imperceptibly after mixing by the presence of small amounts of alu- 


minum powder added to the cement or aggregate. 


Concretes containing 


small amounts of the aluminum powder exhibit increased resistance to freez- 
ing and thawing in calcium chloride, improved bond strength to steel, and 


greater flexural strength. 


The compressive strength is decreased for most 


plastic concretes, but may be increased for harsh mixes and for any concrete 
confined so as to restrain the attempted slight expansion. 

The rates of expansion of fresh concretes containing aluminum powder are 
shown to be different for various types of aluminum and for cements of 


various alkali contents. 


When powdered metallic aluminum 
is added to a concrete mix, hydrogen gas 
is liberated within the concrete mass. 
The gas is believed to be the result of a 
reaction between the aluminum and the 
mixing water but the alkaline ions 
naturally present in fresh concrete are 
necessary to promote the reaction. On 
this basis, each gram of aluminum can 
be shown to release 1.35 liters of hy- 
drogen gas at 70 F. and atmospheric 
pressure. The gas evolution begins 
soon after mixing but may continue for 
from one to several hours, depending 
upon such factors as fineness and purity 
of aluminum, alkalinity of cement, etc. 

The familiar use of relatively large 
amounts of aluminum powder for pro- 
ducing light-weight concrete is not dis- 
cussed herein, but only the use of very 
small amounts for improving or modi- 


effects of small additions of aluminum 
was not discovered accidentally, but 
was predicted in 1932 by K. P. Billner, 
who subsequently found that about 0.007 
per cent of aluminum (by weight of 
cement) improved both the compressive 
strength and the bond to reinforcing 
steel. 

When a review was made early in 
1939 of unpublished test results on 
powdered aluminum as an admixture to 
concrete, apparent contradictions were 
found. Some observers had obtained 
fairly consistent increases in compressive 
strength of about 25 per cent from the 
addition of 0.007 per cent of aluminum, 
while others had obtained decreases of 
about half this amount under supposedly 
similar conditions. The present paper 
appears to explain the discrepancies. 
It is based on the results of tests at the 


fying the properties of normal-weight 
concrete. The possibility of beneficial 


Massachusetts Institute of Technology 
on about 1000 specimens of various types 
and sizes. Also reported are the effects 
Big several grades of aluminum powder on 


1 Associate Proiessor of Civil Engineering, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 


4 ot 
stl 
th 

du 
2s fol 
por 
dis 
‘ 
hu 

@ 

| 
de 
ag 

tic 

ne 

‘ 

of 

by 

ste 
int 
pr 

~ pr 

| 

a 
sli 
pr 
} 

ex 
de 
th 

tic 

In 
co 
lee 

Do 

so 

| 

i 


CARLSON ON POWDERED ALUMINUM AS AN ADMIXTURE TO CONCRETE 809 


other properties as well as compressive 
strength. Special attention is given to 
the effects of aluminum powder on 
durability of concrete, bond to rein- 
forcing steel, and flexural strength. 


COMPRESSIVE STRENGTH 


In an attempt to explain the contra- 
dictory results from using powdered 
aluminum as an admixture, several 
hundred concrete cylinders were tested 
for compressive strength. One-half of 
the number contained a small amount of 
aluminum powder, usually 0.007 per 
cent by weight of cement. The inten- 
tion was to explore miscellaneous condi- 
tions to learn where the aluminum might 
be beneficial and where it might be 
detrimental. The several hundred speci- 
mens comprised a variety of cements, 
aggregates, gradations, curing condi- 
tions, pressures, times of placing, fine- 
nesses of aluminum, etc. 

In general, the compressive strength 
of the concrete was affected only slightly 
by the small amount of aluminum pow- 
der. Later tests on bond to reinforcing 
steel, durability, and flexural strength 
indicated that concrete might be im- 
proved greatly without having its com- 
pressive strength raised. Therefore, no 
emphasis is placed on most of the com- 
pression tests. The average strength of 
all specimens containing aluminum was 
slightly higher than that of the controls, 
principally because a number of ab- 
normal concretes containing aluminum 
exhibited unusually high strength. Un- 
der most of the conditions investigated, 
there was an appreciable reduction in 
strength, while under a few other condi- 
tions there was a rather large increase 
in strength. When the concrete mix 
contained crushed aggregate and was 
lean and very harsh, the aluminum 
powder caused increases in. strength 
sometimes exceeding 25 per cent. The 


aluminum increased the strength also 
when the concrete containing aluminum 
was confined so as to prevent free ex- 
pansion and thus produce internal pres- 
sure during setting. The tests were 
not planned to show whether the effect 
of aluminum powder was related to the 
setting time and bleeding characteristics 
of the cement. 

The more beneficial effect of aluminum 
powder on harsher mixes is shown 
clearly in Fig. 1. These curves were 
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Fineness Modulus of Aggregate 


Fic. 1.—Effect of Aluminum Powder on Com- 
pressive Strength of Concrete for Various 
Gradations 


obtained by testing a number of con- 
cretes with progressively coarser aggre- 
gate gradations, but with the consis- 
tency (slump) and the cement content 
held constant. The aggregate was 
crushed dolomite of 3-in. maximum 
size throughout. Beginning with over- 
sanded mixes and proceeding by steps 
toward harsher mixes, the water-cement 
ratio (unaffected by aluminum) was 
reduced by steps to maintain the chosen 
slump. In the range of plastic mixes, 
the compressive strength increased in 
accordance with the reduced water- 
cement ratio, but as the mix tended 
to become very coarse, full benefit of 
the reduced water-cement ratio was no 
longer obtained and strengths were 
lower. Thus, each curve shows a maxi- 
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mum strength for some particular fine- 
ness modulus, or in other words, for 
some particular degree of aggregate 
coarseness. In the concretes contain- 
ing aluminum powder, the maximum 
strength is obtained with consistently 
coarser mixes (higher fineness moduli). 
It is apparent from the curves in Fig. 1 
that if the effect of aluminum powder on 
compressive strength is investigated 
through using good quality, plastic 
mixes, one is likely to find aluminum 
to be detrimental. For harsh, unwork- 
able mixes, on the other hand, the 
aluminum is likely to cause increased 
strength. The curves of Fig. 1 represent 
but one of several similar series of tests, 
all showing higher strength due to 
aluminum in the harsher mixes. 

The benefit from aluminum powder 
only in coarse mixes may appear to have 
little practical value, except when the 
common occurrence of segregation is 
considered. In the segregated concrete 
without aluminum, the sandy portions 
are potentially strong and good, while 
the rocky portions are potentially weak 
and poor. In segregated concrete con- 
taining aluminum powder, it is expected 
that the sandy portions have their other- 
wise high strength reduced somewhat, 
while the rocky portions have their 
otherwise low strength raised markedly. 
The net result should be a considerable 
improvement in uniformity with alumi- 
num. But regardless of what benefit 
aluminum powder can provide, every 
possible effort should be made to avoid 
segregation and to produce uniform 
concrete by natural means. The use of 
any material for no other reason than to 
permit poor workmanship is likely to be 
unsound. 

The increased strength due to alumi- 
num in harsh mixes of concrete may be 
considered merely as an elimination of 
the usual reduced strength of harsh 
In general, harsh mixes without 


mixes. 


CONCRETE 


aluminum develop considerably less 
strength than is predicted from the 
water-cement ratios. It is likely that 
the larger stones in harsh mixes are im- 
perfectly cushioned in mortar, with the 
result that high concentrations of stress 
develop during loading, to cause pre- 
mature failure. The effect of the alu- 
minum may then be to expand the 
mortar slightly during setting and thus 
restore the cushioning of the larger 
stones. In tests for properties other 
than compressive strength (discussed 
below), the benefit from aluminum seems 
to be more directly related to elimination 
of bleeding and water gain, with the 
consequent better bonding of mortar to 
all sides of aggregate particles and to 
reinforcing steel. Although the alumi- 
num powder does not improve com- 
pressive strength except in harsh mixes, 
it may improve other properties even 
in plastic mixes. 

The optimum amount of aluminum 
powder for developing high compressive 
strength in concrete varies from about 
0.003 per cent to 0.010 per cent by 
weight of cement. In plastic and rich 
mixes, reduction in strength is avoided 
only by using small amounts, while in 
harsh and lean mixes, increased strength 
can be obtained with higher percentages. 
In one series of tests on harsh concretes, 
where the mix was 1:6.7 by weight, 
highest strength was obtained with 0.010 
per cent of aluminum, but 0.003 per 
cent produced almost as good strength 
and well above that of the control con- 
crete. It is only for convenience that 
the quantity of aluminum is referred to 
the cement rather than to the volume of 
concrete, because it is usually the amount 
of gas evolution per unit volume of con- 
crete that is important. Therefore, it 
should be recognized that a smaller per- 
centage of aluminum should be used in 
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FLEXURAL STRENGTH 


Flexural strength of concrete appears 
to be more responsive to benefit from 
aluminum powder than is compressive 
strength. Thus far, no large series of 
tests has been made to show the effect 
of optimum amounts of aluminum on 
flexural strength, but a number of ex- 
ploratory comparisons were made and 
all showed increased strength due to the 
addition of about 0.007 per cent of 
aluminum. It was notable that even 
those concretes whose compressive 
strengths were affected adversely by the 
addition of aluminum powder, had their 
flexural strengths improved appreciably, 
often by 10 per cent or more. 


TABLE I.—EFFECT OF ALUMINUM POWDER ON 
FLEXURAL STRENGTH OF CONCRETE BEAMS 
CAST ON END. 


Average Modulus of 
Distinguishing Feature Rupture, psi. 
Aluminum admixture, per 
None | 0.007 | 0.014 
Coarse cement, 1380 sq. cm. 
Fine cement, 1880 sq. cm 


In order to explore the possibility that 
the improvement in flexural strength 
might be due to elimination of water gain 
and consequent better bond between 
paste and aggregate, a number of con- 
crete beams were cast on end. In this 
way, those sides of the aggregate parti- 
cles that were the undersides during 
setting were in the plane of a break when 
the beams were laid down for test. 
Two percentages of aluminum were tried 
with two finenesses of cement. Large 
increases in flexural strength were found 
due to the aluminum with both per- 
centages of aluminum and with both 
cements, as may be seen in Table I. 
The larger amount of aluminum powder 
used (0.014 per cent) was enough to 
cause a decrease in compressive strength 
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of about 20 per cent in similar concretes, 
and yet the flexural strengths were in- 
creased by as much as 9 and 20 per cent 
for the fine and coarse cement, respec- 
tively. The beams were small, only 
2.5 by 2.5 by 10 in., but were made of 
plastic concrete containing natural ag- 
gregates of j-in. maximum size. Four 
beams were tested to obtain each average 
shown in Table I. The data are not 
complete enough to reveal the exact 
optimum percentage of aluminum pow- 
der for flexural strength but the high 
strengths obtained with 0.007 per cent 
indicate that the optimum is in this 
region for the 1:6 mix employed. ; 


DURABILITY OF CONCRETE 


In view of the recent discoveries that 
resistance to freezing and thawing of 
concrete may be improved by air en- 
trained during mixing, tests were made 
to determine the corresponding effect 
of gas voids from aluminum powder. 
For this purpose, somewhat larger 
amounts of aluminum were added so as 
to decrease the weight of the concrete 
from one to several per cent. A very 


finely ground aluminum was compared | 


with a coarser grade, and special cements | 


were made to show the effect of inter- 
grinding the aluminum with clinker. 
Also, some of the finer aluminum powder 
was preground with silica sand for pro- 


moting better dispersion in the concrete _ 


mix. Many other comparisons were 
planned that will become evident from 
the descriptions of the concrete mixes 
in Table II. It may be noted that the 
mixes comprise 3 different cements, 2 
aggregates, 2 finenesses of aluminum, 4 
different amounts of aluminum, and 3 
ways of adding the aluminum. 


The durability tests included three 


types of test on concretes, (a) straight 
freezing and thawing, (6) freezing and 
thawing in calcium chloride solution, 
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and (c) partial immersion in sodium 
sulfate solution. The results of the 
straight freezing-and-thawing tests can 
be reported in the single statement that 
only slight improvement was found due 
to the aluminum admixture. The so- 


The procedure for freezing and thaw- 
ing in calcium chloride was as follows: 
Cylinders of the concretes listed in 
Table IL were first moist cured for 
14 days. They were then alternately 
frozen and thawed once each day for 


TABLE II.—DESCRIPTION OF CONCRETE =e, TO SHOW EFFECTS OF ALUMINUM 


a Aluminum Content, per cent 


Fineness Modulus 
of Combined 


Aggregate 


Fineness of Aluminum 


Hars# Mix, Siriceous SAND AND GRAVEL, Mepium ALKALI CEMENT 


None 

0,007—interground with clinker 
0.014—interground with clinker 
0.028—interground with clinker 
0.014—interground with clinker 
0.014—admixed to concrete 
0.014—admixed to concrete 
0.014—preground with sand 


420 mesh (fine) 
420 mesh (fine) 
420 mesh (fine) 
160 mesh (coarse) 
420 mesh (fine) 
160 mesh (coarse) 
420 mesh (fine) 


Prastic SAND AND GRAVEL, Mepitum ALKALI CEMENT 


None 

0.007—interground with clinker 
0.014—interground with clinker 
0.028—interground with clinker 
0.014—interground with clinker 
0.014—admixed to concrete 
0.014—admixed to concrete 
0.014—preground with sand 


420 mesh (fine) 


420 mesh (fine) 
160 mesh (coarse) 
420 mesh (fine) 


Prastic Mrx, Stticeous SAND AND GRAVEL, Low ALKALI CEMENT 


None 

0.014—interground with clinker 
0.028—interground with clinker 
0.056—interground with clinker 
0.007—admixed to concrete 
0.014—admixed to concrete 


420 mesh (fine) 
420 mesh (fine) 
420 mesh (fine) 
420 mesh (fine) 
420 mesh (fine) 


Prastic Mrx, Stticeous SAND AND Gravel, ALKALI CEMENT 


None 
0.028—interground with clinker 


420 mesh (fine) 


Prastic Mix, Dotomitic AGGREGATE, Low ALKALI CEMENT 


None 

0.014—interground with clinker 
0.007—admixed to concrete 
0.014—admixed to concrete 


420 mesh (fine) 
420 mesh (fine) 
420 mesh (fine) 


Nore.—Mix 1:6 by weight throughout; Wie = 0.54 by weight for all mixes save Nos. 25 to 28 for which W/c = 0.66; 


slump approximately 4 in. throughout. 


dium sulfate tests are not yet concluded, 
but they show no striking effect from 
the aluminum powder after many 
months. The more severe tests of 
freezing and thawing with calcium 
chloride show important differences and 
are therefore reported in more detail. 


75 or more cycles. The thawing was by 
immersion to half depth in a 10 per cent 
solution of calcium chloride at 70 F. 
The specimens were precooled to about 
30 F. while still in the solution, before 
being fully exposed to air at 0 F. over- 


night, the intention being to minimize 
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specimens 


0.056% aluminum 


).007% aluminum 0.014% alur 0.028% aluminum 
Mix 20 


No aluminum 0.007% 
Mix 18 Mix 19 


Mix 17 
Low Alkali Cement, effect of aluminum interground with cement. 


no | no 
specimens specimens 
made made 


No aluminum 0.007% aluminum 0.014% aluminum 0.028% aluminum 0.056% aluminum 
Mix 17 Mix 21 Mix 22 


Low Alkali Cement, effect of aluminum added to mix. 


0.028% aluminum 0.056% aluminum 


aluminum 
No mix number 


No aluminum 0.007% aluminum 0.014% 
Mix 11 Mix 12 


Mix’ 9 Mix 10 
Medium Alkali Cement, effect of aluminum interground with cement. _ 


no no 
specimens specimens 
made made 


uminum 0.007% aluminum 0.014% aluminum 28% aluminum 
Mix 23 Mix 24 
High Alkali Cement, effect of aluminum interground with cement. 


no 


0.007% aluminum 0.014% aluminum 0.028% aluminum 0.056% aluminum 
Mix 27 Mix 28 
Low Alkali Cement, Crushed Aggregate, effect of aluminun added to mix. 


Fic. 2.—Condition of Freezing-and-Thawing Specimens After 75 cycles. 
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drainage and drying from specimens 
before freezing. Length changes were 
observed periodically. 

The actual length changes of speci- 
mens in the freezing-and-thawing tests 
are shown for 30 and 75 cycles in Table 


used (0.056 per cent interground with 
cement). The improvement was good 
whether the aluminum was interground 
with the cement or simply added to the 
concrete mix, but it was indicated that a 
given improvement could be obtained 


TABLE III.—EFFECT OF ALUMINUM POWDER ON a lad AND OTHER PHYSICAL PROPERTIES 


OF CONCRET 


Freezing-and-Thawing 


Com- 
: Flexural | Modulus of Expansion, per cent 
Mix Aluminum Content, voids, Strength,| Elasticity, 
per cent After 30 | After 75 
| cycles cycles 
_Harsu Mix, Srticeous SAND AND GRAVEL, Meprum ALKALI CEMENT 
None 0.9 4240 690 5 350 000 0.110 | (failed) 
| Pee 0.007—interground 0.9 4800 680 5 350 000 0.011 .250 
No. Ravcs seuss 0.014—interground | 1.4 4800 680 5 250 000 0.004 0.100 
0.028—interground 3.1 4780 780 5 100 000 0.002 0.070 
0.014—interground 2.6 2920 740 4 650 000 | 0,003 0.080 
ee 0.014—admixed 4.3 3220 735 4 650 000 | 0.001 0.050 
0.014—admixed 3.1 2180 760 4 700 000 0.001 0.080 
0.014—admixed 4.2 | 3400 740 4 650 000 0.001 0.080 
Prastic Mrx, SAND AND GRAVEL, Meprum ALKALI CEMENT 
OF None | 5090 800 5300000 | 0.060 | (failed) 
SS eae 0.007—interground | 0.6 4640 780 5 300 000 | 0.007 | -035 
0.014—interground 4460 | 760 5250000 | 0.003 0.009 
No. 12 0.028—interground | 2.6 4660 800 i 5 100 000 0.000 0.004 
No, 13 0.014—interground | 3.3 | 2370 770 5 100 000 0.003 0.008 
No. 14 0.014—admixed | 4.6 3300 680 4 450 000 0.001 0.006 
SS eee 0.014—admixed 4.6 | 2060 620 4 400 000 0.001 0.013 
eee: 0.014—admixed | 4.3 2970 | 670 | 4 500 000 0.000 0.011 
Piastic Mrx, Striceous SAND AND GRAVEL, Low ALKALI CEMENT 
No. 17 None 0.7 5250 | 795 | 5360000 0.040 (failed) 
No. 18 0.014—interground 3.2 40600 855 5 180 000 0.005 -012 
0.028—interground 6.3 4210 795 4 350 000 0.006 0.014 
No. 20 0.056—interground 10.8 2970 750 3 850 000 0.003 0.005 
ek v'y300 0.007—admixed 1.9 4390 885 5 250 000 0.008 0.040 
ee 0.014—admixed 3.7 3350 860 5 020 000 0.005 0.013 
Prastic Mix, Stticzous SAND AND GRAVEL, ALKALI CEMENT 
1 8 arr None 0.9 5400 5 360 000 0.070 (failed) 
No. 24.. 0.028—interground | 5.8 4 780 000 0.003 0.010 
Prastic Mrx, CrusHep Dotomitic Accrecate, Low ALKALI CEMENT 
No. 25 None | 1.0 4700 sss | 4700000 | 0.00 | 0.110 
No. 26 0.014—interground 3.0 3720 Md Mee 0.016 0.035 
sees 0.007 —admixed | 2.0 4100 900 4 700 000 0.013 0.031 
No. 28 ; 0.014—admixed 3.2 2800 900 4 500 000 0.009 0.024 


III. The condition of many of the 
more important specimens after about 
75 cycles can be seen in Fig. 2. In- 
variably, the aluminum powder caused 
large improvements in resistance to 
freezing and thawing with calcium 
chloride, the improvements being great- 
est for the largest amounts of aluminum 


with less reduction in concrete weight 
when the aluminum was interground 
with the cement. The aluminum seemed 
to lose a considerable amount of its 
gas-generating power, but not so much 
of its effectiveness otherwise, after being 
interground with the cement. This is 
indicated by the results in Table III. 
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In a typical case, 0.014 per cent of 
aluminum when admixed in the con- 
crete produced 4.3 per cent of air (gas), 
while the same amount when inter- 
ground produced only 1.4 per cent, but 
the latter gave excellent performance in 
the durability tests. Most of the loss 
of aerating power of the aluminum ap- 
peared to occur soon after grinding, 
with only a slow and gradual loss there- 
after. The loss in aerating power of the 
interground aluminum powder was most 
severe for high-alkali cements. The 
concretes reported here were made at 
various ages after the cements were 
ground, but mostly after several weeks. 

All of the control concretes reported 
in Table III failed completely in the 
freezing-and-thawing tests before 75 
cycles, except that containing crushed 
aggregate. But even this concrete ex- 
hibited appreciable expansion, as com- 
pared with much less expansion for the 
corresponding concretes containing alu- 
minum. This result should not be taken 
to prove that broken aggregate is neces- 
sarily better than natural aggregate, 
because the particular natural aggregate 
used contained a considerable amount of 
slate and was therefore not representa- 
tive of the best natural aggregate. 


BonpD TO REINFORCING STEEL 


A wide variety of tests on bond to 
reinforcing steel all show a large im- 
provement in bond strength due to the 
addition of a small amount of aluminum 
powder. The specific concretes listed in 
Tables II and III were not tested for 
bond strength, because facilities were 
not available for making tests with 
aggregate as large as $ in. But many 
similar concretes employing the same 
cements were tested with 3-in. maximum 
size of aggregate, and the results of the 
more important of these tests are shown 
in Table IV. Referring to ‘the table, 
some in bond is 
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shown by every concrete containing 
aluminum, and in some cases the in- 
crease in bond strength is nearly 100 per 
cent. The particular type of bond test 
employed gave rather large variations 
and therefore no fine comparisons should 
be attempted from Table IV. Tests of 
a much more comprehensive nature are 


TABLE IV.—-EFFECT OF ALUMINUM ADMIXTURE 


ON BOND TO REINFORCING STEEL. 
Bond Strength, 
Based on Total 
Distinguishing Feature of Concrete Area, psi. 
Medium Alkali Cement: be 
+0.014% fine aluminum, ad- mt 
+0.014% coarse aluminum, ad- 


+0.014% fine aluminum, pre- 
ground with sand 


+0.014% fine aluminum, inter- ae 


ground with cement.......... 
+0.014% coarse aluminum, in- 
térground with cement....... 


Low Alkali Cement: 
No aluminum. . 
+0.007% fine aluminum, 
mixed 
+0.014% fine aluminum, inter- 
ground with cement.......... 


High Alkali Cement: 
+0.028% fine aluminum, inter- 

ground with cement.......... 


Note.—Concrete was plastic mix, 1:5 by weight, 
natural aggregate of 3/8-in. maximum size, each speci- 
men a 4-in. cube with 3/4-in. round rod passi horizon - 
tally through center, bond strength determined by ‘‘push- 
out.” 


necessary to establish the relative merits 
of different grades of aluminum and of 
the method of incorporating it. The 
main value of Table IV is to show the 
general improvement in bond strength 
due to aluminum powder. Correspond- 
ing tests on the same cements inter- 
ground with resin resulted in much lower 
bond strengths. These results are not 
included because more comprehensive 
results on the effect of resin are available 
elsewhere. 
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Moputus OF ELASTICITY 


The increased porosity due to the 
7 action of aluminum powder in concrete 
is reflected in somewhat lower modulus 
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} 

RATE OF GaAs LIBERATION FROM 
ALUMINUM IN CONCRETE 


The rate at which gas is liberated by 
the action of aluminum powder in con- 


cause a reduction in concrete weight of 
less than 2 per cent, the general condition 
for optimum strength, but for larger 
amounts of aluminum, the reduction in 
_ E was from 2 to 4 times as great, per- 
centagewise, as the reduction in con- 
Measured values of E 
are included in Table III for all of the 

concretes listed in Table II. 


crete weight. 


Fic. 3.—Expansion Rates of Concrete Containing Aluminum Powder. 


of elasticity, E. The reduction in E crete is of some importance. Aside 
2 was found to be negligible when the from the fact that it would seem to be 
aluminum content was low enough to desirable for the action to go on after 
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Minutes After Mixing 


the concrete is placed, the effectiveness 
of the aluminum probably depends 
somewhat on how the time of gas 
evolution compares with the setting 
time of the cement. 

A number of tests were made to show 
the rate of gas liberation, as measured 
by expansion of the fresh concrete, for a 
variety of conditions. The apparatus 
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for making the tests consisted of a 3 by 
6-in. metal cylinder with an overflow 
pipe near the top. The cylinder was 
filled to within a 3 in. of the overflow 
with concrete, the remainder of the 
space to the overflow being filled with 
water. A metal disk of 2.5-in. diameter 
was partially submerged in the water to 
magnify the tendency of the surface to 
rise, and a wetting agent was added to 
the surface water. A steady drip of 
water from the overflow then occurred 
due to any expansion of the concrete, 
and this drip was collected and measured. 

In Fig. 3 are shown the rates of ex- 
pansion of 12 concretes, comprising 3 
cements differing as to alkali content, 
and 4 grades of aluminum powder. The 
expansion tests were made with a mix 
of 1:4 by weight and an aluminum con- 
tent of 0.014 per cent. The 4 grades of 
aluminum powder were as follows: 

(a) Commercial powder, finest grade, 
420 mesh, polished with tallow, rela- 
tively pure, 

(6) Commercial powder, coarse grade, 
160 mesh, polished with tallow, rela- 
tively pure, 

(c) Commercial powder, 200 mesh, 
from paper-backed scrap and therefore 
impure, probably containing some lead 
and tin, and 

(d) The 420 mesh powder of (a), pre- 
ground with silica sand in proportions 
1:50 by weight to about 1500 sq.cm. 
per g. 

Referring to Fig. 3, it is evident that 
the expansion rate of the concrete is 
related to the alkali content of the 
cement, except when the aluminum is 
preground with sand. The beginning of 
rapid expansion is delayed many minutes 
when the alkali content of the cement 
is reduced. The actual alkali contents 
of the three cements in Fig. 3 were 1.2, 
0.7, and 0.2, respectively. It is possible 
that the dependence of expansion rate 
on alkali content of cement is due to 
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the trace of tallow remaining in the 
aluminum powder from the polishing 
operation in its preparation. This seems 
to be the only ready explanation for the 
absence of any important effect of alkali 
content of cement when the aluminum 
was preground with sand, whereby the 
traces of tallow probably were removed. 

The impure aluminum was included 
in the tests mainly because it is obtain- 
able even in time of war. Being impure, 
its reaction rate could be expected to 
be different, but its rate was found to be 
just as predicted for pure aluminum of 
comparable fineness. Tests are now 
being made of the relative effects of the 
impure aluminum on the other concrete 
properties. 

The total expansion observed in the 
concretes was considerably less than the 
theoretical amount. If all of the alu- 
minum reacted, if no gas escaped, and 
if the gas were under atmospheric 
pressure, the total expansion under the 
conditions in Fig. 3 should have been 
about 7.7 per cent. However, some gas 
undoubtedly does escape and the con- 
crete restrains the expansion so that the 
gas is under some pressure. In pre- 
dicting the approximate expansion likely 
to occur, a convenient procedure is to 
multiply by 1800 the percentage of alu- 
minum by weight of concrete. Thus, 
0.014 per cent of aluminum in a 1:6 
mix with a water-cement ratio of 0.60 
would be 0.0018 per cent by weight of 
concrete, and the expected expansion 
would be (0.0018) (1800) or 3.2 per cent. 
This expression takes account of the 
richness of mix and incompleteness of 
expansion, but it does not take account 
of any unusual restraint or confinement 
of the concrete that would tend to reduce 
the expansion. 


TENTATIVE CONCLUSIONS 
The tests reported herein are not com- 


prehensive enough to permit drawing of 
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final conclusions, but the following 
- tentative conclusions seem to be war- 


_ 1. A large improvement in resistance 
to freezing and thawing with calcium 
chloride can be obtained by adding a 
_ sufficient quantity of finely-ground alu- 
‘minum to cause a reduction in the con- 
crete weight of several per cent; if the 
aluminum is interground with the 
cement, up to 0.020 per cent of aluminum 
a indicated, and if the aluminum is 
simply admixed, up to 0.014 per cent is 
Indicated. 
2. Bond strength to reinforcing steel 
_ is improved markedly by the addition of 


ground to the concrete mix. 


art - 
Ay 


3. Flexural strength of concrete can 
be improved appreciably by the addition 
of from 0.005 to 0.014 per cent of alu- 
minum powder, even though the at- 
tendant compressive strength may be 
decreased. 

4. The compressive strength of all 
but harsh mixes and confined concrete 
is reduced by the addition of aluminum 
powder to the mix. 

5. Optimum strength usually is ob- 
tained with about 0.007 per cent of 
aluminum powder by weight of cement, 
but optimum resistance to freezing and 
thawing with calcium chloride is ob- 
tained with two to four times as much 
aluminum. 
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Mr. BENJAMIN W1Lk.!—I should like 
to ask whether it would be desirable to 
add the aluminum to the water or to 
the aggregate? 

Mr. Roy W. Carison.2—It is usually 
added to the aggregate, although it 
probably makes little difference how it 
is added if it is preground with sand, 
one part of aluminum to 50 or 100 parts 
of sand. We have never tried adding 
it to the water. We have always added 
it to the cement or the aggregate. 

Mr. R. E. Davis.*—We have found 
that better dispersion is obtained by 
adding the aluminum to the aggregate. 
While ours is on a small laboratory scale, 
I believe that if the additions were being 
made in a mixer it would be best done as 
Mr. Carlson suggested, namely, by first 
pregrinding it for a very short time with 
dry sand. That will insure getting good 
dispersion in the mix. 

Mr. F. C. Lanc.*—I was a little sur- 
prised at the increase in bond strength. 
Tests made in our laboratory on concrete 
in which vinsol resin or natural cement - 
portland cement blends were used 
showed a decreased bond strength. I 
wondered whether the increase in bond 
strength was caused by compression, 
due to the formation of gas. 

Mr. Cartson.—The increase in bond 
strength in this case seems to be the 
elimination of the bleeding of the water 

1 General Manager, Standard Building Products Co. 
Detroit, Mich. 

2 Associate Professor of Civil Engineering, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 

3 Professor of Civil Engineering, and Director, Engi- 
neering Materials Laboratory, University of California, 
Berkeley, Calif 

4 Engineer of Materials and Research, Highway De- 


vartment Laboratory, Minnesota Highway Dept., Minne- 
polis, Minn. 
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DISCUSSION 


and the | contact with the bar on all 


sides. In the same series of tests we 
made some tests of the introduction of 
vinsol resin, and there was some reduc- 
tion in bond strength with the introduc- 
tion of vinsol resin. We did not include 
those tests because we did not think 


there were a sufficient number to in- — 


clude them. 

Mr. H. F. GonnermMan.i—We have 
made a good many tests of concrete 
containing powdered aluminum and are 
preparing a paper on this work. Al- 
though we have covered many of the 
phases Mr. Carlson has reported upon 
we have never been able to obtain an 
increase in compressive strength of 
plastic concrete in standard 6 by 12-in. 


cylinders unless the expansion of the _ 


concrete was restrained during the early 
hardening period. By 
quantities of aluminum powder we have 
found improvement in bond resistance 


using suitable 


a 


and in resistance to freezing and thaw- | 


ing, as Mr. Carlson has pointed out. 


I should like to ask what explanation — 


Mr. Carlson has for the results he reports 


that when the aluminum was ground 


with the cement it was not quite as — 
effective as when it was added to the — 


mix? 


Mr. CARLSon.—For a given amount of © 


gas generation, the aluminum appears 
to be more effective when ground with 
the cement. 


But it is necessary to use 


two or three times as much aluminum | 


ground with the cement for a desired 
amount of gas generation. 


5 Manager, Research Laboratory, Portland Cat 
Assn., Chicago, Il 
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minum appears to react somewhat with alkalis, which could not be used in 
the cement before use. aerocrete as there was not enough reac- 
Mr. WILuiAM J. MAyer.’—Have any tion with aluminum to form the neces- 
tests been made to determine the thermal sary hydrogen. 
conductivity of concrete with aluminum? 
Mr. Carison.—No, we have made 
none. We would not expect it to have 
much effect, because the percentage by 
weight of the cement is only 0.007 per 


The problem you investigated is, to 
some extent, different from the use of 
aerocrete; still I should like to knew 
whether the effect of alkali content was 

1 noticeable when it differed as much as 
per cent to 1.0 per cent? 
roughly 0.0007 per cent. 

Mr. Nicoraas T. F. STADTFELD.’7— 
ee quite surprised in the author’s WS 2Ot preground with sand, there was 
statement that portland cement con- practically no effect. We believe the 
taining only 0.2 per cent of total alkalis Polished aluminum to be coated with a 
would be affected by the addition of trace of tallow, and it takes a certain 
aluminum. The reason I mention this @mount of alkali to break that down. 
is that I know of one cement, low in If it is preground with sand so as to 
—_—— remove the tallow, it does not seem to 

® Manager, Engineering Service Dept., A. M. Byers 


Co.. Pittsburgh, Pa. make any difference; the rates are 
7 Division Engineer, New York City, Board of Water 


mi 


= 


~ 


| 
aq 
| 
av 
rie 
j 
4 
t 
mi 
sol 
th 
sp 
ha 
iz mi 
br 
e 
f 
re 
Ma 
dD. 


s, to 

se of THE EFFECT OF BRICK ABSORPTION CHARACTERISTICS UPO 

knew MORTAR PROPERTIES 

was 

2 was Absorption characteristics have been determined on several types of brick 

ohne taken from different parts of the kiln. The abstraction of moisture by these 

: bricks from lime mortar after contact lasting 1, 10, and 100 min. has been 

‘ith a measured, and the setting times have been taken. The moisture gradients 

rtain in lime mortars in contact with these bricks were also observed, and the effect 

lown. of high initial absorption on mortar properties caused by the congealing of the 

as to mortar surface are described. Bond and joint-mortar compressive strengths, 

2m to obtained with a 1:2:9 mortar at 28 days in contact with several types of brick, 

; are are plotted against 1-min. absorptions. The result on mortar strengths of 


wetting 3 of the more highly absorbent bricks is also shown graphically. Some 
observations on the effect of brick absorption on mortar durability are given. 
Strengths are recorded for joint mortars varying in composition from straight 
lime to straight portland cement for ages up to 1 yr. Their ratios to metal 
molded cube strengths are also given permitting one to make an estimate of 
mortar strengths in the wall. The problem of mortar durability is discussed in 
light of the British rule for choice of a mortar, and the need for more study of 
the deformability of masonry assemblages is emphasized. 


That the strength of mortar in’ kiln and from one intermediate section. 
masonry joints is affected by the ab- The values given under absorption are 
sorption behavior of the units in contact averages, but in every case a consider- 
therewith, has been reported with re- able amount of scatter was encountered. 
spect to stiff-mud bricks.?* This study Some bricks from the middle of a kiln 
has now been extended to include other would be similar to the average from the 
mortar properties and other types of top, while others would be like typical 
brick. Mots bricks taken from lower courses. In- 
deed, as Stull and Johnson‘ have pointed 
out, considerable variations in pore 
The types of brick included in these structure are often encountered in dif- 
experiments are listed in Table I, to- fg.ront parts of the same brick. 
gether with ene of their properties. In selecting bricks for experimenta- — 
As far as possible, bricks were selected tion, the 1-min. absorption of all the 


f f th 
rom the top and bottom courses of the stiff-mud bricks was determined at the 


1 Consulting Specialist on Building Materials, Newark, 
Ohio 4 Ray T. Stull and Paul V. Johnson, “Some Properties 
2 F. O. Anderegg, ‘ ion Brick Masonry,” Archi- of the Pore System in Bricks and Their Relation to Frost 


(19. Action,” Journal of Research, Nat. Bureau Standards, 
iF. od Toad “Some Properties of Mortars in Vol. 25, Pp. 711 (1940); “Relation Between Air Cog Water 
ieee? ” ee. Am. Soc. Testing Mats., Vol. 40, P ilities of Building Brick,” Bulletin, Am. Ceramic , 


p. 1130 (1940). Soc., Vol. 20, p. 443 (1941). 
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and those bricks ranging 
from 1 to 5 g. were sorted out as brick A. 
For bricks B and C the limits were 16 
to 24 g. and 45 to 55 g., respectively. 
The other types of brick were shipped 
some distance and it was necessary to 
use those available. In each case, 
however, they were sorted according to 
the 1-min. absorption and the values 
given in the table represent the range 
within +20 per cent. Comparisons of 


the pores being rather However, 
Stull and Johnson‘ obtained indications 
that such pores were few in number and 
relatively large. Here is a nearly virgin 
field needing experimental study. 

The smoothness or roughness of the 
brick surface should receive considera- 
tion. In the first place, it is difficult for 
a mortar to come completely in contact 
with a rough surface brick, so that suc- 
tion on the mortar would be reduced. 


Pte various properties were also made with The bond would be lowered, while 
ik Se 10-min. or 24-hr. immersion values, but leakage would increase. On the other 
LG in all cases the data, when plotted hand, where contact is complete, a 
TABLE I. 

Absorption 
Brick Type Material Source Surface 
1 min., |10 min.,| 24 hr., Condition 
g.* |per contiper cent 
A) 3 0.5 | 1.4 f 
B}Stiff-mud, side-cut Shale Central Ohio 20 4.7 6.5 rough 
so | 8.0 | 13.0 
3 0.4 1.1 
E}Soft-mud, water struck Clay New Hampshire 10 3.0 5.5 fairly smooth 
50 10.0 12.0 
G Soft-mud, sand struck Clay Central Penna. 70 6.5 12.0 fairly smooth 
H Soft-mud, sand struck Clay Hudson Valley 45 7.5 9.0 
H’Same as H except for a whitish 60 10.0 13.0 fairly smooth 
flat face 
M Dry-press Shale N.W. Penna. 80 6.0 7.0 very smooth 
ra Dry-press nonceramic Sand New York City 120 8.0 12.0 very smooth 


complete ion. 


against 1-min. deviated 


shape of the absorption curve, when 
plotted against time, with the pore 

structure; but too little is known about 
the latter to permit more than broad 
- generalizations. The very rapid initial 
_ rise of water in the dry-press bricks 
indicates the presence of relatively large 
On the other hand, the very 
slow absorption of the hard-burned 
_ bricks might be interpreted as due to 


Pe _= 


* The 1-min. absorption was determined by placing a brick flat in } in. of water for aoe 60 sec. 


The others involved 


rough surface will give a mechanical 
keying which is desirable. Such con- 
tact is most easily obtained with bricks 
of lower absorption rates, more or less 
compensating in the bond strength for 
a higher water-cement ratio in the 
mortar. 
= 

For a study of the effect of the differ- 
ent types of absorption on the water 
content of a mortar, it is important to 
select a mortar of constant properties. 
Such a mortar was obtained by allowing 
lime to soak for * least two weeks, 


Mortars 
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followed by prolonged mechanical mix- 
ing with the required amount of sand. 
In this way the clumps of lime solids 
were broken down, so that additional 
handling would cause little change. 
Two limes were used, one, a high- 
calcium, high-yield quicklime Q, and 
the other, an Ohio dolomitic hydrated 
lime R, in which the magnesia was 
only slightly hydrated. They were 
mixed 1:3 with local sand® (50 parts 
lime solids to 240 parts dry sand by 
weight). With a water-solids weight- 
ratio close to 0.305, the consistency was 
maintained to give a flow of 110 per 
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ABSORPTION OF MOISTURE FROM 
Mortar 


When mortar was placed in contact 
with any of the brick used in this in- 
vestigation some moisture was im- 
mediately removed. The rate of re- 
moval and the total amount abstracted 
had a considerable effect on the mortar 
properties. A study has been made of 
the abstraction of moisture from mortar 
by the different bricks, using the lime 
mortars. Two air-dried bricks were 
weighed and 500 g. of mortar was placed 
on one brick and spread to a uniform 
bed in 30 sec. The second brick was 


TABLE II.—PROPERTIES OF MORTARS. 


| Mois- 
Pene- . Unit Compressive Strength 
Flow, ture, Air Ad: Volume Paste Water a 
Mix per — Seley, W/S, | Volume, We _ Absolute Vol- | Retention, at 28 days, psi. 
cent per | per cent ume Sand per cent 
2 cent cu. ft. Cube Joint Mortar® 
3..) 110 |40 + 4/6.6 + 2) 30.5 |1.0 to 1.5)114 + 2) 1.060 1.00R | 87R | 700° 1800 200R 
1:2:9..| 110 |25 + 3)6.6 + 2) 22.4 [0.4 to 1.0)124 + 2) 1.110 1.08R 80 7 1580 


ternal diameter of 10 cm. 


© Metal-molded 1-in. cubes stored in the laboratory air. 
Metal-molded 2-in. cubes stored in water. 


cent. The mortars made from the two 
limes so prepared behaved almost alike. 

For strength tests, a 1:2:9 mortar 
was used, or 94:100:720 parts by 
weight... The cement was a blend of 
four standard brands, meeting the re- 
quirements for Type 1 of the A.S.T.M. 
Standard Specifications for Portland 
Cement (C 150-41). The lime was a 
pressure-hydrated dolomitic lime, with 
strength and workability very similar to 
the average values previously obtained 


with 20 different brands of lime. The 
sand and methods used have been 
previously described. Some of the 


properties of these mortars are given in 
Table II. 


5 Report of Committee C-7 on Lime, Evaluating Cubic 
Foot Quantities of Mortar Materials, Proceedings, Am. Soc. 
Testing Mats., Vol. 41, p. 277 (1941). 

61941 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 1. Seige: 

7L. Wagner’s Method, personal communication. 


* Penetration of a cylinder of 42-mm. diameter, weighing 700 g. into mortar held’in a cup 9 cm. deep and with an in- 


Splash is the average diameter of mortar which has fallen 15 cm. onto a plate. The flow table mold is placed on a 
wet glass plate, and after filling, the plate was removed rapidly in a horizontal direction. 


© Taken from joints between stiff-mud bricks having a 20-g. 1-min. absorption. 


then placed on top and pushed down to 
produce a joint 3 in. thick. The mortar 
which was squeezed out was returned 
to the joint with an upward cutting 
motion of the trowel. The pair was 
then inverted. After 1, 10, or 100-min. 
contact, the top brick was detached and 
brushed free of all mortar and weighed. 
This was repeated with the other brick. 
The results are plotted in Fig. 1. 
Some of the same mortar was placed 
on similar bricks in a metal ring 3 in. 
thick and the setting time was noted 
with the heavier Gillmore needle at the 
center of the ring.’ These setting times 
are plotted as squares in Fig. 1. Similar 
setting times were taken with the 1:2:9 
mortar. They are also plotted in Fig. 
1, although abstractions were run on 
lime mortars only. 
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Fic. 1.—Abstraction of Moisture from Lime Mortar by Different Bricks. Na 
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Fic. 2.—Moisture Gradient in Lime Mortar in 
Contact with Different Bricks. 

The areas at the lower left corner marked Z indicate 


_ approximate thickness of the congealed layer. 


1. 


It is surprising to note that the type 
of brick having the highest initial rate 
of absorption of water removed but a 
very small amount of moisture from 
these lime mortars. Only the two very 
hard-burned bricks, A and D, abstracted 
less. Another surprising result was 
that before the mortar set up, a great 
deal more total moisture had to be 
abstracted by the softest burned brick 
in a given series than by the hardest 
burned member. This held for both 
the lime mortars and the 1:2:9 mortar, 
suggesting the existence of marked 
differences in moisture gradient within 
the mortars in contact with the different 
bricks. For bricks taken from the same 
kiln, it was noted that the product of 
the 1-min. absorption in grams and the 
setting time in minutes, was a constant. 


GRADIENT AND CONGEALED 
LAYER 


obtain information about the 


moisture gradient within the mortar, 
lime mortar was placed in contact with 
a given brick for definite periods of time 
The mortar was then gently removed 
from the brick. The layer left clinging 
to the brick was sampled as well as six 
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successive 1-mm. layers taken from the the more absorptive bricks, most mois- 
detached mortar. Then the moisture ture was removed by some of the bricks 
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Fic. 3.—Beams Made from 1:2:9 Mortar and Brick of Low, Mediur High Absorption After 
Breaking. , 
The mortar clung tightly to the bricks of medium absorption fis 


ALED 


Fic. 4.—Enlarged Photographs of the Mortar Surface Shown in Fig. 3. 
The mortar from the hardest burned bricks bears a faithful imprint of their surfaces. The surface of the mortar 
from the highly absorptive bricks had been congealed too rapidly to permit making complete contact. Note the de- 
pressions resulting. Also note the difference in whiteness, which reflects the difference in water-cement ratio. 


with® The results obtained after contact last- water, confirming the results obtained 
time ing 10 sec. and 2 min., are given in_ in the first experiment. One reason for 
oveda Fig. 2. . this anomalous behavior was disclosed 
ging It is interesting to note that among by these experiments. The higher the 
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initial absorption rate, the greater was 
_ the apparent tendency to form a highly 
congealed layer at the surface of the 
mortar. The rest of the mortar could 
be readily peeled from the congealed 
layer. Moisture is apparently removed 
so rapidly from the surface of the mortar 
by some of the bricks of high initial 
suction capacity that a condensed layer 
is formed having a permeability varying 
inversely with the initial suction. The 
thickness of this layer is indicated in 
Fig. 2 by the shaded area on the left 
marked Z. In this way a steep moisture 
gradient was built up between the sur- 
face layer and the interior of the mortar. 
The effect of this phenomenon onthe 
setting time and on some of the other 
mortar properties was often quite great. 


AREA OF CONTACT 


Another effect of the initial high 
suction rate was the prevention of the 
mortar from flowing out over, and 
making continuous contact with, the 
surface of the brick. The effect of this 
on the surface of the mortar in contact 
with a high absorption brick is shown in 
Fig. 3. More detail.is given in Fig. 4, 
which is an enlargement of the mortar 
surfaces removed from both high and 
low absorption bricks. The surface 
of the latter is a faithful imprint of the 
brick surface, while the mortar surface 
from the higher absorption brick is 
characterized by hills and valleys. The 
rapid congealing of the mortar has left 
a network of capillaries between brick 
and mortar. This effect has been noted 
previously,?> where its presence was 
connected with wall leakage. It was 
there associated with poor water re- 
tention in the mortar, while the effects 
here exhibited were obtained with mor- 
tars having not only excellent water 
retention but also other properties con- 
tributing to the best workability. It is 
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evident that the units play a part in 
the watertightness of the wall. 


BonD STRENGTH AND JOINT-MoRTAR 
COMPRESSIVE STRENGTH 


A considerable number of 2-brick 
beams have been made up with bricks 
of different types and absorption rates. 
They were broken at 28 days with 
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Fic. 5.—The Effect of Absorption Rate of 
Various Bricks upon Bond Strength and upon 
Joint-Mortar Strength of a 1:2:9 Mortar. 


cantilever loading and specimens cut 
from the joint-mortar were crushed as 
previously described.* The results ob- 
tained have been plotted in Fig. 5, 
against the 1-min. absorption as abscis- 
sas. These values were confirmed by 
applying a single batch of mortar to 6 
different types of bricks. The bond 


Fo 
brick 
with 
beyo 
first 
cemé 
the « 
cong 
cont 
of b 


826 
: stren 
the 1 
averé 
from 
have 
; timu 
reco! 
Tl 
take 
abso 
whe 
| but 
was 
watt 
mor 
| cont 
in c 
havi 
due 
ae was 
j proj 
the 
cl 
pe 
thar 
othe 
stat 
den: 
> 
Thi 
com 
has 
abs 
2 


strengths were obtained by averaging 
the results from 3 to 6 beams. Their 
average deviation ran about 5 per cent. 
The compression data were obtained 
from 10 to 20 specimens, and the 
average deviation ran about 15 per cent. 

For most of the different types of 
bricks the bond strengths increased 
with the brick absorption to a maximum, 
beyond which they decreased. The 
first increase was due to reduced water- 
cement ratio within the mortar, while 
the decline resulted from mortar surface 
congealing and from the consequent poor 
contact. The decreasing bond strengths 
of bricks H and H’ indicate that they 
have absorption rates above the op- 
timum and should be wetted, as is 
recommended by the producers. 

The compressive strength of mortar 
taken from the joints increased with the 
absorption rate, not only to the point 
where bond strength was a maximum, 
but sometimes even beyond that. This 
was doubtless caused by a _ lowered 
water-cement ratio. However, with 
mortars of higher portland cement 
content, strength decreases in mortar 
in contact with highly absorbent bricks 
have been occasionally noted, no doubt 
due to the fact that insufficient moisture 
was left in the mortar to cure the cement 
properly. 

High-lime mortars in contact with 
the nonceramic bricks S behaved in a 
peculiar way. They set more slowly 
than they did when in contact with any 
other of the bricks studied, except those 
which were very hard burned. As was 
stated above, the formation of a very 
dense congealed layer next to the bricks 
resisted the transmission of moisture 
from the center of the mortar joint. 
This resulted in comparatively low 
compressive strengths. A similar effect 
has been noted with certain highly 
absorptive ceramic bricks. 

The continuing rise of ‘compressive 
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strength to a maximum as absorption 
increases may in part be attributed to 
the effect of the numerous tiny capil- 
laries in bricks C, F, and G, reported by 
Stull and Johnson‘ for similiar bricks. 
In spite of the formation of the con- 
gealed layer, there seems often to be 
sufficient suction force to continue the 
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Fic. 6.—The Effect of Wetting Absorptive 
Brick upon Bond Strength and upon Joint- 
Mortar Strength of a 1:2:9 Mortar. 


abstraction of moisture over a con- 
siderable period of time. 


Errect of WETTING THE UNITS 


Three of the more absorbent bricks, 
C, M, and S, each received applications 
of water to that surface on which 
1:2:9 mortar was to be applied, suffi- 
cient to reduce the 1-min. absorption 
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to the abscissa values given in Fig. 6. 
Beams were made from these bricks and 
also from similiar dry bricks. Bond and 
compressive strengths are recorded in 
Fig. 6. The values for the dry bricks 
are plotted on the right-hand side of the 
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selected, where bond strength and water- 
tight walls are of importance. 
EFFECT OF SURFACE TEXTURE 


The method of testing for bond 
strength depends upon stress in the 


figures. As water was added to ceramic extreme fiber, since the beams were 
units C and M, the bond strength in- broken by cantilever loading. The 
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Fic. 7.—The Effect of Age and of Cement-Lime Ratio upon Bond Strength and of Joint-Mortar 
Strength. 
Also the ratios of bond strength and of joint-mortar compressive strengths to the compressive strength of metal- 


molded cubes are given. 
weekly wetting. 
individual results. 


creased to a maximum and then de- 
clined. The increase was of the order 
of 70 per cent. Nonceramic unit S 
behaved in a peculiar way which is 
receiving more investigation. 

While most brick masons appreciate 
the importance of wetting the highly 
absorbent bricks, in the rush of erection 
this detail is often neglected. More 
care should be used in wetting, or such 
highly absorbent bricks should not be 


ae 


The bricks were made of stiff-mud with a 1-min. absorption of 20 + 4 g. Storage involved 
me of the data plotted represent averages obtained with 20 brands of lime, involving hundreds of 


roughness or smoothness of the brick in 
contact with the mortar would not have 
and did not have as much effect in 
these experiments as if bond strength 
had been determined by shearing tests. 


EFFECT OF BRICK ABSORPTION ON 
DURABILITY 


The results on durability previously 
reported® have been extended to include 
mortars made from 10 different brands 
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of lime, in different ratios with portland 
cement, fabricated into 2-brick beams 
with bricks A, B, and C. After 28 days 
storage in the laboratory half were 
placed in a pan on the roof and the rest 
were half-buried in the ground. In all 
cases, with one exception, which was a 
brand of incompletely-hydrated dolo- 
mitic lime, the 1:2:9 mortars failed 
during the first inter when in contact 
with hard-burned brick A. Most of the 
mortars in contact with the more ab- 
sorbent bricks, B or C, were in excellent 
condition at the end of the first winter. 
However, a few 1:1:6 mortars made 
from high-yield, high-calcium lime put- 
ties failed during the first winter when 
in contact with the hardest burned 
bricks. After the second winter of 
exposure, little apparent change had oc- 
curred with the assemblages contain- 
ing the bricks of medium absorption. 
About half of the pairs containing the 
high absorption bricks were split apart, 
presumably by the freezing of water in 
the capillaries lying between the bricks 
and the mortar. The 1:2:9 dolomitic 
lime mortar, which had been placed 
between hardest burned bricks and 
which was mentioned in the preceding 
paragraph, still appeared to be in good 
condition. This study is being con- 
tinued. 


PREDICTING JOINT-MORTAR AND BOND 
STRENGTHS FROM CUBE STRENGTHS 


Strength values obtained with about 
20 brands of lime, in various ratios with 
portland cement, have been averaged 
and may be found in Fig. 7. The re- 
sults include those previously reported* 
and a great many more obtained since. 
The data at 6 months and at 1 yr. were 
secured with 8 brands of lime. 

In order to take advantage of the 
convenient cube test for mortar strength, 
data are also given in Fig. 7, showing the 
ratio between joint mortar strengths as 
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determined by those methods and the 
strengths obtained with wet-stored, 
metal-molded cubes. This _ relation 
seems to hold reasonably well for ceramic 
bricks having a 1-min. absorption range 
between about 10 and 100 g. With 
units of lower absorption the ratio ap- 
proaches unity. The ratios of bond 
strengths to cube strengths are also 
included in Fig. 7. In practise the appli- 
cation of the ratios is more uncertain 
because of the deleterious effect on the 
bond of the discontinuities, resulting 
from incomplete joint filling and, es- 
pecially, from inadequate tooling of the 
joints. 

These joint-mortar compressive 
strengths are so high as to raise the ques- 
tion of choice of mortar for a given 
brick. The British have an excellent 
rule,* which seems to be borne out in 
practise. This rule might be stated: 
“Choose mortar having properties simi- 
lar to, but somewhat weaker than, those 
of the units. The mortar should have 
some of the functions of a safety valve, 
and safety valves should not be tied 
down.” 

This rule has been applied in con- 
sidering the relative resistance of units 
and mortar to efflorescent disintegra- 
tion, which is apparently the chief 
hazard to durability of masonry walls 
in Britain. It has also been suggested 
as being the chief cause of the disinte- 
gration in this country of limestone,’ 
concrete’? and brick masonry. The 
compressive strength of masonry mor- 
tar, so far as load-carrying ability is 
concerned, does not generally cause 
much worry. The durability of the mor- 


8F. Fitzmaurice, Kg, of Modern Building, 
‘ ay ” pp. 245-247, H. M. Stationery Office, London 


OTE. O. Anderegg, H. C. Peffer, P. R. Judy and Lee 
Huber, “Indiana Limestone I, Effiorescence and Stain, 
ing,” "Bulletin No. 33, Purdue University Engineering 
Experiment Station (1928). 

1 F, O. Anderegg, “‘The Mechanism of Corrosion of 
Portland Cement Concrete with Special Reference to the 


Role of Crystal Pressure,” — Am. Concrete 
Inst., Vol. 25, p. 332 (1929). 
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tar would seem to be more important. 
However, for lack of a better criterion, 
durability has often been regarded as 
synonymous with mortar strength. 
While strength is a factor in durability, 
the pore system is much more important 
since disintegration will not occur where 
there is lack of opportunity for corrosive 
solutions to penetrate a system. 

The whole philosophy of the masonry 
wall needs careful review and much 
more experimentation is required on 
masonry assembledges to permit proper 
evaluation of the importance of the 
various mortar properties. 

Durability against efflorescent disin- 
tegration or against freezing is suggested 
to be more important than mere 
strength; but it should be balanced 
against the cushioning action, appar- 
ently desirable in the mortar, to take 
up the movements of the walls which are 
constantly going on. The British rule 
might be advantageously applied to 
mortar deformability, as well as to the 
resistance to efflorescent action. 

Experiments in hand involving meas- 
urements or the modulus of elasticity of 
joint mortars indicate attainment of 
rather high values, about a thousand 
times the compressive strengths given 
in Fig. 7. These observations indicate 
high mortar rigidity and the question 
may fairly be raised, “Have we not 
been overemphasizing strength in mor- 
tar?” The answer can be obtained 
only by careful experimentation. The 
study of the deformability of masonry 
assembledges has been inaugurated in 
this laboratory. 


SUMMARY 


Before the mortar at the joint surface 
sets up, much more moisture is ab- 
stracted from a lime mortar by a highly 
absorbent brick than by bricks of low 
absorption. A steeper moisture gradi- 
ent also occurs. The effect of the rapid 
absorption is to produce a congealing of 
the surface layer. 
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T his congealed layer 


q 


seems to offer more resistance to mois- 
ture movement. Another result of this 
action is to prevent the mortar from 
making intimate contact with the brick 
surface, so that bond strengths are poor. 
A network of capillaries is left through 
which rain may penetrate. If such 
brickwork becomes saturated and frozen, 
the mortar is likely to be separated M 
bodily from the bricks. Bricks of high : 


absorption should be wetted before lay- —_ 
ing or not used where bond strength or coal 
watertightness is important. This 

Bricks of very low absorption remove ay 
moisture so slowly that their laying be- liqui 
comes more difficult. The setting time by 
of the mortar is considerably increased. i 


Both bond and joint-mortar compres- T 
sive strengths are low, while mortar 


durability is adversely affected. many 

Bricks of intermediate absorption are plac 
easiest to lay. Mortars in contact with thom 
them have setting times which are con- perf 
venient for the mason. The bond ami 
strengths often run double, those ob- in | 
tained with bricks having very high or aie 
very low absorption, while the joint is th 
mortar strength is close to the maxi- dens 
mum. The durability of the joint is of ii 
also greatest with brick of medium ab- oni 
sorption. 

Bond and joint-mortar compressive load 
strengths are given for mortars ranging the 
from straight lime to straight portland wat 
cement. Surprisingly high results are dem 
obtained at 6 months and 1 yr. for 1:1:6 ie it 
mortars, and the question arises whether with 
such mortars have too great rigidity. the 
The British rule for choice of mortars, dua 
where efflorescent action is the chief ous 
consideration, would seem also logical the 


to use where deformability is concerned. li 
The problem of securing proper balance 


wat 

between rigidity and durability needs oiua 

more experimental study. a a 
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Mr. Howarp R. An- 
deregg’s paper has raised a point which 
has considerable bearing upon the suc- 
cessful use of mortar in masonry work. 
This is the function of the mixing water 
in the mortar. Water is the only 
liquidizing factor and is also the means 
by which cohesiveness is imparted to 
the dry materials. 

The common conception is that the 
mixing water has performed the function 
for which it is intended if the mortar is 
placeable in the wall. It is my concep- 
tion that the water has a function to 
perform during the placement of the unit 
and for some period after the unit is put 
in place. Water is the vehicle which 
allows of placement of the mortar, and it 
is the vehicle by which some benefit in 
density of the mortar can accrue if some 
of it is held in the mortar due to the 
water retentivity of the cementitious 
materials. The addition of the wall 
load during erection of the wall causes 
the mortar to flow plastically after some 
water has been lost to the unit thus 
densifying the mortar and also enabling 
it to come into more intimate contact 
with the unit. One of the reasons for 
the disintegration of parapet walls is 
due to the fact that the wall load is small 
at the time of erection and later when 
the wall is in service. 

If a rapid-setting mortar or one of low 
water retentivity is used with a highly 
absorptive brick, the mortar will attain 
a state of rigidity almost immediately, 

1 Assistant Professor of Building Construction, In 
Charge of Building Materials Research Laboratory, 


Massachusetts Institute of Technology, Cambridge, 
viass. 


due to loss of water alone. Thus the 
mortar becomes too rigid to flow plas- 
tically, and it has to bear the increasing 
wall load without being benefited by 
consolidation. This process leaves the 
mortar most porous at the brick line, 
where the greatest water loss has oc- 
curred, and leaves spaces through which 
water may permeate. It has been 
fairly well established that practically 
all of the visible leakage of water 
travels through the wall at the junction 
of the brick and the mortar. 

At the other extreme, if a mortar of 
low water retentivity is used with a brick 
of very low absorption, then the water 
will not be lost to the unit and some 
benefit may accrue in density as well as 
extent of bond. From a practical stand- 
point this is not successful, as the mortar 
will “‘bleed”’ its water to the face of the 
wall leaving a smeared surface which is 
very difficult to clean. If such a mortar 
is slow setting then more benefit will be 
obtained due to consolidation than if 
the mortar is rapid setting, for as the 
water bleeds to the surface the fluidity of 
the mortar allows the masonry to con- 
solidate due to increasing wall load. 
Some “floating” is apt to occur and the 
difficulties of rapid erection of the wall 
increase. The practical difficulties of 
using such a combination of materials 
should be emphasized as the cost of the 
resulting masonry would be high. 

Mr. Anderegg’s paper brings out some 
of these points. His results also em- 
phasize the fact that the absorption 
characteristics of the unit have quite as 
much to do with the successful use of 
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masonry materials as the characteristics 
of the mortar. There are many factors, 
such as reported by Mr. Anderegg, that 
require a great deal more work. It is 
the opinion of the writer that more 
members of the Society and of Com- 
mittee C-12 on Mortars for Unit Mason- 
ry specifically should be making some 
contribution to this work. 

Mr. A. T. Matmep.*—I should like 
to ask Mr. Staley and Mr. Anderegg a 
question on this point. Some years 
ago Mr. Voss brought out the theory of 
a bond layer. He contended that by 
using mortar high in lime a bond layer 
of lime is created and that it is this bond 
layer of lime that made it possible for 
the mortar to cling tightly to the surface 
of the brick. 

Now Mr. Anderegg evidently does 
not think much of this bond layer 
theory because he writes in his paper: 
“Before the mortar at the joint surface 
sets up, much more moisture is ab- 
stracted from a lime mortar by a highly 
absorbent brick than by bricks of low 
absorption. A steeper moisture gradi- 
ent also occurs. The effect of the rapid 
absorption is to produce a congealing 
of the surface layer. This congealed 
layer seems to offer more resistance to 
moisture movement. Another result of 
this action is to prevent the mortar 
from making intimate contact with the 
brick surface so that bond strengths 
are poor. A network of capillaries is 
left through which the rain may pene- 
trate. If such brickwork becomes satu- 
rated and frozen, the mortar is likely to 
be separated bodily from the bricks. 
Bricks of high absorption should be 
wetted before laying or not used where 
bond strength or watertightness is im- 
portant.” 

Now I should like Mr. Anderegg and 
Mr. Staley to enlighten me on this 
difference of opinion between them 


2 President, Hy-Test Cement Co., Philadelphia, Pa. 
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and Mr. Voss concerning this bond 
layer. As I understand Mr. Voss’s 
theory of the bond layer, its importance 
is its supposed ability to cling to the 
surface of the brick. Now according 
to Mr. Anderegg’s paper, this supposed 
bond layer acts the direct opposite. He 
contends that it is practically dead 
matter and that under freezing and 
thawing action this bond layer actually 
separates from the surface of the brick. 
It seems to me that he and Mr. Voss do 
not agree on the function of the bond 
layer. 

Mr. STALEY.—As I see it, these opin- 
ions are not divergent. 

Mr. Matmep.—Does Mr. Voss’s as- 
sistant, Mr. Staley, believe that there 
is such a thing as a bond layer? 

Mr. STaLeEy.—Essentially, yes. Mr. 
Anderegg has shown that there is a con- 
gealed layer formed in some instances, at 
the brick surface, due to the rapid with- 
drawal of water. That congealed layer 
might become more impervious to water 
from the mortar due to the fact that lime 
or at least cementitious material which 
is in suspension or in solution would be 
carried to the surface of the brick by the 
suction of the unit. The porosity of the 
mortar might be increased because of 
the rapid withdrawal of water and the 
rapid attainment of rigidity due to loss 
of water alone. The permeability to 
water traveling parallel with the layer 
would probably be increased. The bond 
layer would be the result of the carbona- 
tion of the thin layer of cementitious 
materials at the brick surface. 

Mr. MAtmep.—After comparing the 
explanations of the bond layer made by 
Mr. Anderegg and Mr. Voss, as a manu- 
facturer of a masonry cement we cer- 
tainly are confused as to whether this 
bond layer is important or whether it is 
a definite hindrance. 

Mr. STALey.—I prefer to call it just 
bond. Such a layer, when carbonated, 
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strength and watertightness. Since the 
layer is thin, optical means are necessary 
for its identification and considerable 
magnification is needed to see it. The 
congealed layer that Mr. Anderegg 
speaks of is a layer of some magnitude. 

Mr. MAtmep.—Call it what you 
please but Mr. Anderegg’s theory is 
entirely opposed to Mr. Voss’s theory. 
Mr. Voss construes the bond layer as a 
benefit and Mr. Anderegg construes it 
as an absolute detriment. 

Mr. F. O. ANDEREGG.*—Mr. Malmed 
has misinterpreted part of the con- 
clusion. My findings are: A_ highly 
absorbent, unwetted brick congeals the 
surface of mortar before it has a chance 
to flow out over and come in intimate 
contact with the surface of the brick. 
If lime is present in the mortar, how- 
ever, part of the lime is carried tothe 
interface by the moisture as it is drawn 
into the brick. The amount carried 
depends upon the lime content of the 
mortar. The presence of this lime at 
the interface is helpful in reducing leak- 
age and the separation of wet joints by 
freezing. A certain amount of lime, in 
combination with a minimum suction 
rate, seems to be required to produce 
what I have spoken of as a “congealed 
layer.” This may be the same as 
Mr. Voss’s “bond layer.” My experi- 
ence with masonry cements has rarely 
found one which would form such a 
congealed layer, although such mortars 
do lose water and plasticity in the layer 
next the interface very quickly. To ob- 
serve whether such a “bond layer” or 
“congealed layer” is being formed, 
throw some of the given mortar on the 
flat side of a very absorbent brick and 
remove the soft part of the mortar within 
a few seconds. 

Mr. C. C. Connor.*—Mr. Anderegg 


} Consulting Specialist on Building Materials, Newark, 
Yhio. 

‘ Assistant Engineer, New Jersey Bell Telephone Co., 
Newark, N. J. 
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gives optimum figures of 20 g. for the 
rate of absorption for brick with a 1:1:6 
mortar and 30 g. with a 1:2:9 mortar. 
In field practice I have had to establish 
25 g. as an upper limit for 1:1:6 and 
1:2:73 mortars which would indicate 
much lower optimums. A 5 to 25-g. 
range, when used with high-lime mortars, 
has produced more than 40 consecutive 
buildings which have been watertight 
for a period of from 1 to 11 yr. and 
seems to be well established as satis- 
factory. It would be. very helpful if 
higher rates of absorption could be used 
with consistent success, but the indica- 
tions in the field are that such brick 
increase the separation cracking and 
are liable to cause leaks. The high rate 
of absorption bricks must be wetted to 
give any hopes of good results, and 
wetting is an uncertain practice. 

In his verbal discussion, Mr. Anderegg 
explained how he obtained consistent 
results in his experiments by coating 
the bricks on each side of the joint with 
mortar and then putting the two mortar 
coatings together to form the joint. 
Such a practice is vastly different from 
that used in the field and might very 
well reduce the detrimental effect of a 
high rate of absorption. Mr. Hardesty, 
of the Bell Telephone Laboratories, 
found in some experimental work (un- 
published) that he could obtain a con- 
siderable betterment in the extent of 
bond to brick if he wiped the surfaces 
of the brick with a thin coat of the 
mortar material before laying the brick. 
I should like to ask Mr. Anderegg 
whether it is not possible that his 
method of applying the mortar to the 
bricks might not have produced these 
high optimum rates of absorption. 

Palmer and Parsons’ found that the 
best results in bond durability were ob- 

5L. A. Palmer and D. A. Parsons, ‘‘A Study of the 
Properties of Mortars and Bricks and Their Relation to 


Bond,” Journal of Research, Nat. Bureau Standards, 
Vol. 12, No. 5, May, 1934, p. 609 (RP. No. 683). 
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tained by keeping the rate of absorption 
of bricks below 40 g. But they arrived 
at that conclusion from data obtained 
by laying the brick on a mortar bed for 
one brick only and throwing the opera- 
tor’s weight upon each brick as it was 
laid. It would seem that the practices 
of Messrs. Palmer and Parsons and Mr. 
Anderegg achieved a quite similar result. 

Mr. Anderegg’s work is a very per- 
tinent corroboration of Palmer and 
Parsons’ conclusions that the rate of 
absorption of brick has a great effect 
upon bond, and that there are definite 
limits to the rate of absorption outside of 
which good results cannot be expected. 
This has been a basic premise in the 
masonry specifications used in my com- 
pany for many years and has been 
amply borne out by field results. The 
poor results that Mr. Anderegg obtained 
with very low absorption brick also bear 
out field results where a high amount 
of separation cracking occurs with such 
brick. Very low suction apparently 
has been a contributing cause of the 
condition commonly known as_ hair 
cracking which causes leaks and is ex- 
tremely expensive to remedy by ordinary 
moistureproofing practices. 

The fact that the contact surface 
shown in the photograph was closely 
molded to the very low absorption brick 
without obtaining a good bond was 
rather unexpected. Bonds that are ap- 
parently good and also durable have 
been obtained in the field between high- 
lime mortars and the glazed ends of 
bricks, although the horizontal surfaces 
of the bricks must have a proper suction. 
The low strength of the bonds obtained 
by Mr. Anderegg with good contact is 
a factor that must be considered if a 
test for extent of bond is ever developed. 

There is no question of the importance 
of the evidence given in this paper con- 
cerning the difference in results produced 
by variations in the rates of absorption 
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of brick and the kind of mortar mixes 
used. Transposition of laboratory data 
into field specifications, however, must 
be done with caution in the masonry 
field where the manner of laying the 
masonry units has such a great effect 
upon bond. I believe that the optimum 
rates of absorption of brick to produce 
water-tight brick bonds under ordinary 
field conditions and practices are con- 
siderably lower than those given by Mr. 
Anderegg. However, I would expect 
that the different mortar mixes would 
maintain approximately the same rela- 
tive differences as shown in this paper. 

Mr. ANDEREGG.—Mr. Connor is inter- 
ested in the optimum absorption rate for 
different mortars. The following values 
have been reported to the American 
Ceramic Society®: 10 g. for a 2:1:9 
mortar; 20 g. for a 1:1:6 mortar, which 
is the one I understand Mr. Connor 
likes to use; and 30 g. 1:2:9 mortar, 
which is highest of these in lime. In 
that same paper scatter results were re- 
ported for the absorption rates of bricks 
taken from a given kiln course, or alti- 
tude zone. One sample contained bricks 
which absorbed from 30 to 90 g. during 
the first minute. About half of these 
took up between 45 and 70 g. Such 
wide variations in absorption rates 
indicate that there may be some prac- 
tical difficulty in applying close speci- 
fications. However, Mr. Connor’s pro- 
posal will help to bring to the attention 
of the brick manufacturers a fine op- 
portunity to contribute to the integrity 
of brick walls, by producing bricks of 
better absorption characteristics. 

Mr. J. C. Pearson.’—In recent 
months we have been giving some study 
in our laboratory to different methods of 
test for measuring the bond between 


Paper not yet published; is being prepared for 
publication. 
7 Director of Research, Lehigh Portland Cement Co., 
Allentown, Pa. 
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mortar and bricks, and in most cases 
we have found very wide variations in 
the results from similar specimens. 
Will you please describe the method you 
use, and indicate what order of repro- 
ducibility is attained? 

Mr. ANDEREGG.—The method was 
described two years ago. It consists 
of using a very meticulous technique to 
bring the mortar into complete contact 
with the brick. The mortar is placed on 
each brick and wiped around all four 
sides, and the excess is scraped off. 
Then these bricks are put together and 
pushed down to 4 in. They are set 
aside and watched carefully, and at 
that particular point, which approxi- 
mates roughly the initial set—anyone 
that has worked with it will know it— 
they are carefully tooled with a round 
tool, bringing the mortar into intimate 
contact with the corners of both bricks. 
That has to be done very carefully, 
putting your finger or thumb over the 
mortar at the corner and then working 
away from it with the tool, so as not 
to break off the corner. 

On the second day, these joints are 
painted with a _ water-soluble dye. 
When they are broken, if there is more 
than a very slight trace of dye penetra- 
tion, those results are discarded. We 
did not make any attempt to correct 
for them. The results reported here 
were obtained with the help of an ex- 
cellent assistant and it was extremely 
rare that we had any bonds that did not 
make complete contact. 

Mr. Pearson.—That brings up the 
fundamental question of whether the 
indications from the meticulous labora- 
tory test will be relatively the same as 
from the bricklayer’s manipulation on 
the job. Ido not know the answer, but 
[ imagine the laboratory test would 
tend to give relatively higher bond for 
the weaker and less plastic mortars. 
If this is true, then it would seem prefer- 
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able to have some sort of test for the 
bond of a clean brick laid on a bed of 
mortar. This is what we have been 
trying to do, and I think we have made 
some progress, but it is difficult to de- 
velop the degree of mechanical control 
that will insure consistent and repro- 
ducible results. 

Mr. ANDEREGG.—Mr. Pearson reports 
poor success in getting reproducible 
results. That was also our experience 
at first until we used the dye to find the 
causes. It took us several months to 
work out a technique and train our- 
selves to bring the scatter within 5 per 
cent. When the contact is incomplete, 
a reentrant angle or discontinuity occurs, 
at the apex of which is concentrated a 
high stress. The magnitude of the 
stress depends upon the acuteness of the 
angle of contact and upon the distance 
of the apex from the surface of the brick. 
In other words, a notched specimen is 
under test with unknown notch dimen- 
sions. 

Almost all masons whom I have con- 
tacted have had to receive special coach- 
ing before they would manipulate the 
mortar to secure complete contact. 
This experience is in accord with the 
feeling of Connor and Pearson in ques- 
tioning the extrapolation of these results 
to practical construction. It is of inter- 
est to note, however, that the bond data 
given here have been running about four 
times as high as those reported in 1931.° 
The earlier results were obtained by 
breaking panels or columns in flexure. 
They were built by several brick masons 
and the mortars also ranged from 
straight lime to straight portland cement. 
The scatter among the older data was, 
of course, very much higher. 

Mr. Norman W. Ketcu.*—I would 
like to ask Mr. Anderegg whether he 

8F. O. Anderegg, “Watertight Brick Masonry,” 


Architectural Record, p. 208 (1931). Aik 
* Engineer-Manager, Clay Products Association of the 


Southwest, Austin, Tex. 
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836 
noticed any difference between the 
bond to the upper brick and the lower 
brick as laid. Subsequent to the 1928 
series of tests we conducted at the 
University of California, we built piers 
about 28 in. high, some of which we 
loaded by means of steel plates on the 
top and bottom connected with long 
bolts. The nuts were tightened each 
day in a calculated amount to simulate 
a scaffold high of brickwork being super- 
imposed each day until the equivalent 
of a four-story building was reached. 
The loaded piers gave modulus of rup- 
ture values higher than those not loaded 
and we noticed that the mortar invari- 
ably stuck to the upper brick as laid. 
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mortar is in a more plastic state at the 
upper side than at the lower when the 
top brick and the pressure are applied, 
and thus a more intimate and stronger 
contact is obtained at the upper brick 
surface. 

Mr. ANDEREGG.—Since the presenta- 
tion of my paper at the annual meeting, 
one brick of each of types B, E, and S was 
sent to Mr. R. V. Stull of the National 
Bureau of Standards for the determina- 
tion of the permeabilities and other pore 
properties by his methods.'® Grateful 
acknowledgement is due to Mr. Stull 
for this courteous cooperation. The 
results reported by him are given in the 
accompanying Table I. 


TABLE I.—PORE PROPERTIES OF SINGLE SPECIMENS OF BRICK TYPES B, E, AND S. 


I was wondering if you had noticed 
that in your specimens. 

Mr. ANDEREGG.—We have broken 
several hundred two-brick beams and 
have noted about as many breaks next 
the bottom brick as against the top 
brick. 

Mr. Sratey.—The failure at the 
bottom of the mortar joint can be ac- 
counted for by loss of water. Since the 
mortar is placed on the bottom brick, 
there is some opportunity for loss of 
water from the mortar to the brick be 
fore the upper brick is placed and this 
loss of water takes place while there is 
no pressure on the mortar joint. 


The 


| Absorption, per cent® P. Filled 
| Capillary | Number of 
k P. - Coefficients 
Radius, Capillaries, | by Weight by Volume Boiling 
x1 per cent 
; (2) (3) (4) (1)/(2) (3) /(4) 
2 213 1.10 6 6674 10.95 13.23 21.80 26.91 0.83 | 0.81 97.6 
ees 679 0.59 25 900 10.62 13.41 20.38 28.47 0.79 0.72 91.1 
LR 159 400 8.46 140 12.78 | 19.29 | 22.37 | 32.04 | 0.66 | 0.70 106.1 
“(1) = Per cent by weight of water a yee by 24-hr. submersion. 
(2) = (1) followed by 5-hr. boiling and cooling. 
(3) = (1) expressed in volume per cent. + 
(4) = Per cent porosity of specimen. wh S 
. > Brick S apparently took up more water than was required to fill the pores, indicating hydration. ies i 
© These per cent values = 100 ((3)/(4))/((1)/(2)). ym ae 


Brick S has a permeability about 220 
times as great as that of brick E and yet 
a lime mortar set up or stiffens faster on 
E than on S. This may be ascribed 
to two phenomena,—the formation of a 
dense, congealed layer of lime at the 
interface of brick S, and the smaller 
suction force exerted by the larger capil- 
laries of brick S. Water is drawn up 
about 14 times as high in a tube having a 
diameter of 0.6 micron as in one with a 
diameter of 8.5 microns. 


10 Ray T. Stull and Paul V. Johnson, ‘Some Propertie 
of the Pore System in Bricks and their Relation to Frost 
Action,”’ Journal o ¥ Research, Nat. Bureau Standards 
Vol. 25, p. 711 (1940 
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RELATIONS BETWEEN RESULTS OF LABORATORY FREEZING AND 
THAWING AND SEVERAL PHYSICAL PROPERTIES OF CERTAIN 
SOFT-MUD BRICKS* 


By Joun W. McBurney! 


ree 


| 


methods of Stull and Johnson. 


cycles, 


Analyses of the data presented in 
BMS 60? show that relatively few of the 
soft-mud bricks from the New England 
district failed in 50 cycles of freezing 
and thawing according to A.S.T.M. 
Standard Methods for Sampling and 
Testing Brick (C 67 — 41),’ even though 
some of these bricks had high absorp- 
tions, high saturation coefficients, and 
relatively low strengths, and were classi- 
fied by the manufacturers as “light 
hard,” “interior,” or ‘“‘soft.” The fail- 
ures that did occur during 50 cycles were, 
in nearly all instances, on bricks failing 
to meet the physical requirements for 
grade SW of A.S.T.M. Tentative Specifi- 
cations for Building Brick (Made from 


* The presentation of this paper at the annual meeting 
was sponsored by Committee C-15 on Manufactured 
Masonry Units. 

Senior National Bureau of Standards, 


McBurney and J. Richmond, “Strength, 
and Resistance to Freezing and 
TI awing of Building Bricks Produced in the United 
States,” Building Materials and Structures Report 
BMS 60, Nat. Bureau Standards, November 5, 1940. 
31941 Supplement to Book of A.S.T.M. Standards, 
rt IT, p. 18. 
Ibid., p. 267. 


SYNOPSIS 


A sample of 50 bricks representative of the production of 10 plants making : 
_ soft-mud bricks from surface clay was subjected to the various tests prescribed 

by the current A.S.T.M. specifications. 
Freezing-and-thawing tests were made until — 
175 cycles were completed. The results of 50 cycles and 175 cycles were com- 
pared and the relations between these results and the previously measured — 
properties were considered. The relation between results of freezing and 


thawing and properties is much more definite for 175 cycles than for 50 


Additional tests were made using the __ 


Clay or Shale) (C 62 — 41 T).* 
samples of these high absorption, soft- 
mud bricks performed poorly in expo- 
sure tests. 
the results of 50 cycles of freezing and 
thawing, on the one hand, and the manu- 
facturer’s classifications, the physical 
properties usually effective in separating 
durable from nondurable bricks and the 
results of exposure tests, on the other 
hand, warrant consideration of the 
appropriateness of the specification re- 
quirements‘ for freezing and thawing. 
This is particularly true because passing 
50 cycles of freezing and thawing is 
accepted as a waiver or replacement of 
the physical requirements of grade SW. 
A secondary purpose of the present paper 
is to consider the utility of certain non- 
specification properties of brick as meas- 
ures of durability. 


SAMPLES 


Through the cooperation of Frederick 
Heath, Jr.,® five bricks from each of ten 


5 Secretary-Engincer, Colonial Clays, Inc., Worcester, 
ass. 
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7 TABLE I.—WATER ABSORPTIONS BY 24-HR. COLD IMMERSION AND BY 5-HR. BOILIN URATION 


G, SAT 
COEFFICIENTS, TRANSVERSE AND COMPRESSIVE STRENGTHS, AND RESULTS OF LABORATORY 
FREEZING AND THAWING AT 50 AND 175 CYCLES ON 50 SOFT-MUD, SURFACE-CLAY BUILDING BRICK. 
alia Water Absorption, per cent F Results of Freezing and 
Brick Saturation. Thawing, Weight s, Br 
a) fs a efficient per cent, or Number of 
24-hr. Cold Im-| 5 be. Boiling Modulus | Com- | ‘Cycles to Failure, F-c 
mersion of ive 
—— | Rupture, Strength, tha 
Test | T T T Pe 50 Cycles | Additional 
‘es t est t es’ t ycles ition 
Plant | in‘Kiln| | Ne | we | Ne | we | Ne Method B | Cycles Plant 
Method 3 
| 
3 4 5 6 7 10 u 12 
17 4.7 4.9 7.3 7.9 0.64 0.62 | 1210 7 650 0.21 0.30 
| 25 6.1 6.1 tae 8.1 0.80 0.76 1 500 12 600 0.19 0.41 
A 4 29 3.3 3.3 4.6 6.7 0.72 0.50 | 1 520 11 400 0.10 0.20 A 
| 33 4.3 4.5 6.5 8.1 0.66 | 0.56 1 480 9 750 0.11 0.15 
| 45 16.7 16.9 | 18.3 | 18.0 | 0.91 | 0.98 | 1070 4 950 0.20 F70c 
18 6.3 | 64 | 9.9 | 10.0 | 0.64 | 0.64 | 720 | 9700 0.21 0.38 
22 9.1 9.3 | 13.6 13.2 0.67 | 0.70 865 5 950 0.14 | 0.23 
B 30 13.6 13.8 18.5 17.9 0.73 | 0.77 | 635 4050 0.12 Fi2ic B 
42 17.8 18.2 22.3 21.3 0.80 | 0.85 | 560 2 650 0.41 63c 
46 19.8 20.2 24.0 22.7 0.83 0.89 425 2000 0.50 F85c 
17 8.3 9.0 11.9 12.1 0.69 0.74 1 575 7 050 0.12 0.34 
Kr! |} 13.3 13.4 16.5 16.5 0.80 0.81 | 1210 5 400 F45c zie 
Cc 41 | 15.4 15.0 18.6 18.7 0.83 0.81 915 4750 0.25 F71c © 4 
45 | 16.4 4 16.5 18.9 18.9 0.86 0.87 550 3 750 0.25 F65c 
49 18.4 | 18.3 | 20.7 | 20.2 | 0.89 | 0.91 320 2 800 1.33 F73c 
6 13.0 13.2 | 16.3 15.7 0.80 0.84 1070 5 850 0.22 F91c 
18 9.6 9.8 | 12.7 12.2 0.76 0.80 | 1105 5 500 0.24 0.41 
D 22 } 11.7 12.0 | 15.4 15.0 | 0.76 0.80 1 305 6 000 0.14 Fi44c D 
37 16.1 | 16.1 20.2 19.6 | 0.80 0.83 | 940 4 250 0.26 F62c 
45 17.8 17.7 21.9 21.2 0.81 0.84 545 2 800 0.38 F94c 
13 12.1 12.3 15.3 15.1 0.79 0.82 860 5 400 F24c pin 
22 9.0 9.1 12.4 12.0 0.73 0.76 1 320 9 200 0.23 0.26 
J 33 | 14.4 14.4 | 17.7 17.5 0.81 0.83 1 060 5 100 0.70 Fé63c E 
2 oe 42 17.4 17.9 | 20.6 20.4 0.85 0.88 980 4 300 1.12 F65c 
1 49 19.2 19.4 | 20.1 20.0 0.96 0.97 550 2 200 0.65 F108c 
tay 17 13.7 13.9 | 18.7 18.4 0.73 0.76 275° 5 050 0.31 Fi3ic { 
29 18.7 37.3 | 22.7 21.0 0.82 | 0.83 485° 5 000 F46c pad 
F 33 14.5 13.3 19.7 17.8 0.74 0.75 1 380 4700 2.55 F122c F 
41 18.4 | 17.4 | 22.3 | 20.2 | 0.82 | 0.86 955 4 150 2.25 F71c 
46 18.8 | 17.9 | 22.4 20.0 0.84 0.90 755 3 750 0.60 Filic 
17 9.7 9.8 12.2 12.0 0.79 | O81 1 600 6 400 F49c 
26 5.8 6.3 6.3? 8.1 0.93? | 0.78 1 540 9 350 0.11 0.36 
G 33 15.3 15.5 18.7 18.5 0.82 0.84 860 5 900 Fi7c G 
ya 41 | 14.8 15.4 18.7 18.5 | 0.79 | 0.83 980 5 500 F24c 
49 15.8 16.4 19.2 18.6 | 0.82 0.89 1 300 4 550 F45c e 
by 6 | 12.8 | 13.1 | 16.0 | 16.0 | 0.80 | 0.82 | 1470 | 4900 F37¢ bal 
13 12.0 12.2 15.0 15.0 0.80 0.81 940, 4750 F9ic | 
H 21 14.0 14.5 17.5 17.5 | 0.80 | 0.83 1 320 4 800 F27c okie H ! 
« 14.1 14.4 16.6 16.5 0.84 0.87 1320 4550 0.25 F109c 
45 12.3 12.8 | 16.2 | 16.1 0.76 0.80 1 400 4700 0.13 Fil3c 
| | | | 
4 . £4 1 3s 5.6 6.3 0.61 | 0.57 1 470 8 550 0.13 0.21 
26 10.9 | 11.2 13.8 13.0 0.79 0.86 1 240 7 900 0.46 0.56 
I 4 29 15.4 | 15.6 18.7 18.1 0.82 0.86 840 4 400 1.34 F83c I 
fy 42 17.2 | 16.5 19.6 | 18.0 | 0.88 | 0.92 780 3 950 0.49 F128¢ 
50 17.3 17.8 | 19.2 18.5 | 0.90 0.96 830 3 450 0.37 F87c 
4 14 15.1 15.9 19.3 18.8 | 0.78 | 0.85 980 5 350 0.40 F69c 
hack 2 «| 14.7 | 14.6 | 18.5 | 18.0 | 0.80 | 0.81 1020 5 450 F47c oa 
J 38 | 17.6 | 17.3 | 21.1 | 20.8 | 0.83 | 0.83 845 4 250 0.36 F82c J 
45 | 17.6 17.5 21.2 20.9 0.83 0.84 810 4050 0.37 F60c 
49 | 19.4 | 19.3 22.0 21.9 0.88 0.88 590 2 250 0.37 F59c 
13.46 | 13.54 | 16.66 | 16.35 | 0.795 | 0.809 
@ Tests on whole bricks made at National Bureau of Standards. eat > + 
Tests on whole bricks made in laboratory of Colonial Clays, Inc. 00 
© Cracks in brick. The 
| brick: P 
rick; 
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TABLE IJ.—WATER ABSORPTION BY 1-MIN. COLD IMMERSION, 


Freez- 
} ing an 
Brick Wat | Covi Weight Los, per 
ater } . ores | of Capil- cent, or Num 
_Absorp- — Filled by Permea- | laries per of of Cycles 
tion, 1-min. it 4 om | Boiling to bility, | Square c vil to Failure, F-c 
old Porosity® Porosity® | to Air,° Centi- lars. 
Immersion, (W/V) (V), 10 meter,? 
| Per cent (W/V)/ NX 74 50 125 Ad- 
Plant Course (C/B) 10-4 Cycles | ditional 
in Kiln Method | Cycles 
Method 3 
1 | 2 3 4 5 6 7 8 9 10 ul 
17 0.7 19.4 0.52 0.81 5.00 1 634 0.615 0.21 0.30 
25 1.2 21.0 0.62 0.78 4.06 2 357 0.533 0.19 0.41 
A 4] 29 0.6 15.7 0.47 0.65 4.05 1 322 0.608 0.10 0.20 
0.7 18.7 0.50 0.75 3.99 1 894 0.560 0.11 
| 45 5.9 36.6 0.80 0.87 4.91 5 920 0.444 0.2 | Fee 
(| 18 2.0 23.2 0.56 0.88 19.76 591 1.12 0.21 0.38 ie 
i 22 3.4 27.7 0.63 0.94 33.13 503 1.33 0.14 0.23 
B 30 6.8 33.6 0.72 0.98 39.86 616 1.32 0.12 Fi2ic 
38.9 0.76 0.95 22.84 1438 | 0.929 0.41 | Fo3c 
(| 46 8.9 41.6 0.76 0.92 13.43 2 798 0.689 0.50 F85c 
17 $a 28.6 0.56 0.80 4.80 3 670 0.496 0.12 0.34 a 
34 6.5 34.6 0.68 0.84 7.07 3 675 0.548 F45c aaai2 
¢€ 41 7.5 37.2 0.71 0.86 7.08 4 241 0.529 0.25 F71c 
45 7.8 37.4 0.74 0.86 6.71 4 522 0.514 0.25 F65c 4 
49 8.0 36.8 0.82 0.93 6.84 4 305 0.522 1.33 F73c 
6 6.0 33.4 0.69 0.87 12.52 1931 0.742 0.22 Foc 
18 2.8 29.1 0.62 0.82 8.77 2 096 0.665 0.24 0.41 
D 22 4.0 33.0 0.64 0.84 10.90 2 169 0.697 0.14 Fidéc 
37 8.8 37.0 0.74 0.93 22.01 1 349 0.743 0.26 F62c _ 
45 9.6 39.0 0.77 0.94 20.23 1 631 0.694 0.38 F94c 
13 4.2 32.8 0.67 0.84 10.18 2 292 0.675 F24c bags 
22 2.1 28.5 0.60 0.83 8.37 2 106 0.656 0.23 0.26 Z 
E 33 6.5 35.9 0.70 0.86 8.22 3 403 0.580 0.70 F63c 
42 8.0 40.2 0.72 0.84 5.22 6 700 0.437 1.12 F6Sc t*~s 
49 8.5 41.4 0.76 0.79 2.52 14 760 0.299 0.65 F108 
17 6.9 34.8 0.68 0.93 0.31 Fi3ic 
29 12.7 39.4 0.77 0.94 F46c 
F 33 7.4 36.4 0.68 0.92 1.75 16 420 0.266 2.55 F122c x 
41 10.7 41.1 0.73 0.88 1.11 33 010 0.199 2.25 F7ic 2% 
46 10.8 40.9 0.75 0.89 1.23 29 510 0.210 0.60 Fil7c t 
17 1.9 29.8 0.61 0.77 0.176 109 500 0.093 F49c aie 
26 0.6 22.2 0.54 0.58 0.186 57 500 0.099 0.11 0.36 
G 33 6.8 37.5 0.70 0.85 0.285 107 100 0.106 Fi7c eee 
41 7.0 37.9 0.66 0.84 0.251 124 200 0.099 F24c ee 
49 6.3 38.8 0.68 0.83 0.128 | 255 100 0.070 F45c ee ee 
| 
6 4.8 35.1 0.65 0.82 0.147 | 181900 0.078 F3ic ne 
13 4.3 33.3 0.66 0.83 0.171 | 140700 0.087 0.00 F91c 
H {| 21 5.7 . 37.2 0.66 0.82 0.166 | 181000 0.081 F27c ia 
| 34 5.7 35.0 0.71 0.84 0.212 125 400 0.094 0.25 F109¢ 
45 4.7 35.6 0.62 0.81 0.160 172 000 0.081 0.13 Fil3c . 
14 1.2 19.0 | 0.37 0.61 0.198 39 590 0.124 0.13 0.21 1 ¥ 
26 4.2 30.9 | 0.65 0.82 0.500 41 450 0.154 0.46 UF Gea 
al 7.3 36.8 | 0.72 0.87 0.791 37 150 0.178 1.34 F ot 
42 8.2 39.9 0.72 0.82 0.330 104 700 0.110 0.49 F128 . 
50 7.6 40.9 | 0.70 0.78 0.264 137 500 0.097 0.37 F87c 
14 7.9 38.3 | 0.66 0.85 0.493 64 600 0.138 0.40 | F69c + , 
| 26 7.6 36.7 | 0.68 0.86 0.608 48 080 0.156 Fa7c | | an 
J 38 9.8 39.8 | 0.72 0.87 =| 0.610 56 350 0.150 0.36 . aire 
45 9.6 40.6 | 0.70 0.85 | 0.583 61350 | 0.145 0.37 
49 10.6 41.7 | 0.74 0.84 | 0.456 82750 | 0.127 0.37 F59c See 


® Ratio of percentage of porosity (W) calculated from water absorption by 24-hr. cold immersion to percentage of 


porosity (V) measured by the volumetric method. 


Ratio of saturation coefficient (W/V) to saturation coefficient (C/B). Percentage pore space filled by boiling = 


100 (W/V)/(C/B). 


_ © The permeability f equals QT/AP where Q = number of cubic centimeters of air passing per second through the 
brick; P = pressure difference across the brick in grams per square centimeter; A = average cross-sectional area in square 
centimeters over which flow takes place; and T = thickness of the brick, in centimeters, through which transmission of 


he air occurs. 


The number of capillaries N equals 21.7 V2/f where V is the percentage of porosity, and f is the air permeability 


as defined in note °. 


* The mean effective radius r in microns equals 0.012 (//V)!/2, where Jf is the air permeability and V is the percentage 


f porosity. 


sy 
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New England brick plants (A to J) 
were provided. All ten of these plants 
manufacture bricks from surface clay 
by the soft-mud process and fire in up- 
draft (scove) kilns. Each sample repre- 
sented a range from bottom to top of the 
kiln and the individual bricks are num- 
bered according to the course from which 
they were taken. 


Test METHODS AND PRESENTATION 
oF DATA 


Table I presents water absorption by 
24-hr. cold immersion and by 5-hr. 
boiling, saturation coefficient (C/B) cal- 
culated from these absorptions, and 
also modulus of rupture and compressive _ 
strength for all bricks. These tests were — 
made in accordance with Methods 
C 67 -— 413 The columns headed NV 
report the results of tests made at Mr. 
Heath’s laboratory on whole-brick speci- 
mens, whereas the M results were ob- 
tained on the same whole bricks at the 
National Bureau of Standards. The 
left-hand column under the heading, 
“Results of Freezing and Thawing,” 
records either the loss in weight as a 
percentage of the dry weight or the 
number of cycles causing failure (F-c) 
up to 50 cycles of method B of Methods 
C 67 — 412 The second column under 
the same heading reports the results of 
an additional 125 cycles made according 
to method 3 of the author’s 1938 paper.® 
This method differs from method B 
in that the specimens remain totally 
immersed in water for the 48 hr. between 
groups of 5 cycles whereas with method 
B the period is used for air drying. 

Table II presents further data on 
these same bricks. These data include 
water absorption by 1-min. total immer- 
sion, porosity measured by the gas 

sj. W. Stin and A. R. Eberle, “Freezing and 

Soc. 


Thawing Tests for Building Brick,” Proceedings, Am 
Testing Mats., Vol. 38, Part II, p. 470 (1938). 
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expansion method, a saturation coeff- 
cient (W/V) consisting of the ratio of 
porosity measured by 24-hr. immersion 
in cold water to porosity by the gas 
expansion method, the ratio of W/V 
to C/B, the calculated number of capil- 
laries per square centimeter of the brick, 
and the calculated average radius of 
capillaries. All data except those pre- 
sented in columns 3, 10, and 11 were 
obtained using the apparatus and meth- 
ods described by Stull and Johnson.’ 
The data from Table I for freezing and 
thawing results are reproduced in Table 


If for convenience in comparing 
Telations. 
Discussion OF DATA ines 


of Tests: 

The M and N columns in Table I 
provide comparisons of tests made by 
one laboratory with those made by a 
different laboratory on the same bricks. 
The agreement is not so good as that 
reported by Krefeld* for a similar com- 
parison. An explanation offered for this 
relatively poor agreement is that these 
New England brick have very fine pore 
structures as shown by comparing the 
average radius of capillaries reported in 
Table II with the corresponding measure- 
ments reported by Stull and Johnson.’ 
Since the 5-hr. boiling test produces 
only a partial filling of the pores of such 
brick, low ratios obtain for the porosity 
measured by 5-hr. boiling to porosity 
measured by the gas-expansion method. 
Furthermore, the degree of filling the 
pores of such bricks by absorption 
methods varies with small differences in 
the technique used. The poor repro- 

T. Stull and P. V. Johnson, “Some Properties of 
ee Pore System in Bricks and Their Relation to Frost 
Action,”” Journal of Research, Nat. Bureau Standards, 
Vol. 25, December, 1940, p. 711 (RP 1349). 

8W. J. Krefeld and J. W. McBurney, ‘ 


Standard Tests on Buildin 
ASTM Bu ttetin, No. 9%, 


‘Comparison of 
Brick by Two Laboratories,” 
anuary, 1939, p. 7. 
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ducibility of absorption tests on bricks 
with (W/V)/(C/B) ratios less than 
unity has been previously noted.° 

The averages for these absorptions 
and saturation coefficients (C/B) are 
given in Table I. The mean deviations 
are 0.34 per cent for water absorption by 


TABLE III.—COMPARISON OF RESULTS OF 50 AND 175 CYCLES OF FREEZING AND THAWING WITH T os 
ABSORPTIONS, SATURATION COEFFICIENTS AND STRENGTHS OF 50 SOFT-MUD, SURFACE-CLAY __ 


P = passed, F = 


failed, T = total bricks in range. 
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cients determined by laboratory N are 
greater in 39 tests and less in only 6 
tests than are the corresponding satura- 
tion coefficients determined by labora- 
tory M, there is no evidence that one 
series of tests is more accurate than the 
other. The figure for water absorption 


IN Number | 
Range Within 24%| Range Within e wie 
Which All. [22 Which Bricks Both | Bricks ich All. | 
pe cl Bricks Passed* | Passed and Failed* — | pricks Failed*) 53 
es Z | Z. 
Water Absorptions: 
1-min. cold immersion (0.6 J 0.6 to 1.2 6 1.9 to 10.8 29 | 14 | 43 12.7° 1 
to 12.7 per cent) \! 175 | 0.6 to 1.2 6 1.9 to 4.2 6| 3. 9| 4.3 to 12.7 35 
ll 9.7 to 19.8 24 15 | 39 
24-hr. cold immersion (3.4 | 50 | 3.4 to 9.6 
175 | 3.4 to 9.6 11 9.7 to 10.9 (M) 1 1 2 | 11.7 to 19.8 37 
to 19.8 per cent) { 9.8 to 11.2 (N) 
{| 50 | 4.6 to11.9 | 8 | 12.2 to 24.0 27} 15 | 42 é 
per { 75 | 46 | 8 | 122 (M) | 4) 1) 37 
12.0 to 13.2 (NV) 
Saturation Coefficients: 
50 | 0.61 to 0.73 10 0.74 to 0.96 25 | 15 | 40 ° ie 
B (0.61 to 0.96) 175 | 0.61 to 0.72 7 0.73 to 0.80(M) 5 | 17 | 22 | 0.81 to 0.96 21 
0.75 to 0.80 (V) 
50 | 0.37 to 0.60 8 | 0.61 to 0.80 14 | 41 0.82/ 1 
{| | 0337 to | 8 | to 0:65 4| 8| 0.66t00.82 | 34 
Str 
M of (275 to { 50 275 to 1600 35 | 15) 50 
1600 psi. 175 g 275 to 1600 12 | 38 | 50 g 
(2000 { 50 | 7050 to 12600 | 10 | 2000 to 6400 25 | 15 | 40 
to 12 600 175 | 7050 to 12 600 10 5500 to 6400 2! 5) 7 | 2000 to 5450 33 
Porosity: 
(volume) (15.7 to 41.6 per { 50 5.7 to 29.1 11 29.8 to 41.7 24 15 | 39 ° : 
cent) U 175 | 15.7 to 29.1 il 29.8 to 30.9 1 1 2| 32.8 to 4.7 37 


“ The criterion for passing is no breakage or loss in weight not exceeding 1.0 per cent at stated number of cycles. __ 
> The brick with the next highest absorption (10.8 per cent) passed. * 


© The brick with the highest absorption (19.8 per cent) pas: 


The brick with the highest absorption (24.0 per cent) passed. mt 
© The brick with the highest saturation coefficient C/B (0.96) passed. : 
The brick with the highest saturation coefficient W/V (0.82) 
_% Failures occurred at random throughout the entire range including the brick with highest modulus of rupture (1600 


psi. 
k The brick with the lowest strength passed. 
* The brick with the highest porosity passed. 


24-hr. cold immersion, 0.62 per cent for 
absorption by 5-hr. boiling and 0.038 
for the saturation coefficient. Although 
there appear to be systematic differences 
in the results since the saturation coeffi- 


Joseph C. Richmond and John W. McBurney, “Effect 
Freezing Temperature in Freezing-and-Thawing Tests 
Brick,’’ Proceedings, Am. Soc. Testing Mats., Vol. 41, 
967 (1941). 


sect 


‘ 


by 5-hr. boiling and the corresponding 
saturation coefficient reported by labora- 
tory M for brick specimen G26 is 
probably in error since other results, such 
as porosity and resistance to freezing 
and thawing indicate a lower absorption. 
Unless otherwise noted, subsequent dis- 
cussions will be limited to data resulting 
from tests by laboratory M. 
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Relations Between Water A bsorptions and 
Resistance to Freezing and Thawing: 


From inspection of the data presented 
in Tables I and II, it is evident that the 
results of freezing and thawing are 
related to the water absorptions of the 
bricks. Considering the results of 175 


cycles, there is a range of low absorp- 
tions where no failures take place, an 


intermediate range where both failures 
and passes occur, and a high range where 
all brick fail. For the purposes of this 
paper, a brick was considered as having 
failed when it became broken or under- 
went a 1 per cent loss of its dry weight. 
Table III presents these ranges fixed 
by the results of 50 and 175 cycles and 
indicates the number of specimens 
occurring in each range 

The results of both 50 and 175 cycles 


fix definite absorption limits (1.2 per 
- cent for 1-min. immersion, 9.6 per cent 


for 24-hr. immersion, and 11.9 per cent 
for 5-hr. boiling) under which no failures 
occur. Above these limits the results 
of 50 cycles are practically random 
mixtures of passing and failing. The 
effect of 175 cycles is to lower the upper 
limit of this indeterminate range and to 
establish a new range within which all 
bricks fail. In other words, 50 cycles 
selects the absorption limit below which 
no failures take place as effectively as is 
done by 175 cycles, but above this limit 
a more severe test is required to differen- 
tiate between more durable and less 
durable bricks. 


Relation Between Saturation Coefficients 


and Resistance to Freezing and 
Thawing: 
Saturation coefficients calculated 


either from absorption by 5-hr. boiling 
(C/B) or from porosity determined by 
the gas-expansion method (W/V) closely 
resemble absorptions in the manner in 
which they distinguish durable from non- 
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durable brick as measured by results of 
freezing and thawing. The effect of 175 
cycles compared with 50 cycles was to 
lower the saturation coefficient (C/B) 
associated with a failure from 0.74 to 
0.73. At 50 cycles the range 0.74 to 
0.96 was random and _ indeterminate 
although only one failure occurred 
below 0.78. For 175 cycles, all bricks 
with C/B-ratios (saturation coefficients) 
exceeding 0.80 failed, 12 out of 15 failed 
in the range 0.78 to 0.80, and 2 passed 
and 5 failed between 0.73 and 0.77. 
The two bricks (B30 and F17) which 
failed with saturation coefficients of 0.73 
measured by laboratory M had coeffi- 
cients of 0.77 and 0.76, respectively, 
according to laboratory NV. 

All of the bricks included in this 
investigation are of such nature that 
5-hr. boiling does not completely fill 
the pores and these bricks therefore have 
saturation coefficients (W/V) which are 
significantly lower than those measured 
by boiling (C/B). The total range for 
W/V ratios is 0.37 to 0.82 whereas the 
corresponding C/B ratios range from 
0.61 to 0.96. Considering the results of 
175 cycles of freezing and thawing, all 
bricks with W/V values of 0.60 or less 
passed and all bricks in the range from 
0.66 to 0.82 (maximum) failed. The 8 
bricks in the indeterminate range 0.61 
to 0.65 classified as 4 passes and 4 fail- 
ures. With the exception of B22 (W/V 
of 0.63, C/B of 0.67 and (W/V)/(C/B) 
of 0.94) all of these 8 bricks had C/B 
ratios in the range 0.76 to 0.80. The 
apparently greater precision of the W/V 
ratio compared with the C/B ratio in 
separating durable from nondurable 
bricks measured by the results of 175 
cycles may, in part, be explained by the 
greater accuracy and reproducibility of 
measurements by the gas-expansion 
method on this type of brick. The 
available data provide no information 
as to whether the zone dividing durable 
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from nondurable bricks would conform 
to the numerical limits for the C/B 
ratio or for the W/V ratio if freezing- 
and-thawing tests, corresponding in se- 
verity to the 175 cycles here reported, 
were used on brick samples with 
(W/V)/(C/B) ratios of unity. 


Relation Between Strengths and Resistance 
to Freezing and Thawing: 


Modulus of rupture is not related to 
durability according to the data here 
presented. The brick (G17) with the 
highest modulus of rupture (1600 psi.) 
failed in less than 50 cycles. Brick 
F17 required 70 cycles to produce failure 
and had a modulus of rupture of 275 psi. 
Passes and failures occurred at random 
between these limits. Compressive 
strength, however, compares favorably 
with absorption and the saturation 
coefficients in its relation to the results 
of 175 cycles of freezing and thawing. 
All bricks with compressive strengths of 
less than 5500 psi. failed. All bricks 
exceeding 6400 psi. passed. The inter- 
mediate range included 7 bricks of which 
2 passed and 5 failed. 


Relations of Porosity, Air Permeability 
and Pore System to Resistance to 
Freezing and Thawing: 


The values of porosity, determined by 
the gas-expansion method, are excel- 
lently related to the results of 175 
cycles of freezing and thawing. The 
precision with which this porosity meas- 
urement separates durable from non- 
durable brick is equalled only by the 
results of water absorption by 24-hr. 
cold immersion. The overlapping range 
for porosity (29.8 to 30.9 per cent) 
includes the same two bricks (G17 and 
126) which are included in the corre- 
sponding overlapping range for absorp- 
tion by 24-hr. cold immersion (9.7 to 
10.9 per 


=. 
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The values for air permeability, ex- 
pressed as f X 10*, range from 0.128 
to 39.86 and are not correlated with the 
results of freezing and thawing. Each 
sample has its own characteristic range 
in permeability. 

The values for average radius of 
capillaries and number of capillaries per 
unit area are calculated’? from the 
porosity and air-permeability measure- 
ments and are poorly correlated with 
results of freezing and thawing. The 
average radius ranges from 0.081 to 
1.33 yw and, like permeability, varies 
more from sample to sample than 
within a given sample. The “‘number of 
capillaries (V) per square centimeter” 
ranges from 503 X 10* to 255,000 X 
10.4 In general, the higher N’s in 
any given sample are associated with 
failures by freezing and thawing but 
each sample has its own limits and these 
limits vary from sample to sample 
within a wide range. 


SUMMARY AND CONCLUSIONS 


A sample of five bricks was collected 
from each of ten plants which manufac- 
tured bricks from surface clay by the 
soft-mud process. Each sample repre- 
sented the temperature range of firing of 
a kiln. In addition to the customary 
determination of absorption, saturation 
coefficient, and strength, measurements 
were made of porosity and air permea- 
bility. All bricks were then subjected 
to 50 cycles of freezing and thawing, 
using method B of A.S.T.M. Method 
C 673 The surviving bricks were then 
given 125 additional cycles by a method 
which did not prevent increase in 
saturation. The data were analyzed to 
determine what relations, if any, exist 
between various properties and the 
results of freezing and thawing. 


10 The reader is referred to page 719 of Stull and John- 

in the calculation of these values. 
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It should be emphasized that the 
following conclusions do not necessarily 
_ apply to types of bricks other than those 
tested. 
1. Fifty cycles of freezing and thawing 
_ by method B caused 15 failures out of 50 
bricks, whereas 125 additional cycles 
caused 23 additional failures. 
2. Where properties of bricks are 
related to durability, 50 cycles of freezing 
- and thawing establish a limit for a 
_ particular property on one side of which 
limit no failures take place and on the 
other side of which limit a random mix- 
ture of failures and passes occur. 
3. The effect of 175 cycles of freezing 
_ and thawing is to leave unchanged the 
limit on one side of which no failures 
occur. The range which includes the 
_ random mixture of failures and passes is, 
however, divided by a second limit into 
a much smaller range where the results 
- continue to be random and into a range 
where all bricks fail. 
4. The following properties of the 
bricks are sufficiently well correlated with 
the results of 175 cycles of freezing and 
thawing to permit limits to be established 
between the range for no failure, random 
failure, and complete failure; porosity 
measured by the gas-expansion method; 
water absorptions by 1-min. cold im- 
mersion, by 24-hr. cold immersion, and 
by 5-hr. boiling; saturation coefficients 
measured by porosity (W/V) and by 
boiling (C/B); and compressive strength. 
_§. The following pairs of values for 
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bar 


the above-listed properties 
the limits for the range of each property 
within which random failures and passes 
occur. The figures in parentheses repre- 
sent the number of specimens within 
these limits. Porosity (2) 29.8 to 30.9 
per cent; water absorption by 1-min. 
cold immersion (9) 1.9 to 4.2 per cent; 
by 24-hr. cold immersion (2) 9.7 to 10.9 
per cent; by 5-hr. boiling (5) 12.2 to 
13.8 per cent; saturation coefficient by 
porosity, W/V, (8) 0.61 to 0.65; by 
5-hr. boiling, C/B, (22) 0.73 to 0.80; 
and compressive strength (7) 5500 to 
6400 psi. 

6. The following properties of the 
bricks are so poorly correlated with 
durability that limits cannot be estab- 
lished: air permeability, number of 
capillaries per unit area, average radius 
of capillaries, and modulus of rupture. 

7. In so far as passing a freezing-and- 
thawing test is accepted as permitting a 
waiver of the physical properties re- 
quired for acceptance in the SW grade 
of the A.S.T.M. Specifications for Build- 
ing Brick (C 62), a more severe test 
than 50 cycles should be prescribed. 
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AN ANALYSIS OF THE URANYL OXALATE ACTINOMETER AS APPLIED a: 

F. T. Bowprrcu,! C. E. Gremer,! anp C. G. OLLINGER? 


' vat The paper discusses the practical usefulness of the uranyl oxalate actinom- 


SYNOPSIS 


» sl eter as defined by the Society’s Committee D-11 on Rubber Products.* 
zal Through application of the spectral sensitivity characteristics of uranyl] sulfate 
€ °s decomposition to the spectral energy distribution characteristics of typical 
h “at sources of radiant energy used in accelerated testing, it is shown that this 
actinometer cannot be used to determine the equivalence of different sources; 
f Al the spectral energy distributions of two such sources at intensities giving _ 
. ay identical uranyl oxalate response are shown to be very widely different. : ws 
is athe The usefulness of the uranyl oxalate actinometer in checking the constancy é. ast 
i ay of a source of given spectral composition is pointed out, and practical modi- 7 4 
|- Br tak fications in the method designed to simplify its use in the average laboratory __ 
a are discussed. 
le The increasing use of artificial sources of the data necessary for its acceptance 
1- of radiation in the accelerated testing of as a standard procedure, while its 
st materials has produced a demand for a application to the accelerated testing 
simple means for the evaluation of such of rubber has been investigated recently __ 
a source. A procedure designed to ac- by Werkenthin and associates.6 The 
complish this result, which is included proposed method depends on the fact = 
Z- in a Federal specification for the testing that oxalic acid in the presence of wie 
Ny of rubber‘ and which has been proposed uranium salts is decomposed by ultra- | ri 
l. recently as an A.S.T.M. standard violet radiation and that the amount of ae 
yn method,’ is the photochemical decompo- this decomposition can be readily de- Oa 
Vy sition of a solution of uranyl oxalate. termined by the standard analytical eer 
This paper presents some of the results procedure of titration with permanga- yee 
obtained in our investigation of this nate solution. It thus has the advan- ih 7 
method. tage of being a method that can be ig 
The study of this reaction by Forbes ————— . Wat 
5 : 5 W. G. Leighton and G. S. Forbes, ‘Precision Actinom- 
and his associates’ has provided much _ etry with Urany! Oxalate,’’ Journal, Am. Chemical Soc., ay tts 
Vol. 52, pp. 3139-3152 (1950). 
rackett and G. S. Forbes, “‘Actinometry with 
1 Research Engineers, Research Laboratories, National Urany! Oxalate,”’ Journal, Am. Chemical Soc., Vol. 55, + 
Carbon Co., Inc., Cleveland, Ohio. p. 4459 (1933). a 
2 Manager, Lamp Dept., Carbon Sales Division, National G. S. Forbes and L. J. Heidt, “Optimum Concentra- 9 
Carbon Co., Inc., Cleveland, Ohio. tions of Uranyl Oxalate for Actinometry,” a 
Proposed Method of C alibrating a Light Source Used Journal, 1, Am. Chemical Soc., p. M4. (1934), 
for Accelerating the Deterioration of Rubber, Proceedings, ‘T. A. Werkenthin, David son,R.F.Thornley 
Am. Soc Soc. Testing Mats., Vol. 40, p. 385 (1940). and R. E. Morris, * ‘Equipment for Accelerated Light Aging eee 


4 Rubber Goods: General Specifications (Methods of 
Physical Tests and Analyses), Federal Specification Zz-R- 
Ola, pp. 24-29, June, 1940. 


it 


Aas 


of Rubber and Means of Evaluation of Ultraviolet Light 
and Sunlight,’’ India Rubber World, Vol. 105, pp. 143-146; 
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carried out in any laboratory, with 
materials and apparatus readily avail- 
able, and on an absolute basis which 
may be duplicated by careful users 
everywhere. 


EVALUATION OF PERFORMANCE 


An essential step in the evaluation of 
this method is the determination of the 
spectral sensitivity of oxalic acid de- 
composition. This, as calculated from 
the data of Forbes, is shown in Fig. 1. 
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Wave Length, A 


Fic. 1.—Wave Length Sensitivity of Uranyl 
Oxalate Solution. 


Decomposition is produced by radiation 
throughout the entire range of the 
ultraviolet, as well as by the violet and 
blue of the visible spectrum, with a 
gradually decreasing effectiveness with 
increasing wave length. The solid curve 
shown was calculated for a depth of 
solution of 0.7 cm., since this is the 
average value found with the cells 
having a nominal] thickness of 1 cm., 
which we used for this work. As 
indicated by the dotted curve, and as 
will be shown later, the spectral sensi- 
tivity of the reaction’ is materially 
altered by a change in length of the 
light path through the solution, so that 
conclusions must be drawn with this 
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variation in mind. The response of the 
solution is nevertheless in the general 
range of the spectrum believed to be 
most effective in accelerated testing, and 
to this extent it is suited to the intended 
purpose. 

However, a measuring method of this 
sort can do no more than evaluate the 
ability of a source to promote a specific 
photoreaction. The broad fields of ac- 
celerated weathering and fading en- 
compass many such reactions, no doubt 
very widely different in spectral sensi- 
tivity, so that the response of any one of 
them is not a safe measure of the relative 
behavior of any of the others. This 
problem is much more complicated than 
that involved in the measurement of the 
visual intensities of a number of differ- 
ently colored light sources, for example. 
In the latter case there is only the single 
photochemical reaction of the human eye 
to be considered, so that a photocell 
with a suitable filter can be chosen to 
give accurate results. The present prob- 
lem might be compared to that of 
developing a measure of visibility if no 
two pairs of eyes saw things alike, with 
some having maximum sensitivity in 
the blue, some in the green, some in the 
red and so on in endless variation. A 
complete specification of the spectral 
energy distribution of the source would 
then be the only satisfactory measure 
of visual intensity, just as it is in the 
evaluation of the potency of a source 
for accelerated testing. 

Using a given source of constant 
relative energy distribution, however, 
a test method such as the uranyl 
oxalate actinometer can be safely used 
to determine the absolute intensity of 
that source from time to time as it may 
fluctuate with line voltage, with the 
fogging of glass enclosures, or with other 
factors which affect the radiant energy 
at all wave lengths in substantially 
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equal amount. That this instrument, 
or any other based upon the summation 
of effects at different wave lengths into 
a single quantity, cannot be employed 
for the relative evaluation of sources of 
widely different spectral characteristics 
is apparent from the following illus- 
trative example. 
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in engineering calculations for places 
near sea level.” The artificial sources 
are an open-flame “Sunshine” carbon 
arc operated at 60 amp., 50-volts a.c. 
with a filter of ““Corex D” glass, and a 
plain carbon arc enclosed in a Pyrex 
globe, operating at 16 amp., 138 volts 
a.c. In Fig. 2 the distances of the two 


—— Standard Sunlight 


° 


1 meter distance 
750 


o——o QOpen-flame Sunshine Carbon Arc 
with Corex D Filter - 60 amp. 50 volts a.c. 


16 amp. 138 volts a.c. 
94cm. distance 


| 
e---@ Enclosed Plain Carbon Arc - / 


Relative Intensity, microwatts per sq. cm. per 100A 
oI 
S 


! 
iv 
‘ 
3000 4000 


The curves of Figs. 2 and 3 give the 
distribution of radiant energy through- 
out the ultraviolet, violet, and blue 
portions of the spectrum for three 
sources of radiant energy commonly 
used in accelerated testing. The data 
for sunlight are those proposed by 
Moon’ for use “whenever a single 


standard solar-radiation curve is needed 


arcs are so adjusted that each gives the 
same total amount of ultraviolet as 
natural sunlight. 

Figure 3 shows the spectral energy 
distribution of the same three sources, 
but this time at distances which give 


7 Parry Moon, “Proposed Standard Solar-Radiation 
Curves for Engineering Use,’’ Journal, Franklin Inst., Vol. 
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not the same amount of total ultraviolet much higher intensity than sunlight ir ae 
but the same response with the uranyl the part of the ultraviolet nearest the J onci, 
oxalate actinometer. In other words, visible spectrum (3500 to 4000 A ey a 

the actinometer says that the intensities Assume that a particular photochemica five t 
: of these three sources are identical. reaction to be accelerated with one of Bes Es 
any 
prim: 
| | 1 twee! 
ot 2000 | | Fig. 
S Open-flame Sunshine ener; 
Carbon Arc with Corex D inf 
5 Filter - 60 amp. 50 volts a.c. on 
st 78cm. distance \ lent 
| pecte 
i 1500 e---e Enclosed Plain Carbon Arc - user, 
16 amp. 138 voltsa.c. 
the 
const 
2 case 
3 
c 
2 TI 
cells 
= ignat 
ness, 
diati 
0 4500 work 
is 
Psi “se Fro. 3. —Spectral Energy Distribution of Light Sources with Same Uranyl Oxalate Response. that 
Actually, the Sunshine carbon arc has a_ these sources is induced primarily by § not t 
somewhat higher intensity than sun- energy of wave lengths between 3000 § ther 
ly light throughout practically the entire and 3500 A. In this region, the Sun- § pe a 
3s) 4 ultraviolet, while the enclosed carbon _ shine arc delivers almost 600, sunshine a § ferrj; 
is arc has very little i of wave little over 400, and the enclosed arc § thick 
lengths shorter than 3500 A and a very only about 50 microwatts per sq. cm. 


t 
@ 


On the other hand, in the near-visual 
wave length region around 3900 A, the 
enclosed arc is almost three times as 
intense as the Sunshine arc, and over 
five times as intense as sunshine, so that 
any photochemical reaction promoted 
primarily by radiation in this region 
will be accelerated much faster by this 
source than by either of the others at 
the distances chosen. 

Thus, even though the urany] oxalate 
actinometer can tell no difference be- 
tween the three sources indicated by 
Fig. 3, it is obvious that their spectral 
energy distribution characteristics are 
in fact quite different and that equiva- 
lent test results with a wide variety of 
photochemical reactions cannot be ex- 
pected from all three sources. The 
user, then, should pick the source whose 
spectral energy distribution most nearly 
satisfies his requirements, and employ 
the actinometer solely as a check on the 
constancy of that source—not in any 
case to compare its photochemical ef- 
fectiveness with that of any other source. 


SUGGESTED MODIFICATIONS OF 
PROCEDURE 


The procedure proposed by Committee 
D-11' for the application of this method 
requires the use of two types of quartz 
cells to hold the solution. The one des- 
ignated as standard has a solution thick- 
ness, measured in the direction of the ra- 
diation, of 3 cm., while the corresponding 
value for the working cell is a little less 
than 1 cm. Values obtained with the 
working cell are referred to the standard 
cell by means of a conversion factor. 
This procedure is open to the objection 
that the relative response of the cell to 
radiation of different wave lengths is 
not the same for the two thicknesses and 
therefore the conversion factor will not 
be a constant one for all sources. Re- 
ferring to Fig. 1, in the range of cell 
thicknesses practically employed, the 


ad 
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solution absorbs all the radiation of 
wave lengths shorter than about 3200 A. 
In this region, therefore, the amount of 
decomposition is independent of solution 
thickness. At longer wave lengths, how- 
ever, the solution is partially trans- 
parent. The amount of radiation 
absorbed and thus the amount of photo- 
chemical reaction therefore increases 
materially with increasing solution thick- 
ness. As shown by the dotted curve, 
the amount of decomposition caused by 
energy of wave lengths longer than 
3600 A is more than twice as great for 
the 3 cm. as for the 1 cm. cell. Since 
the relative amounts of energy at the 
different wave lengths vary from one 
source to another, a factor to convert 
readings from one cell to the other will 
hold only for the source with which it 
was determined. For this reason, it 
would be preferable either to omit the 
standard cell altogether, as is done in 
the similar Federal specification, or to 
make it of the same nominal thickness 
as that of the working cell. 

The proposed A.S.T.M. method also 
describes a modification for the measure- 
ment of the intensity of ultraviolet of 
wave lengths shorter than 3350 A which 
involves readings taken with and with- 
out a filter which absorbs this radiation. 
The difference between these readings, 
after correction for reflection losses, is 
taken as a measure of the energy cut 
off by this filter. Such a procedure will 
give a reasonably accurate measure of 
the quantity desired only if the average 
of a considerable number of readings is 
taken with and without the filter. Ifa 
single pair of readings is depended on, 
small and unavoidable variations in the 
measured intensity may be enormously 
magnified in the difference, introducing 
a large measure of uncertainty into the 
final result. As an illustration, assume 
that the actinometer readings may vary 
by +2 per cent from the true value, and 
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- that the difference to be measured is 


10 per cent of the actinometer reading 
without the filter. We then have: 


850 


Without With 

= Filter Filter Difference 
Maximum variation... .. 102 91.8 13.8 
Minimum variation... .. 98 88.2 6.2 


A variation of +2 per cent in the 
ne original readings thus appears as a 


possible variation of over 2:1 in the 
final value, giving a grossly inaccurate 
measure of the true ultraviolet intensity 

. 
Ska of the source. On account of the time 
a! in and care required to obtain accurate 


values by the difference method, its use 
is therefore undesirable as a routine 
procedure. 

The proposed procedure also requires 
that the solution after exposure be 
diluted by no more than about 50 per 
cent before titration. Since the stand- 
ard permanganate titration should be 
carried out at not less than 60C., it 
thus becomes necessary to provide 
special means for heating the sample 
during titration; otherwise the relatively 
large volume of cold permanganate solu- 
tion added would cool the solution below 
this point. We have found that these 
departures from standard analytical 
practice are not necessary. If the 
solution just before titration is diluted 


as 


| 


with about 200 ml. of boiling water plus 
the necessary acid, no further heating is 
necessary and the accuracy of the test 
is not materially affected. This re- 
quirement of minimum dilution was 
apparently established in the original 
work by Forbes and his associates,° 
in which very small volumes of solution 
were handled. Under the conditions of 
the present test, its use does not add 
appreciably to the precision of the results 
and it might well be omitted. 

It is also’ specified that suitable pre- 
cautions shall be taken against undue 
exposure of the solution to room light. 
Some idea of the care necessary may be 
obtained from our results of exposure of 
the solution for several hours at about 
3 ft. from a north window on a clear day 
This exposure caused the oxalic acid to 
decompose at the rate of between 4 and 
5 per cent per hour. The smallest de- 
tectable amount of decomposition, based 
upon our laboratory experience with 
the specified solutions in the quantities 
required, is that which would be pro- 
duced by an exposure of two to three 
minutes to strong north light. Thus, 
while careless exposure to room light 
should, of course, be avoided, extreme 
precautions in Bot regard are un- 
necessary. 
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STANDARD METHOD FOR THE CRUCIBLE SWELLING 
TEST FOR COAL 

By H. N. Ostsore,' H. R. LiwBacuer,! AND RALPH A. SHERMAN! 


SYNOPSIS 


The British Standard Method for the Crucible Swelling Test for Coal, in 
which a 1-g. sample of coal is heated in a silica crucible over a gas burner at a 
prescribed rate to form a coke button which is compared to a series of standard 
outlines for determination of the swelling number, has been investigated by 
the authors for coals of the United States. The particle size and small vari- 
ations in the weight of the sample are shown to have little effect on the results. 
The principal variable that affects the swelling of the coal is the method of 
application of heat to: the crucible. Most of the heat must be applied to 
the bottom, and, for this reason, a gas burner, as prescribed by the British 
Method, is found to be more suitable than the types of electric heating that 
have been tried. 

With the exception of one laboratory, good check results were obtained on 
the same samples distributed to several laboratories. 

Data are presented on the relation of the swelling indexes of a number of 
coals to the performance of these coals on residential stokers. The swelling 
index is found to be a good indication of the suitability of the coal for perfor- 
mance on these stokers from the standpoint of the coking characteristics. 
Data are presented from an eastern electric utility that show that the indexes 


are helpful in the selection of coal for industrial underfeed stokers. 


All concerned with the combustion of 
bituminous coal have observed the 
varying degrees of expansion or swelling 
exhibited by different coals, and many 
have voiced the need for a simple, easily 
duplicated, standard test for the meas- 
urement of these properties that the 
performance of the coals in fuel beds may 
be predicted. Although the swelling 
property of coal has been defined in 
many ways, for the purpose of this 
paper, the definition agreed upon by 
Subcommittee XV on Plasticity and 
Swelling of Coal of the Society’s Com- 


1 Research Engineer, Research Engineer, and Super- 
isor of Fuels Division, respectively, Battelle Memorial 


nstitute, Columbus, Ohio. Fe 


mittee D-5 on Coal and Coke’ will 
suffice: 

“Free Swelling is the property of cer- 
tain coals when heated, without restrain- 
ing influence, to expand freely in volume, 
as in the volatile matter test or when 
burned as a fuel. 

“Expansion is the property of certain 
coals to change in volume when car- 
bonized, with restraining influence, as 
in a coke oven.” 

Thus a distinction is made between 
the changes taking place when coal is 
burned in a fuel bed or carbonized in a 

2 Minutes of meeting of Subcommittee XV on Plasticity 


and Swelling of Coal of the Society’s Committee D-5, held 
June 28, 1937. 
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Matter Determination, by Heating over a Meker 
lling Test for Coal. 


thod for the Crucible Swe 


Method for the Crucible Swelling Test for Coal. 
Furnace for Volatile 


ndard Electric 
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Residue from British Standard 


Residue from volatile matter test, electric furnace method, 10-cc. platinum crucible. 


Burner and Using the Britis 


Fic, 1.—Coke Buttons Obtained by Heating in Sta 
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coke oven, indicating the need of more 
than one type of test. 

Numerous test methods and apparatus 
have been developed to determine the 
expansion and swelling properties of coal. 
Among the tests for the expanding prop- 
erties, some of which are described by 
Malleis,? are: (1) Altieri method, (2) 
Bethlehem method, (3) U. S. Bureau 
of Mines ovens, and (4) Pennsylvania 
State College Laboratory scale oven. 
For the measurement of the swelling 
properties, the following have been de- 
veloped: (1) Agglutinating test, (2) Ex- 
amination and determination of volume 
of coke button from standard volatile- 
matter test (Fuels Research Laboratory 
test), and (3) the British Standard 
Method for the Crucible Swelling Test 
for Coal.‘ 

As described by Malleis,* the Agglu- 
tinating Test in which the crushing 


strength of coke buttons formed by _ 
carbonization of mixtures of coal and ~ 


an inert material as sand or silicon car- 


bide seems to have little value as a 
reliable, readily duplicated index of the © 


probable coking or caking properties 
of coal. Malleis showed, however, that 
it has been found to be of value for 
special investigations such as detecting 
deterioration of coking properties due 
to storage. The use of a crucible 
swelling test for the determination of the 
free swelling property of a coal is by no 
means a recent innovation, as both 
Malleis* and Rose and Sebastian’ in- 
dicated that the coke button resulting 
from the standard volatile-matter test 
is an indication of the coking property 
of the coal. Both investigators referred 

30.0. Malleis, “Laboratory Tests Relating to Caking, 
Plastic, Gas- and Coke-Making Properties of Bituminous 
Coals,” Proceedings, Am. Soc. Testing Mats., Vol. 37, 
Part IT, p. 402 (1937). 

4 British Standard Method for the Crucible Swelling 
a for Coal, British Standards Institution, No. 804-1938, 
uly, 1938. 


aa 1 Rose and J. S. Sebastion, “‘Changes in Proper- 
ties of Coking Coals Due to Moderate Oxidation During 


Seerags, Transactions, Coal Division, Am. Inst. Mining 
and et 


allurgical Engrs., Vol. 88, p. 556 (1930). 
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to the coke buttons as being “swollen” 
buttons. However, it has been shown 
that the size of the button from this 
test is quite dependent upon the type of 
heating employed. Figure 1’ illustrates 
this point. Table I lists the coals from 
which these coke buttons were made. 

The electric furnace method resulted 
in smaller buttons than the gas flame 
method. This is particularly evident 
in a comparison of the coke buttons 
made by the two methods for the low- 
volatile Pocahontas No. 3 coal. The 
British Standard Method gave larger 
buttons than those formed by either of 
the two standard volatile determination 
methods. 


TABLE I.—COALS USED IN MAKING COKE a 
BUTTONS ILLUSTRATED IN FIG. 1. 
Volatile Matter, 


Coke Button Coal Seam Dry Basis, per cent 

Lower Kittanning 17.0 
B..... Pittsburgh 35.6 
C..... Beckley 20.5 
-D..... Pocahontas No. 3 19.0 
E..... Illinois No. 6 36.1 
F..... Sewell 26.3 
G..... Kentucky High Splint 39.0 


The fact that the British Crucible 
Swelling Test had been adopted by the 
British Standards Institution led to its 
selection for trial and for further in- 
vestigation after the trials showed it to 
hold promise of being a quick, simple 
test with a high order of duplicability 
and with significance in combustion of 
coal in fuel beds. 

This paper describes the method with 
such modifications as have been required, 
and discusses, (1) the effect of the par- 
ticle size of the sample, (2) the effect of 
variations in the weight of sample, (3) 
the effect of variations in the rate of 

6 Discussion by Ralph A. Sherman of paper by O. O. 


Malleis, hgueanaeey Tests Relating to Caking, lastic, 


Gas- and Coke- ing Properties of Bituminous Coals. 
Proceedings, 


Soc. Testing -Mats., Vol. 37, Part Il, 
p. 417 (1937). 


7 W.A. Selvig, ‘Experience with Results of Tests Using 
British Standard Method for the Crucible Swelling Test 
for Coals,” Private communication to Ralph A. Sherman, 
October 24, 1939. 
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BURNER ASSEMBLY SIGHT TUBE 


Fic. 2. —Details al Burner Assembly and Sight Tube Construction for British Standard Method 
for the Crucible Swelling Test for Coal. 
or the Cruci welling Test for Coa ae whoa 


heating, (4) the order of duplicability 
of results by different laboratories, (5) 
some trials of electric heating to replace 
gas heating, and (6) the significance of 
the swelling index with relation to the 
performance of coals on residential and 
ndustrial underfeed stokers. 


Test EQUIPMENT 


The test method as described by the 
British Standard consists essentially 
of heating 1 g. of coal, in a covered 
silica crucible in the flame of a gas 
burner so adjusted as to give a tempera- 
ture of 800 + 10C., in 14 min. and 820 
+ 5C.,in 2} min. The heating is con- 
tinued for not less than 25 min. or until 
the flame of the burning volatile matter 
has disappeared. The coke button ob- 
tained is compared with a series of stand- 
ard outlines, numbered 1 to 9 in steps of 
half numbers and given a value corre- 
sponding to that of the nearest outline. 

Fic. 3.—Photograph of Burner Assembly, show- 


ing Crucible in Place, for British Standard Figures 2 and 3 show the test as- 
Method for the Crucible Swelling Test for Coal. sembly. The crucible is made of trans- 
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lucent silica, squat shape, with a silica, 
ring-handled lid. The British Standard 
lists the following specifications for the 
crucible: 

1. Weight—not more than 12.75 or 
less than 11.0 g. 

2. External height—26 + 0.5 mm. 

3. External diameter at top—41 + 
0.75 mm 

4. Internal diameter at base—not less 
than 11 mm. 

5. Capacity—approximately 17 ml. 

Low form, glazed Vitreosil, No. 21246, 
or Amersil, No. CO, crucibles meet the 
above specifications quite closely. 

The triangular crucible support is 
made of 6 to 6.5-mm. external diameter, 
translucent silica tubing mounted on 
chrome-nickel wire. The length of 
the side is 63 to 64 mm.; the diameter 
of the inscribed circle is approximately 
32 mm. As shown in Fig. 3, the ends 
of the triangle are joined together by a 
loop of wire to facilitate removal of the 
crucible at the end of each test. 

The original test specifications called 
for the use of a Teclu burner, } in. in 
diameter. Because the Teclu burner is 
not available in this country and because 
a burner of that type is not well suited 
for use with natural gas where it is 
available, a Fisher burner with a large 
grid, 1 3’g-in. external diameter, has been 
used. The burner and draft shield are 
so positioned that the bottom of the 
crucible is ? in. above the top of the 
burner. 

The draft shield is made from asbestos 
cement piping 6 in. long, 4 in. in internal 
diameter, and 3 in. thick. At the top 
the piping has three slots, 1 in. deep, 
in which the wires of the silica triangle 
rest. This assures placing the crucible 


in the same position for succeeding tests. 

A capillary flow meter with water 
manometer is placed in the gas line 
before the burner as a guide to the con- 
trol of the rate of gas flow. This has 


proved to be a time-saving device, as it 
eliminates check determinations of the 
crucible temperature when many tests 
are to be run in one day. The tempera- 
ture determinations are made by the use 
of a thermocouple of chromel-alumel 
wire and a potentiometer. 

The sight tube shown at the right of 
Fig. 2 is a device for viewing the coke 
buttons which eliminates the effect of 
parallax. The tube itself is a simple 
affair and may be made of either glass or 
metal tubing 10 in. long and 1} in. in 
internal diameter supported vertically 
on a ring stand above the sheet of stand- 
ard outlines. Figure 4 shows, full scale, 
the outlines specified by the Reitem 
Standard. 


With the burner assembly arranged as 
shown in Figs. 2 and 3 and with a blank 
crucible in position, the burner is lighted 
about 15 min. before making a deter- 
mination to allow the draft shield to rise 
to an equilibrium temperature. The 
flow of gas, the relative positions of the 
burner, the draft shield, and conse- 
quently the crucible are so adjusted that 
the temperature of the inner surface of 
the bottom of the crucible reaches 800 

+ 10C., in 14 min. and 820 + 5C., in 
24 min. after placing a crucible in posi- 
tion. 

Using the Fisher burner described, the 
desired temperatures may be attained 
by so adjusting the draft shield that the 
bottom of the crucible is approximately 
% in. above the burner grid. The 
crucible temperatures are determined 
by inserting the thermocouple through a 
pierced lid until the unprotected junc- 
tion of the couple is in contact with the 
base of the crucible. The end of the 
thermocouple should be in the form of a 
flattened loop and the junction and a 
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perature measurements. Once the con- 
ditions for attaining the correct heating 
have been ascertained, it is well to fix 
permanently the position of the draft 
shield and burner, assuring ease of 
starting operations for succeeding tests. 

One gram of freshly ground 0-60 mesh 
coal is next weighed in a cold crucible, 
and the crucible is lightly tapped 12 
times on the bench, rotating it between 
taps, to level the surface of the coal. 
The crucible is then covered with a lid 
| and placed upright in the silica triangle 
supported in the draft shield. The 
crucible and triangle may be placed into 
the draft shield together, by the use of 
the wire frame connecting the three legs 
of the triangle over the crucible. This 
makes it unnecessary to turn off the bur- 
ner between each heat. 

The covered crucible is heated in the 
gas flame for such a time as is required 
for the flame of the burning volatile 
matter to die out, and in any case for 
not less than 25 min. The button is 
carefully removed, and the carbon resi- 
due remaining in the crucible is removed 
by ignition. 

Four buttons are made for each sample 
of coal tested. Thus, at least four 
crucibles and lids are required with one 
extra lid to be used during the tempera- 
ture determinations. 


METHOD OF REPORTING RESULTS 


When four coke buttons have been 
made from the sample of coal being 
tested, each button is viewed through the 
sight tube and compared to the series 
of standard profiles. The drawing with 
which the button is to be compared is 
placed exactly in the center of the field 
of vision from the top of the tube. The 
button is rotated around its axis until 
the maximum cross-section area is in 
line with the drawing and viewed with 
one eye placed immediately over the top 
of the tube. 
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The swelling number is the number 
inscribed in the outline that the largest 
profile of the button most nearly 
matches, and the average swelling num- 
ber of the series, expressed to the nearest 
3 unit, is reported. The practice of the 
authors has been to disregard a button 
if it deviates more than 1 unit from the 
other three, and to make a new deter- 
mination. 


EFFECT OF PARTICLE SIZE OF SAMPLE 


The British Standard specifies that 
the particle size of the coal sample shall 
be such that it will pass a B.S. 72 mesh 
test sieve. This corresponds to a U.S.S. 


TABLE II.—BRITISH STANDARD SWELLING 
NUMBERS FOR FOUR COALS USING 
minus 60 MESH AND PULVERIZED 

SAMPLES. 


British Standard 
Swelling Number 


Pulverized 


Pocahontas No. 5 9 
Pocahontas No. 3 


No.' 70 sieve. Because the analytical 
tests for coal in the United States are 
based on a sample prepared to pass a 
U.S.S. No. 60 sieve,* the data deter- 
mined by the authors were obtained by 
using samples crushed to the latter size. 
Several of the collaborating laboratories 
used a U.S.S. No. 70 sieve, but no appre- 
ciable difference in the results was noted 
because of this. 

A series of swelling tests was made on 
coals that were prepared for pulverized 
firing, that is, to approximately 70 per 
cent less than 200 mesh. It was much 
more convenient to obtain a sample of 
the pulverized coal as it was being pul- 


8 Standard Method of Laboratory Sampling and Analy- 
sis of Coal and Coke, (D 271-40), 1940 Supplement to 
Book of A.S.T.M. Standards, Part III, p. 
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verized, than to crush down the larger 


sample to minus 60 mesh. Before 
adopting this practice, however, dupli- 
7 3 cate swelling determinations were made 
bes: on four different coals using both the 


minus 60 mesh and pulverized samples. 
Table II lists the swelling numbers ob- 
tained for the four coals. 

The exact agreement indicates that 
crushing to minus 60 mesh or finer is 
satisfactory and that the exact size is 
not particularily critical for the test. 


TABLE III.—-RESULTS OF BRITISH STANDARD 
SWELLING TESTS ON FOUR COALS USING 
TWO SIZES OF A MEKER BURNER,*’ AND 

ONE FISHER BURNER 


British Standard 
Swelling Number 
. Battelle 
Bureau of Mines A 
| Fisher 
Meker Burner® Burner 
l-in. | 1%- | 1%-in. 
grid jin. grid! grid 
1 1 14 
Island creek......... 43 7 7 
@W.A. Selvig, ‘‘Experience with Results of Tests 
< we Using British Standard Method for the Crucible Swelling 
Pour | Test for Coal,’’ Private communication to R. A. Sherman, 
October 11, 1939. 
fr 
Errect OF SMALL VARIATIONS IN THE 


WEIGHT OF SAMPLE 


uy 


determine the accuracy required 
Me zi in weighing the 1-g. test sample, two 
pant fe series of tests were run. In the first 
es test the coal was weighed accurately 
- f= to 0.1 mg. on an analytical balance, and 
ae in the second series the sample was 
ss weighed to 0.1 g. on a laboratory three- 
ae beam platform balance. The size of 
ern the coke buttons made by these two 
7 BY! procedures was the same. This shows 
that extreme accuracy is not needed in 
ae a weighing out the sample, and that the 
normal laboratory platform balance, 


graduated in 0.1 g., is omental ac- 


Errect oF RATE OF Hearne: dista 
Because of the demonstrated differ- peo 
ence between buttons made by the elec- J. d 
tric-furnace and gas-burner methods large 
for volatile-matter determinations, the one 
rate of heating of the sample would be eae 
expected to be an important factor nails 
governing the size of the buttons. A dan 
number of items have bearing upon the Jj). . 
proper heating rate, such as: (1) type to 
of gas, manufactured or natural; (2) e.2 
position, size, and type of the burner; eoaadl 
(3) dimensions and position of the TI 
crucible in relation to the burner, and that 
(4) thickness of the draft shield. 
Effect of Supply of Gas: =~ 
Two of the seven laboratories that ex- 
changed coal samples to test the order § 
of duplication of results used manu- 
factured gas, whereas the other five used San 
natural gas. Of the two laboratories 
using manufactured gas, one obtained 
results that checked well with the others, § No. 1.. 
but the second obtained results that |} No.3. 
were considerably lower than the data § 
by the othe: oratories. The reason § * 
for this discrepancy is not known, al- 
though it is believed differences in J cent, 
burner design and in flame characteristics J agcu) 
of the two gases may be responsible. botte 
Effect of Variations in the Gas Burner: a 
Table III shows the difference in 
results on four coals because of the § he 
difference in the size of the burner. the 
Using the Meker burner having a grid anil 
diameter of 1 in., the bottom of the 9 > 
crucible was 3 in. above the top of the § Effec 
grid, and using the Meker burner having A 
a grid diameter of 1;% in., the bottom § ..,, 
of the crucible was { in. above the top § naty 
of the grid. The results obtained with pera 
the larger sized Meker burner were very J ran) 
similar to the data obtained with the hen 
Fisher burner, as the burning character- J. 44 
istics of the two burners, with the same ing 


grid size, are quite similar, although the 
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distance between the top of the Fisher 
burner grid and the bottom of the 
crucible was only in. With the longer 
and broader flame, the system had a 
larger heat capacity, so the heat input 
to the coal differs considerably for the 
two different sized burners. To elimi- 
nate this source of error all laboratories 
should use the same size burner with 
the same distance between the burner 
top and the bottom of the crucible, and 
consequently the same length of flame 
travel. 

The burner should be so positioned 
that the crucible is directly over the 


TABLE IV.—RESULTS OF BRITISH STANDARD 
SWELLING TESTS RUN ON PITTSBURGH 
COAL, USING VARIOUS CRUCIBLE 


TEMPERATURES. 
Temperatures, deg. Cent. 
Swell- 
Sample Crucible Deviation ~ 
Temperature | from Standard |Number 
14 min. | 2} min.| 14 min. | 2} min. 
757 781 —43 —39 6 
ye 778 800 —22 —20 7 
793 810 -7 —10 64 
805 817 +5 -3 7 
ar 812 830 +12 +10 7 
819 836 +19 +16 64 


center of the burner grid. This will 
assure a maximum of heating from the 
bottom and a minimum of side heating. 
Heating principally from the bottom 
of the crucible allows the coke button 
to swell up and out, whereas too much 
side heating cokes the coal quickly at 
the sides and top; this prevents free 
swelling of the coal. 


Effect of Variations in Temperature: 


A series of tests was run on Pittsburgh 
seam coal to determine the critical 
ature of the stipulated crucible tem- 
peratures. The gas flow was held con- 
stant and the temperature was varied 
by raising and lowering the draft shield 
nd crucible. Table IV lists the swell- 

ig numbers obtained with the various 
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crucible temperatures. All the buttons 
were made in the same crucible to elimi- 
nate this variable. 

Thus, within wide limits of tempera- 
ture, no radical difference in button 
size was observed. This comparatively 
wide range of safe temperature would 
seem to eliminate the effect of small 
variations in crucible dimensions. This 
does not mean, however, that the estab- 
lished test procedure should be markedly 
departed from. Because most of the 
heat is supplied to the bottom of the 
crucible, the thickness of the crucible 
bottom should be standardized and 
held within close limits. 


TABLE V.—RESULTS OF BRITISH STANDARD 
SWELLING TESTS ON THREE COALS, USING 
THE GAS FLAME AND ELECTRIC 
FURNACE METHODS 


British Standard Swelling Number 
Coal Electric Furnace Method 
Gas Flame 
Method Without With 
Adapter Adapter 
ae 2 2 
8 8 to 


The thickness of the draft shield has a 
direct effect upon the crucible tempera- 
ture, but only while the shield is warming 
up. Using first a draft shield with a 
wall thickness of 4 in., it was found that 
a 30-min. period must elapse before 
stable crucible temperatures were at- 
tained. The wall thickness was then 
reduced to 3s in., and the length of the 
warm-up period was found to have been 
reduced to 10 min. 


Trials of Electric Heating: 


The greatest potential source of error 
in the determination is the rate of heat- 
ing of the crucible. Differences in 
burner design and type of gas used 
introduce the greatest variations. Pre- 
sumably, such variables could be elim- 
inated and the test method better stand- 
ardized by the use of electric heating. 
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A number of types of electric heaters wire. The top 1 in. was wound with sire 
were tried: namely, cones, plates, and three turns per inch and the rest of the had 
tube furnaces. The most successful of core was wound with six turns per inch. furt 

side 
TABLE VI.—RESULTS OF BRITISH STANDARD SWELLING TESTS FOR VARIOUS LABORATORIES ON THE ton: 


SAME COAL SAMPLES 


the 
British Standard Swelling Number side 
Sample _ h 
Laboratory | Laboratory | Laboratory | Laboratory the 
No.1 No. 5 No. 6 No.7 M 
Mu 
Indiana No.6 6M by 1% in.. 1m | 1 1 1 to 1% furr 
Pittsburgh 0b in.. 6 5 5 4to 4% 
Island Creek ¥4 by 134 in. ey 7 7 3% 20 
‘ Fulton 0 by 1% . 9 9 10% 7to7’% dete 
Pocahontas No.3 6 3% to4 tot 
| 
was 
a 
Hubbard 0 by in 9 oe loss 
Rockhill 9 bs 
Alabama 7% 8 as t 
i Kentucky... 5 6 red 
Illinois No. 5.. 2 2 2% 
Sewell... 9 9 thre 
ee 8 8 
Mages 9 * mac 
Hutchinson 84 9 the 
Hutchinson 0b 6 9 es 
Hocking No. 6 1 + 1 out 
Wallins 0 yt 3 3 
Island Creek 0% of tl 
Illinois No. 6 4 by 4% 4 the 
from 2 
Illinois No. 6 0 by % 4 5 tom 
Ilinois No.6 in 4 5 thos 
. rom y 2 in.. 
Illinois No.6 by 4 4% met. 
from 1% by 2 in. of st 
Illinois No. 6 in.. 4 4% 
from % by 14 of a 
from % by 1% in met! 
deve 
Laboratory | Laboratory | Laboratory 
" ie Sample No. 3 No. 6 No. 7 cons 
8% to 9 7% to 8 met! 
coke 
these was an electric tube furnace con- This was done to insure that most of th secti 
structed of a ceramic core 24 in. in heat was being supplied to the bottom of § belie 
internal diameter and 5f in. high, wound the crucible. This was not entirely lati 


with No. 19 gage chromel-A resistance successful, as in order to reach the de- § ard) 


sired test temperatures the crucible 
had to be placed entirely within the 
furnace, which resulted in excessive 
side heating. The resulting coke but- 
tons were similar to those formed by 
the gas-flame method, but the excessive 
side heating pinched the button in at 
the top, giving a “‘bottle-shaped”’ effect. 
Much heat was lost from the top of the 
furnace during the test, and a period of 
20 min. was required between each 
determination to bring the furnace back 
to the proper temperature. 

An adapter of insulating refractory 
was so fitted into the top of the furnace 
that its internal diameter closely approx- 
imated the external diameter of the 
crucible. This effectively reduced the 
loss of heat from the end of the furnace 
as the time interval between tests was 
reduced from 20 to 2 or 3 min. 

Table V gives comparative data for 
three coals for which coke buttons were 
made by the gas-flame method and by 
the electric tube furnace, with and with- 
out theadapter. The excess side heating 
of the crucible was eliminated by use of 
the adapter and the resulting coke but- 
toms were essentially the same size as 
those determined by the gas-flame 
method. These data indicate promise 
of standardization of the test by the use 
of an electric furnace, but the gas-burner 
method has been shown to give such 
good results that further attempts to 
develop an electric furnace were not 
considered warranted. 


Other Methods for Determination of Size 
of Button: 


Some experimenters have tried other 
methods of measuring the size of the 
coke button, such as volume and cross- 
sectional area determinations. It is 
elieved, however, that the size desig- 
iation is not critical and that the stand- 
rd profile method is satisfactory. — 
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POSSIBILITY OF DUPLICATION 
oF RESULTS 


In one laboratory, no difficulty has 
been found in agreement of duplicate 
determinations. To learn the possibil- 
ity of agreement of different laboratories, 
several sets of samples have been dis- 
tributed to a number of laboratories. 
Table VI gives the data obtained. 

Swelling indexes as given by labora- 

tory No. 6 are determined by cross- 
section area rather than by the standard 
profile method. Consequently, they 
report some values greater than 9. On 
samples having indexes of 8 or less the 
agreement with other laboratories is 
good. 
The only laboratory that gave results 
materially different from the others was 
No. 7. Although an attempt was made 
by exchange of correspondence to learn 
the reason for the difference, no definite 
conclusion was reached. That labora- 
tory used manufactured gas with a 
Precision Hy-Temperature burner, with 
the flame grid replaced with the grid 
from a Fisher burner. It is suspected 
that a difference in the distribution of 
the heat to the bottom and side of the 
crucible resulted, but the fact that 
laboratory No. 6 also used manufactured 
gas and checked the results of other 
laboratories shows that the type of gas 
was not the determining factor. 

In general, the results show that there 
should be no difficulty in checking deter- 
minations among laboratories, if each is 
careful to check frequently the rate of 
heating obtained in the crucible by 
means of a thermocouple as prescribed 
in the section on Details of Test, and to 
use the same type and size of burner. 


RELATION OF SWELLING INDEX AND 
PERFORMANCE OF COALS WHEN 
BURNED IN A STOKER 


The coking property of a coal is one 
of the most important characteristics 
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that govern the performance when 


burned in an underfeed stoker. In a 
stoker fuel bed, conditions are so favor- 
able for coking because of the rapid rate 
of heating of the coal, that coke is 
formed even with coals normally con- 
sidered noncoking. In residential stokers 
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Fic. 5.—Relation of British Standard Swelling 
Number to Coke Formation in Fuel Bed of 
Small Underfeed Stoker, Excess Air 35 to 60 per 
cent. 


excessive coke formations cause deep 
fuel beds which give trouble in removal 
of clinker. They result in a slow rate 
of pick up which, in extreme cases, re- 
sults in extinction of the fire.’ In 
industrial stokers, excessive coke forma- 
tions cause improper distribution of the 
coal and air, lead to bad clinkering, 
smoke, and slow response of the fire. 

® Ralph A. Sherman, “The Evaluation of Coal for Use 


in Domestic Stokers,’’ Bulletin, University of Illinois, 
Vol. 37, pp. 39-57 (1939). 


OstTBorG, LIMBACHER, AND SHERMAN 


In an attempt to express the coking in 
small stoker fuel beds numerically, 
Sherman, Kaiser, and Limbacher"’ have 
weighed the coke larger than 1 in. that 
was left in the fuel bed when it was 
quenched after uniform burning condi- 
tions had been established. 

Figure 5 shows the relation of the 
British Swelling Index of a number of 
coals to the coking on the stoker as 
expressed by the weight of coke in the 
fuel bed. With the exception of the 
three coals from the Carey seam, there 
is a fairly good relation between the two 
values. The relation is partly obscured 
by the fact that the excess air which also 
affects the weight of coke in the bed 
could not be held constant with all the 
coals. Experience in the laboratory has 
shown that coals which have a swelling 
index of six, or less, will cause no diffi- 
culty from coke formations in the fuel 
bed of the small underfeed stoker. 
Those having indexes of 8 to 9 may or 
may not cause difficulty but are suspect. 

The British Swelling Test has been 
used by an eastern electric utility, as a 
guide in the selection of coals for their 
industrial sized stokers. Table VII 
lists the swelling indexes obtained for 
various coals with notes on general 
burning operation in these industrial 
units. 

An unsatisfactory coal did not stay on 
the grates and seemed to blow and fluff 
up more than normally. The fire was 
not level and compact, and the burning 
lanes were serpentine instead of straight 


and at intervals seemed to break over 


from one tuyere to the other. The 
maximum output of the boiler dropped 
about 22 per cent and the fire was very 
unstable and hard to regulate without 
producing smoke. All these difficulties 


10 Ralph A. Sherman, E. R. Kaiser, and H. R. Lim- 
bacher, “The Relation of the Size of Bituminous Coals to 
Their Performance on Smal! Underfeed Stokers,’”’ Technical 
Report No. 1—Part II, Bituminous Coal Research, Inc., 
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} 
A were attributed to unsatisfactory coking obtained results generally lower than 
2 tendencies. The above data represent the other laboratories that exchanged 
e only a few coals, for the most part from samples. On the basis of the values 
t 
Ss TABLE VII.—RELATION OF BRITISH STANDARD SWELLING INDEX WITH BURNING PERFORMANCE OF 
‘ VARIOUS COALS ON LARGE UNDERFEED STOKERS. 
]- 
Volatile . 
Sample ‘ Matter, Remarks 
e per cent 
of Ney ba. 17.1 3% Burned mixed with another similar 
1€ 23.0 6% Unsatisfactory. Burned mixed with another coal. 
21.8 8% to9 | Very unsatisfactory 
No. 18.5 4 atisfactory 
17.7 | Satisfactory. Burned in combination with other coal. 
ffi- 20.6 4 Burned in combination with other 
| coal. 
18.8 5% Unsatisfactory when burned with other satisfactory 
er. costs. 
or 
ct. TABLE VIII.—BRITISH STANDARD SWELLING NUMBER OF VARIOUS COALS. } 
en 
Swelling 
- Seam State County Size Number 
W. Virginia Logan by % in. 7 
Illinois Grundy 0 1% in. | 
Illinois Franklin 0 by ; 1 
Kentucky No. Eb Kentucky Hopkins 14% by2in. 4 
Kentucky 0 by 1 in. 
W. Virginia ayette 10 mesh by 1 in. 84 
W. Virginia Putnam 10 mesh by 1 in. 4 
Pocahontas No. 3............. W. Virginia McDowell 0 by 1% in. 5 
Pocahontas No. 3............. W. Virginia McDowell 144 in. nut and slack 8g 
Pocahontas No. 4............. W. Virginia McDowell Stoker 6 
Pocahontas No. 5............. W. Virginia McDowell Slack 9 
U pper SRE Pennsylvania Armstrong % in. slack 9 
<> Kentucky Harlan \% by 1% in. 3 


the Pocahontas No. 3 seam, all of slack obtained by the other laboratories, the 
size. upper limit of satisfactory operation 

The upper limit of satisfactory opera- would probably have been raised to an 
tion appeared to be at an index of about index of about 7. Nevertheless, the 
53. However, the laboratory that made method proved valuable in evaluation 
these determinations was the one that of coals for use on the stokers. 
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SWELLING INDEXES FOR VARIOUS COALS 


Table VIII gives the swelling indexes 
for a number of coals of various original 
sizes that have been measured at Battelle 
during the course of this investigation in 
addition to those given in Table VI. 


CONCLUSIONS 


The British Standard Swelling Test 
is an advantageous method of measuring 
the “free swelling” property of a coal, 
inasmuch as it is a simple test requiring 
no complicated apparatus and because 
the results are easily duplicated in the 
same and different laboratories. The 
resulting coke button is large enough 
that discrimination may be made be- 
tween borderline coals. 

Experimental data obtained for four 
coals show that the particle size of the 
sample was not critical. The weight of 
the 1-g. sample is shown to be sufficiently 
accurate for the test if weighed to 0.1 g. 


OsTBoRG, LIMBACHER, AND SHERMAN 


The method of heating the crucible is 
the most important factor of the test 
method, and care should be taken that 
all laboratories use the same type of 
burner with the crucible a set distance 
above the burner grid in order to assure 
good duplication of results. 

Exchange of coal samples between 
seven laboratories show, with the excep- 
tion of one laboratory, that the deter- 
minations .should check within +} 
number. A fairly satisfactory relation 
was found between the swelling index 
of coals and the weight of coke forma- 
tion in small underfeed stokers. One 
electric utility has found the method of 
value to predict the performance of coals 
on large underfeed stokers. 

Other laboratories are urged to adopt 
the method as a routine determination 
on coals to be burned in stokers so that 
further data on the relation between the 
index and the degree of satisfactory 
performance may be obtained. ieoks 
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Mr. E. Brewer! (presented 
in written form*).—The need for a simple, 
easily duplicated standard test for 
measuring varying degrees of ‘free 
swelling” of coals when burned in a 
fuel bed has long been recognized. The 
authors are to be commended in their 
attempt to accomplish this objective. 

Figure 1 of the paper shows the 
differences to be expected in size and 
profile outline of coke buttons made 
from seven coals of widely varying 
rank in three different crucible tests. 
These differences have been proved to 
depend on the type of heating employed. 
Because of better control of heating 
conditions, the A.S.T.M. standard elec- 
tric-furnace method for determining 
volatile matter should give a better 
distinction between coke buttons from 
different coals than the alternative 
Meker-burner method. The larger-scale 
British Standard Method for the Cruci- 
ble Swelling Test for Coal gives larger 
coke buttons, and the method of report- 
ing results enables a greater number of 
classifications of the coke buttons to 
be made. The immediate interest is in 
whether this latter method has any 
distinct advantages over the A.S.T.M. 
electric-furnace method in evaluating 
the “free-swelling” properties of coals 
when burned in a fuel bed. 

The somewhat sketchy presentation 
yf the test results makes it difficult to 
evaluate them completely. For exam- 
ple, the data obtained on the large 


1 Associate Chemical Engineer, Central Experiment 
tation, Bureau of Mines, Pittsburgh, Pa. 

2 Presented by permission of the Director, Bureau of 
Mines, U. S. Department of the Interior. 
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DISCUSSION 


number of coals listed in Tables VI, VII, 
and VIII of the paper leave to the con- 
jecture of the reader the question of 
whether some of the coals, and which 
ones, are identical samples. More in- 
formation in each table, with a common 
system of identifying samples, if applica- 
ble, would aid greatly in the study of the 
test results. The same argument applies 
to the 20 coals whose data are plotted 
in Fig.5. Apparently all of the ordinate 
points in Fig. 5 are based up on the same 
standard weight of initial coal used in 
the separate small stoker tests of the 
20 coals. 

The lack of good relation between the 
British standard swelling number of the 
coal and the weight of the coke in the 
fuel bed at the end of the small stoker 
tests with the three Cary-bed coals 
may have a logical explanation in some 
recent work by the Bureau of Mines. 
Tests of a Lower Banner (Cary)-bed 
coal showed marked differences in cer- 
tain properties and composition from 
those of Summerlee-, Sewell-, and 
Bakerstown-bed coals, even though all 
four coals are of almost identical rank. 
The Lower Banner ccal is characterized 
by much higher fluidity, as determined 
by the Gieseler plastometer method, 
and by a much higher ash content than 
the other three coals. This coal has a 
petrographic composition of 36 per cent 
bright, 53 per cent semisplint, and 11 
per cent cannel coal. In contrast, the 
other three coals are predominantly 
bright and contain no cannel coal. 
Analyses of the separated cannel-coal 
portion from the Lower Banner coal 
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showed even higher ash and lower 
volatile matter contents than were 
present in the entire coal itself. It 
seems reasonable to conclude that the 
Lower Banner (Cary)-bed coal, because 
of its high fluidity, would tend to fill the 
voids in the fuel bed more rapidly and 
more completely than would less-fluid 
coals of similar rank. This effect would 
leave the air less time to burn the fuel 
and thus keep the voids open. Further- 
more, splint and semisplint coals, and 
probably high-ash, low-volatile cannel 
coal also, are known to burn at slow rates 
in underfeed fuel beds and during their 
caking and coking do not readily open 
up cracks so that the air may pass freely 
through the fuel bed. The high fluidity, 
high ash content, and unusual petro- 
graphic composition of the Lower Banner 
(Cary)-bed coal and high ash and low 
volatile contents of the cannel-coal 
portion would thus explain the large 
weight of coke in the fuel bed at the end 
of the small stoker test of this coal. 
The good correlation between British 
standard swelling numbers of 6, or less, 
and the weights of coke in the fuel bed 
at the end of small stoker tests would 
indicate that such coals should be excel- 
lent fuels in small underfeed stokers. 
Coke buttons from the A.S.T.M. 
standard (electric-furnace) volatile-mat- 
ter determination have been used since 
at least 1926 in evaluating the coking 
properties of various types of coals. 
Rose’ has stated that ‘“‘the resulting coke 
button will indicate whether a coal is 
noncoking, feebly coking, or strongly 
coking, but almost every condition in 
this test is at variance with large-scale 
carbonizing practice.” Gradings of the 
buttons in terms of general coking 
characteristics when supplemented by 


“Selection of Coals for the Manufacture 
of Coke,” Transactions, Am. Inst. Mining and Metal- 
lurgical Engrs., Vol.74, pp. 600-636 (1926), Discussion, 
pp. 637-639; Fuel, Vol. 5, pp. 562-575 (1926), Vol. 6, pp. 
41-46, 84-88 (1927). 


3H. J. Rose, 


the “swelling index,” determined on the 
coke button when carbonized at 600 C. 
under prescribed conditions as developed 
by the Canadian Bureau of Mines,‘ have 
been applied to a large number of coals. 
The ‘“agglomerating index” was pro- 
posed for indicating the dividing line 
between noncaking coals and_ those 
having weakly caking properties. All 
coals analyzed by the Bureau of Mines 
since November 15, 1934, have been 
classified according to their agglomerat- 
ing properties. The agglomerating in- 
dex was adopted by the A.S.T.M. in 
1938 as a requisite physical property to 
differentiate semianthracite from low- 
volatile bituminous coal and also high- 
volatile C bituminous coal from sub- 
bituminous A coal. These few exam- 
ples of the very extensive and successful 
application of thousands of coke-button 
gradings of coke buttons from the stand- 
ard volatile matter determination in 
classifying coals according to their caking 
and coking properties have fully justified 
this practice as a desirable standard. 
Mott and Wheeler’ in England have 
found a relationship between the British 
standard crucible swelling number and 
the carbon and hydrogen contents of the 
coal. They suggested that, if certain 
deductions made from this relationship 
are supported by enough data, this 
swelling test might be used as a measure 
of coking power instead of the Sheffield 
Laboratory coking test. The Sheffield 
test, similar in principle to the Agde 
Damm dilatometer test extensively used 
in America, heats a compressed charge 
of coal under a load and at a rate 
approximating that used in a by-product 


4 E. Swartzman, E. J. Burough and R. A. Strong, “A 
Laboratory Test on Coals for Predicting the Physical 
Properties of the Resultant By-Product Cokes,” Imvesti- 
ations of Fuels and Fuel comin, 1932, Canada Dept. 
Mines No. 737-3 pp. 36-57 (1934). 
E. Gilmore, G. P. Connell and J. H. H. Nicolls, 
and Agglutinating Tests for Classifying 
Weakly Caking Coals,’’ Transactions, Am. Inst. Mining 
and Metallurgical Engrs., 
255-265 (1934), Discussion, pp. 265-266 
‘ F. A. Mott and R. V. Wheeler, “The ality of Coke,”’ 
pp. 360-368, Chapman & Hall, Ltd., London (1939). 
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coke oven. In contrast, the rate of 
heating in the British standard crucible 
swelling test is many times more rapid 
(approximately 300C. per min. be- 
tween 400 and 500C.). Similar high 
rates of heating are used in other crucible 
swelling tests. Such a rapid rate of 
heating is impossible in commercial coke 
making. Mott and Wheeler pointed 
out that the practical differences be- 
tween coals are very considerable and 
that the British standard crucible test 
may fail to distinguish between coals 
varying in carbon content from 87 to 91 
per cent (Parr-unit coal basis), since all 
of these coals may give the highest 
swelling number, 9, that can be 
measured. These investigators sug- 
gested that “a wider range may be 
desirable than the 9 classes (each } unit 
of swelling from 5 to 9) into which coking 
coals could be divided by the crucible 
swelling tests.” 

In summary, all crucible swelling 
tests that use very rapid rates of heating 
appear to be limited to broad indica- 
tions of the caking and coking proper- 
ties of coal, and, in their present form, 
such tests can only supplement but 
cannot replace methods using rates of 
heating more in keeping with plant- 
scale practice. In combustion processes, 
where the rate of heating is much 
higher than in gas and coke plants, 
crucible swelling tests appear to have 
merit in evaluating coals for certain 
types of firing. Such tests also may 
prove of value for the evaluation of coals 
to be used in horizontal and gas retorts 
which employ faster rates of heating 
than in by-product coke ovens. 

Mr. O. W. REEs® (presented in written 

wm).—The authors of this paper are 
to be congratulated for a rather thorough 
study of the factors influencing the 
crucible swelling test, duplicability of 
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results to be obtained, and usefulness 
of the test. To me the results obtained 
by electrical heating are somewhat 
disappointing since this kind of heating 
is more easily controlled than gas burner 
heating. However the duplicability 
possible, when using gas heating, in the 
same laboratory and between different 
laboratories is quite gratifying. In our 
laboratory we have recently substituted 
a blast-type burner with grid top for the 
Fisher Meker type burner. Flow meters 
in both the air and gas lines to the blast- 
type burner have enabled us to duplicate 
conditions somewhat more readily than 
with the Meker-type burner with flow 
meter in the gas line only. 

The test has been used in the Illinois 
Geological Survey laboratory for two or 
three years for the purpose of predicting 
the coking tendencies of coals when used 
in domestic underfeed stokers. Studies 
of eight different coals fired under one 
set of conditions, that is, rate of feed, air 
flow, etc., indicated that those coals 
with swelling index numbers up to about 
5 gave very little coke, while those with 
swelling index numbers of 5 and above 
gave appreciable quantities of coke. 
The test has been of particular value in 
our studies of the effect of concentration 
or deconcentration of banded ingredients 
in Illinois stoker fuels on their behavior 
in underfeed stokers. Predictions on 
the basis of the test have been so success- 
ful that its use is being continued in 
extended studies of this kind. 

Messrs. W. A. SEtvic’ and W. H. 
OveE® (presented in written form).—In 
our experiments at the Central Experi- 
ment Station of the Bureau of Mines 
with the British Standard Method for 
the Crucible Swelling Test for Coal we 
have experienced some difficulty in 

7 Supervising Chemist, Coal Constitution and Miscel- 
laneous Analysis Section, Central Experiment Station, 
Bureau of Mines, Pittsburgh, Pa. 

8 Assistant Inorganic Chemist, Coal Constitution and 


Miscellaneous Analysis Section, Central Experiment 
Station, Bureau of Mines, Pittsburgh, Pa. 
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ON THE Test FOR COAL 


meeting the specified temperature inside curve and the nearest profile numbers 


the crucible. A Teclu burner was not 
available, but burners of this general 
type gave a maximum crucible tempera- 
ture of only 755 C. when burning natural 
gas at a pressure of 7} in. of water. 

A variety of Meker-type burners were 
tested. Of these, only one burner gave 
the required crucible temperature with 
the gas pressure available—a Meker- 
type burner with a grid diameter of 
1 in., so placed that the top of the grid 
was } in. below the bottom of the crucible. 
Fortunately the crucible temperature 
does not appear to be critical. With 
higher gas pressure there should be no 
difficulty in getting the specified tem- 
perature. 

Another difficulty experienced with 
some coals was the lack of definite 
correlation between the coke buttons 
and the standard profiles as given in the 
British standard. To illustrate, if refer- 
ence is made to button D, Fig. 1, of the 
paper, it will be seen that the profile of 
this button does not correspond to any 
of the standard profiles shown in Fig. 4. 
In the standard profile series, all coals 
which give buttons that do not swell 
sufficiently to touch the lid of the cruci- 
ble are assigned swelling numbers of 6 
or less. Button D did not touch the 
crucible lid, but its cross-sectional area 
is certainly greater than that of stand- 
ard profile 6. The use of some other 
method of evaluating the coke buttons, 
such as volume measurement or cross- 
sectional area measurement, may make 
the test method more laborious, but 
some such modification may be neces- 
sary for troublesome coals. We have 
used a scheme whereby the areas of the 
standard profiles were plotted against the 
profile numbers and a curve drawn. 
When coke buttons of unusual shape 
were obtained, we drew their outlines on 
cross-section paper to get their areas. 
These areas were then referred to the 


recorded. 

In the study of the effect of small 
variations in weight of sample as reported 
in the paper, it probably would have 
been better procedure if swelling num- 
bers had been obtained on accurately 
weighed samples of the same coal, the 
weights ranging from 0.9 to 1.1 g. and 
these weights all made with an analytical 
balance. The procedured described, mak- 
ing weighings to 0.1 g. on an ordinary 
laboratory platform balance, may well 
have given samples that actually did 
not differ much in weight. 

I have one question to ask Mr. 
Ostborg. I am a little puzzled by the 
statement regarding the effect of small 
variations in the weight of the sample. 
The authors state: “To determine the 
accuracy required in weighing the 1-g. 
test sample, two series of tests were run. 
In the first test the coal was weighed 
accurately to 0.1 mg. on an analytical 
balance, and in the second series the 
sample was weighed to 0.1 g. on a 
laboratory three-beam platform balance. 
The size of the coke buttons made by 
these two procedures was the same.” 

I should think that the best procedure 
in testing out the effect of differences 
in the weight of samples would be to 
weigh them precisely on an analytical 
balance. It seems to me that it is 
probable that, even though one set were 
weighed on a laboratory three-beam 
platform balance to 0.1 g., the actual 
weighings might be 1 g. 

Mr. H. N. OstBore® (author’s closure). 
—-We wish to thank Mr. Rees for his dis- 
cussion, and it is gratifying to hear that 
the test method has been of value in 
determining the effect of the banded 
ingredients in Illinois stoker fuels on 
their behavior in underfeed stokers. 

Mr. Selvig has raised a question con- 


®* Research Engineer, Battelle Memorial Institut 
Columbus, Ohio. 
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cerning the method of determining the 
relative coke button size which has also 
been asked by other investigators. It 
is true that some coals give coke buttons 
that do not conform to the standard 
profiles. However, with some discre- 
tion concerning height and width of the 
button, a swelling index can be assigned 
to the coals. Until further investiga- 
tion has shown the true significance of 
small variations in button size, it is 
believed that the size designation is not 
too critical and that the standard 
profile method is satisfactory. 

It may be true that the effect of the 
weight of the sample upon the test 
results was not investigated as thoroughly 
as it might have been. However, since 
the paper was written, coke buttons 
have been made of a coal using 0.75 
and 1.25-g. samples. Even with this 
wide deviation in weight, only a slight 
difference in button size was noted, and 
it is believed that the conclusions drawn 
in the paper hold true. 

Mr. Brewer questions whether the 
British Standard Method has any dis- 
tinct advantages over the A.S.T.M. 
electric-furnace method in evaluating 
the “free-swelling” properties of coals. 
Coke button D of Fig. 1 is made from 
low-volatile Pocahontas No. 3 seam 
coal. It can be seen that the resulting 
coke button was not as swollen as would 
be expected by comparing the buttons 
from the British Standard Method. 
Previous tests on Pocahontas coal, using 
the electric-furnace method, bear out 
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these results, giving small, dense buttons 
instead of the large, “swollen” buttons 
that were expected. Coupled with the 
greater latitude in button size, this 
would appear to give the British Stand- 
ard Method a distinct advantage over 
the electric-furnace method for determin- 
ing the ‘“free-swelling’” properties of 
coals. 

Concerning the possible duplication 
of results in Tables VI, VII, and VIII, 
in the text of the paper it states: “Table 
VIII gives the swelling indexes for a 
number of coals of various original sizes 
that have been measured at Battelle 
during the course of this investigation 
in addition to those given in Table VI.” 
It also states that the data of Table VII 
“represent only a few coals, for the most 
part from the Pocahontas No. 3 seam, 
all of slack size.” 

The weight of the coke left in the fuel 
bed as given in Fig. 5 is independent of 
the amount of coal used in the test as 
the points give the weight of +1 in. 
coke left in the bed after an equilibrium 
fuel bed had been established. The 
depth of the fuel bed under equilibrim 
conditions is governed by the ratio of 
coal to air and by the coking charac- 
teristics of the coal. 

The explanation for the variance of 
the relationship between the British 
Standard swelling index and the weight 
of coke in the fuel bed for the three coals 
from the Carey seam appears to have 
considerable logic, and bears out some- 
what the observations of Mr. Rees. 
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c _ STATISTICAL STUDY OF THE PRECISION OF METHODS FOR ANALYSIS 
pa OF COAL AND COKE 


Silla By H. H. Lowry! 


AND CHARLES O. JUNGE, Jr.! 


It is pointed out that a knowledge of the probable errors of analysis, which 
may result from following the procedures specified in A.S.T.M. Standard 
Methods of Laboratory Sampling and Analysis of Coal and Coke (D 271 — 40),? 
would be of great value in any attempt to correlate performance of coals in 
various uses with coal analyses. Through the cooperation of nineteen organi- 
zations 176 sets of determinations, including over 32,000 analyses, were ob- 
tained. For each of these sets, the standard error of the difference between 
duplicate analyses on a single sample by the same laboratory was calculated 
by standard statistical methods. The results obtained show that the pre- 
cision of the determinations varies by fairly large factors for the different 
laboratories and that the precision is not simply related to the “‘permissible 
difference” listed in part B of section 43 of Methods D 271. On the assump- 
tion that the permissible difference between duplicates should have a value 
such that a third determination would not have to be made more often than 50 
times per thousand samples, there were calculated ‘‘most precise laboratory” 
and “reasonable” permissible differences and these values are compared with 
the present specified values. The “reasonable” permissible difference is arbi- 
trarily defined as one which could be met by four-fifths of the laboratories that 
furnished the data. In some of the cases where the “‘reasonable” permissible 
difference exceeds the specified value, it is pointed out that the analyses should 
be made in multiplicate rather than duplicate so that the average value re- 


we 


ported may have a precision represented by the present permissible difference. 


The A.S.T.M. Standard Methods of 
ae Sampling and Analysis of 
Coal and Coke (D 271-40)? describe 
methods of analysis for moisture, ash, 
volatile matter, sulfur, carbon, hydrogen, 
and nitrogen and methods for deter- 
mining calorific value and fusibility of 
coal ash. Section 43 of these methods 
gives the permissible differences between 
two or more determinations when made 
by the same laboratory and when made 


1 Director, and Member of Staff, respectively, Coal 
Research Laboratory, Carnegie Institute of Technology, 
Pittsburgh, Pa. 

21940 +. omens to Book of A.S.T.M. Standards, 
Part III, p. 


by different laboratories. The relation 
of these permissible differences to the 
probable error, or to the standard error, 
of the determination is now known. 
It was pointed out, at the meeting of 
Committee D-5 on Coal and Coke on 
March 4, 1941, that a knowledge of 
these errors would be of great value in 
any attempt to correlate performance of 
coals in various uses with coal analyses. 
Knowledge of the standard error will 
also permit setting up permissible dif- 
ferences that can be expected to be 
exceeded with a fixed probability, say 
once in twenty determinations. Follow- 
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ing discussion of this subject, A. C. 
Fieldner, Chairman of Committee D-5, 
appointed the following personnel of a 
special section on Uniformity of Ana- 
lytical Data of Subcommittee I on 
Methods of Testing: D. H. Davis, R. 
E. Gilmore, B. A. Landry, O. W. Rees, 
W. A. Selvig (ex officio), and H. H. 
Lowry, Chairman. It is with gratitude 
that the authors of the present report 
acknowledge the benefit of discussion 
with members of this committee of the 
data presented herewith; the conclusions 
drawn, however, are the sole responsi- 
bility of the authors. Valuable assist- 
ance has been rendered, particularly on 
statistical methods, by H. G. Landau, 
formerly a Member of the Staff of the 
Coal Research Laboratory. 
Cooperation of the following organiza- 
tions in supplying the analytical data for 
this study is gratefully acknowledged: 


Babcock & Wilcox Co. Ls 


Bethlehem Steel Co. 
Canadian Bureau of eae 
Commercial Testing and Engineering Co. 
Consolidated Edison Co. of New York 
Detroit Edison Co. Ree 
Foster Wheeler Corp. 
Froehling and Robertson,Inc. 
Fuel Engineering Co. of New York 
Illinois State Geological Survey 
Pennsylvania State College “45 
Pittsburgh Coal Co. 
Rochester Gas and Electric 
Toledo Edison Co. 

U. S. Bureau of Mines 

U. S. Steel Corp. of Delaware 
University of Alberta 

University of Iowa 


Each organization was asked to fur- 
nish the committee the results of du- 
plicate analyses of coals for all the 
qualities listed in Methods D 271 which 
normally were made by their laboratory. 
It was pointed out that the analyses for 
the different qualities did not have to 
refer to the same coals. In order to 
avoid bias in the selection of the data 
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to be submitted to statistical analysis, 
it was asked that the following procedure 
be followed: ‘Starting with a recent— 
preferably the latest—analysis for any 
given quality, report in inverse chrono- 
logical order with no omission the 
individual analytical results up to 100 
pairs. If, in selecting the analytical 
data this way, cases are found where it 
was necessary to make a third (or more) 
determination all three (or more) de- 
terminations should be given. For the 
purpose of the committee, it is desirable 
that the subdivisions listed in Part B of 
Section 43 of Methods D 271 each be 
regarded as a separate analytical proce- 
dure; for example, there would be given 
100 pairs of observations each for 
moisture values below 5 per cent and 
for moisture values above 5 per cent. 


If 100 pairs of observations are not = 


available, a smaller number can be used 
with a decrease in the accuracy with 
which the error may be determined. 


Also, if any change in procedure was “ 


introduced in the sequence of the 100 SP 


pairs of observations this point should 
be indicated. 
parts in any way from the A.S.T.M. 
standard, this should be stated, though 
for the purpose of this committee the 
deviation in procedure need not be 
described.” 


If the method used de- 


In reporting the data requested, it ot 


was asked that the following details 
should also be observed. 


basis, but the basis used should be stated. 
Analytical data should be given to the 
second decimal place, calorific values 
to the nearest Btu., and ash softening 
temperature to the nearest degree 
Fahrenheit. 
procedures for determination of sulfur, 
and it is, therefore, important that the 
method used be designated. Likewise, 


if the modified procedure for determina- __ 
tion volatile Section 14(5), 


“Data may 
ebe on either the as-received or air-dried _ 


4 
* 


The A.S.T.M. gives three 
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is used for only an occasional sample that there were “‘no carbonates present”’ an 
the data should be omitted, but if this unless the procedure used was that given on 
procedure has been used on more than in the specification for ash containing da 
30 samples the data should be given carbonates.” of 
separately from the 100 pairs of observa- The results of this study are let 
tions by the standard procedure. The summarized in Tables I to VII. In th 
permissible difference of 54F. in Part addition to reporting the numerical a 
in 
TABLE I.—MOISTURE.*? we 
| 
| Min. Max. | =n’ | m’ | s’ | | na 
res 
A. <5 Per Cent: Permissiste Dirrerence = 0.2 Per Cent. 
0.09 4.12 203 100 | 0.038 | 200 9 | 0.0% | 0.5 <10 
0.51 2.02 96 48 | 0.029 | 9% 48 | 0.029 | 0.8 <10 — 
0.06 4.86 | 201 100 | 0.041 | 199 9 | 0.036 | 0.8 <10 
0.17 4.89 202 100 | 0.057 | 194 or | 0.043 | 0.5 <10 ~ 
0.04 4.30 | 201 100 | 0.054 | 198 99 | 0.048 0 <10 
0.30 4.29 | 200 100 | 0.053 | 200 100 | 0.053 | 0.3 <10 
S 
0.25 4.13 | 110 3s | 0.060 | 108 s4 | 0.084 | 0.2 <10 7 
0.40 3.22 200 100 | 0.060 | 200 100 | 0.060 | 0.3 <10 
1.84 4.70 500 100 | 0.078 | 460 92 | 0.061 | 1.1 | (<10) 
G 
0.34 4.78 | 200 | 100 | 0.063 | 200 | 100 | 0.063 | 0.2 | <tfo 2 
0.68 2.35 200 100 | 0.078 | 200 100 | 0.078 | 1.0 <20 
2.40 4.87 200 100 | 0.088 | 200 100 | 0.088 | 0.1 <50 Cle: 
0.81 4.92 200 100 | 0.098 | 198 99 | 0.090 | 0.3 <50 
0.11 5.00 129 64 | 0.109 | 127 63 | 0.093 | 0.5 <50 
0.6 3.3 201 100 | 0.103 | 198 99 | 0.096 | 1.2 | (<50) Ray 
0.5 5.0 380 190 | 0.116 | 380 190 | 0.116 | 0.9 | <100 
B. >5 Per Cent: Permissiste Dirrerence = 0.3 Per Cent. 
e 
| 
6.28 23.85 | 200 100 | 0.049 | 194 97 | 0.039 | 0.7 <10 
5.10 31.90 | 206 100 | 0.080 | 198 98 | 0.061 | 0.9 <10 Rae 
4.99 23.01 | 200 100 | 0.070 100 | 0.070 | 0.1 <10 
4.99 17.06 | 200 | 100 | 0.097 | 200 | 100 | 0.097 | 0.6 <10 
5.02 13.46 | 200 100 | 0.116 | 200 100 | 0.116 | 0.4 <10 
5.13 | 39.80 | 32 16 | 0.165 | 32 16 | 0.165 | 0.1 | <i00 
The significance of the symbols is as follows: 
ax. = maximum value for a Single determination, % 
=n = total number of analyses reported, 
m = number of samples, 
Aes standard error of difference between duplicate analyses, 
Zn’, m’, and s’ = the values of En, m, and s after eliminating samples for which the analyses showed evidence of gross Refi 
error (see text), mid 
“9 bates __ B’ = an approximate measure of the normality of distribution of errors after elimination of gross errors 


(see text), 
= calculated frequency of exceeding the A.S.T.M. “permissible” difference between duplicate determina- 


tions per thousand, 
<10 = 0 to 9.9, <20 = 10 to 19.9, etc. 
> The letters designating the cooperating laboratories are primed if it was stated that the penton used departed an 
in any way from A. st M "Stethods 271. Ifa letter appears more than twice in a table, the laboratory so designated 
furnished more than one set of analyses. To conceal the identity of the laboratories, the assignment of letters is different rel; 


in each table. 


org 
B of Section 43 of D 271 applies only to values derived from the statistical analy- & 
ash-softening temperature; it would be _ sis of the data by the methods described tr 
highly desirable to have 100 pairs of in following paragraphs, each table con- ‘s] 
observations for each of the temperatures tains columns showing (1) the labora- Pe 
characterizing initial deformation, tory designated by a code letter which tor 
softening point, and fluid point, if these reported the data, (2) the minimum and the 
data are available. In connection with (3) the maximum value of the quality wit 


ash determinations, it may be assumed 


measured, (4) the total number of 
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analyses, and (5) the number of samples 
on which the analyses were made. The 
data are listed in each table in order 
of decreasing precision and the code 
letters were assigned, beginning with 
the letter ‘‘A,”’ in the same order. If 
a code letter appears more than once 
in a table, more than one set of data 
were furnished by the laboratory desig- 
nated by that letter. This procedure 
results in a different code for each table 


On STATISTICAL StuDY OF COAL AND COKE 


more of the code letters should be 
primed than are now so shown in the 
tables. 

The statistical study included first a 
calculation of the standard error of the 
difference between pairs of determina- 
tions and the results are reported in the 
columns of the tables headed by s. 
Each set of data was then examined 
for “gross errors,’”’ which were arbitrarily 
taken as those cases where the difference 


TABLE II.—ASH: PERMISSIBLE DIFFERENCE = 0.2 PER CENT.* 


Remarks | | Min. | Max. | | m s | | B’ y’ 
Bet 0.82 | 17.74 | 200 100 | 0.034 | 196 98 | 0.029 | 0.3 <10 
ate 3.24 6.02 | 200 100 | 0.048 | 198 99 | 0.045 | 0.8 <10 

Stove coke a 7.78 | 11.92 | 200 100 | 0.071 | 194 97 | 0.009 | 1.5 | (<10) 
| ae 2.05 | 19.01 | 200 100 | 0.080 | 196 98 | 0.050 | 0.3 <10 

RS 2.05 | 16.37 | 100 50 | 0.052 | 100 0.052 | 0.1 <10 

Gas coal .....3. 5.32 7.41 | 202 101 | 0.063 | 200 100 | 0.059 | 1.0 <10 
ee 4.73 | 11.33 | 200 100 | 0.075 | 194 97 | 0.063 | 0.3 <10 

Clean coal ee 4.20 9.95 | 212 100 | 0.112 | 204 98 | 0.063 | 0.2 <10 
eee 6.25 | 11.92 | 200 100 | 0.072 | 196 98 | 0.064 | 0.2 <10 

rere 3.11 | 18.96 | 208 100 | 0.119 | 199 97 | 0.065 | 1.0 <10 

Raw coal | eine 3.65 | 10.05 | 208 100 | 0.106 | 198 97 | 0.068 | 1.0 <10 
EADS £ 2.15 | 19.05 | 600 300 | 0.082 | 600 300 | 0.082 | 0.1 <0 

Steam coal ae 6.44 | 13.58 | 200 100 | 0.126 | 194 97 | 0.082 | 0.7 <20 
Wet basis i <j 8G 2.01 | 11.57 | 207 100 | 0.099 | 198 97 | 0.083 | 0.6 <2 
Pevanckt 1.12 | 28.17 | 233 100 | 0.096 | 225 98 | 0.088 | 1.0 <50 

Raw coal ilk 10.05 | 24.45 | 206 100 | 0.118 | 194 97 | 0.090 | 0.1 <50 
Beco acta 6.12 | 16.34 | 200 100 | 0.097 | 200 100 | 0.097 | 0.4 <50 

isica. <2 11.95 | 60.53 | 200 100 | 0.117 | 198 9 | 0.110; 0.9 | <i00 

Te oss wih 9.66 | 15.11 | 207 100 | 0.118 | 204 9 | 0.112 | 0.3 | <100 

; ie 5.06 | 11.93 | 247 100 | 0.159 | 232 9 | 0.133 | 1.6 | (<200) 

ele css 3.14 |. $8.18 | 198 99 | 0.151 | 194 97 | 0.135 | 1.1 | (<200) 

at ae es 23 3.59 | 23.92 | 118 59 | 0.138 | 118 59 | 0.138 | 0.5 | <200 
ney. Q ee 5.1 10.2 204 102 | 0.161 | 204 102 | 0.161 0 | <500 

SS AE ty 1.71 | 35.42 | (200 100 | 0.168 | 200 100 | 0.168 | 1.1 | (<500) 
ae 1.89 | 93.41 | 236 100 | 0.218 

Refuse and RES 35.20 82.25 222 100 0.477 
middlings 


® See footnotes to Table I. 


ind was followed to insure that the 
relative precision of the collaborating 
organizations would not be disclosed 
by this report. If any laboratory in- 
dicated that the method used was not 
strictly the A.S.T.M. method, but 
“slightly modified,” the code letter for 
that case is primed. Since some labora- 
tories did not make specific statements 
that the A.S.T.M. methods were used 
without modification, it is atte that 


between duplicates exceeded 3.3 times 
the standard error of the difference, 
since if, as assumed, the errors follow 
the normal law of error, such values 
should occur with a frequency of only 
one in a thousand. The mathematical 
procedures used will be described in 
detail and illustrated in following para- 
graphs. 

Following the examination of the 
data for gross errors and removing them 
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from consideration if present, new values ference may be determined. This fre- 
of the total number of analyses, =m’, quency is designated as Y’ in the tables 
the number of samples analyzed, m’, and the units are number per thousand 
and the standard error of the difference, observations. The calculated frequency, 
s’, were calculated and these values are Y’, is reported as falling in a given range 
also tabulated. The number of observa-. such as <10, <20, <50, etc., where 


TABLE 
Remarks | Min. | Max. | In | m | s zn’ | om’ | B’ | y’ 
A. Brruminous Coats, STANDARD ProcepuRE: PERMISSIBLE DIFFERENCE = 0.5 Per CENT. ‘ 
| eee 15.33 | 43.23 197 91 | 0.169 | 197 1 | 0.169 | 0.6 <10 
eS 16.25 | 44.20 | 153 75 | 0.180 | 153 75 | 0.180 | 0.4 <10 
C........| 15.49 | 43.94 | 155 74 | 0.233 | 149 72 | 0.188 | 0.2 <10 
Ree 16.34 | 45.36 78 39 | 0.205 78 39 | 0.205 | 0.1 <2 
eR 16.80 | 43.78 | 198 99 | 0.206 | 198 99 | 0.206 | 0.1 <20 1 
Morisethy 21.32 | 42.47 | 205 100 | 0.837 | 190 95 | 0.206 | 0.5 <2 
SE 31.50 | 39.93 | 200 100 | 0.214 | 200 | 100 | 0.214 | 0.6 <2 
eased 18.56 | 47.58 | 192 0.224 | 192 | 96 | 0.2% | 1.0 <50 
6c 15.4 27.7 204 102 | 0.225 102 | 0.225 | 0.4 <50 
oe 21.05 | 42.73 99 | 0.226 | 233 9 | 0.226 | 0.5 <50 
Gascol | K........ 32.14 | 35.66 | 202 101 | 0.256 100 | 0.230 | 0.7 <50 
wat BA 8 | 44.8 100 | 0.273 | 201 0.249 | 0.4 <50 = 
Steam coal ee cracste 27.16 | 38.31 | 200 100 | 0.252 | 200 | 100 | 0.252 | 0.6 <50 
es Gand 16.11 | 41.39 | 100 50 | 0.272 | 100 50 | 0.272 | 0.4 | <100 or 
15.33 | 38.35 | 110 Si | 0.419 | 102 49 | 0.328 | 0.1 | <200 
“Semi-anthra- | O........ 7.57 | 19.95 | 113 45 | 0.419 | 109 44 | 0.331 | 0.2 | <200 
cite” Cc’ 
15.7 38.0 294 147 | “0.378 | 204 | 147 | 0.378 | 2.2 | (<200) A.. 
To “anehy 14.76 | 37.27 | 230 100 | 0.436 | 230 100 | 0.436 | 0.2 | <S00 H. 
Wet basis (Sane 16.78 | 44.94 | 247 100 | 0.613 E, 
B. Brruminous Coats, Moprrrep ProcepURE: PERMISSIBLE DIFFERENCE = 0.5 PER CENT. 
eau | 29.26 | 40.85 | 213 | 100 | 0.165 | 211 99 | 0.156 | 0.6 <10 D. 
Lgyet. 17.85 | $3.44 | 198 | 99 | 0.188 | 198 99 | 0.188 | 0.5 <10 Es. 
at ‘| 36.95 | 57.60 | 205 100 | 0.213 | 205 100 | 0.213 | 0.3 <2 J. 
: PAS 25.05 | 43.41 | 220 | 100 | 0.563 | 216 99 | 0.502 | 0.5 | <500 = 
C. Anruractre Coats AND CoOKEsS: PERMISSIBLE DIFFERENCE = 0.2 Per CENT. Pi 
ae ae 9.86 | 14.24 18 9 | 0.06 | 18 9 | 0.066 | 0.5 <10 B.. 
Stove coke WEP 0.36 1.71 | 200 | 100 | 0.090 | 196 98 | 0.080 | 0.4 <2 Cc’. 
Anthracite 2.64 | 5.89 57 26 | 0.103 | 57 26 | 0.103 0 | <100 
Coke Dcgiay 0.42 | 9.51 | 206 100 | 0.131 | 203 99 | 0.121 0 | <100 Ei. 
RP 5.90 | 11.85 50 25 | 0.159 50 25 | 0.1599 | 0.9 | <500 F.. 
3.35 | 9.65 42 21 | 0.215 | 42 21 | 0.215 | 0.3 | 
Anthracite | Rs 3.10 | 8.75 | 134 55 | 0.518 | 122 52 | 0.265 | 0.5 | <S00 H.. 
Anthracite 3.6 9.8 102 | 0.320 | 102 Si | 0.320 | 0.6 | >500 I.. 
REIS: 2.47 | 15.00 22 | 0.321 44 22 | 0.321 | 0.2 | >500 
Coke 7.3 23.5 107 45 | 0.499 | 92 42 | 0.341 | 0.6 | >500 
See footnotes to Table I. 
> These analyses were arbitrarily withdrawn from a set of analyses reported for ‘“‘anthracites,”’ see Table IIIC. 
tions excluded by this procedure is <20 signifies a frequency of 10 to 19.9, “3 
readily obtained from the difference of <50 signifies a frequency of 20 to 49.9, ; 
Xnand =n’. From the ratio of s’ tothe etc. This method of reporting the re- 
permissible difference shown in Methods sults of the calculated frequency of 
D 271, and use of probability integral errors exceeding the permissible dif- Ee 


tables, the frequency of occurrence of ference for duplicate analyses was chosen 
errors exceeding the permissible dif- to avoid the possibility of attributing 
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® See footnotes to Table I. 


TABLE V.—ASH FUSION CHARACTERISTICS.? 
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A. Inrr1AL DEFORMATION TEMPERATURE IN DEGREES FAHRENHEIT: ASSUMED PERMISSIBLE DIFFERENCE = 54 F. 
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® See footnotes to Table I. 


fre- TABLE IV.—CALORIFIC VALUE, BTU. PER POUND: PERMISSIBLE DIFFERENCE = 0.3 PER CENT.* 48 oe |i 
100 | 0.112 | 199 98 | 0.089 
? 9983 | 14989 |. 200 100 | 0.098 | 200 100 | 0.098 
nge C.......:| 11671 | 15 263 98 49 | 0.099 | 98 49 | 0.09 
i 
8898 | 15263 | 203 | 100 | 0.162 | 198 9 | 0. | 
| 15074 | 200 | 100 | 0.177 | 198 9 | 0.1 — 
| 44228 | 200 | 100 | 0.170 | 200 | 100 | 0.1 2 
13619 | 14998 | 206 | 102 | 0.175 | 206 | 102 | 0. 
H........| 10145 | 14929 | 205 | 100 | 0.186 | 202 9 | 0. ee Se 
y’ 1.......)} 11312 | 15139 | 206 | 100 | 0.213 | 206 | 100 | 0.: a 
13100 14 634 200 | 100 | 0.217 | 200 100 | 0.2 
cy} 40-723 «| «14655 | 200 | 100 | 0.221 | 200 100 | 0.221 ee 
L........| 12668 | 14715 80 39 | 0.226 | 80 39 
< 
<10 M.......| 10615 | 15158 | 162 78 | 0.326 | 155 77 0.231 i 
<10 |N........| 9392 | 15086 | 120 6 | 0.289 | 118 59 | 0. co 
12579 | 14403 | 202 | 100 | 0.274 | 202 100 | 0. 
< 
<20 10264 | 14949 | 232 | 100 | 0.353 | 228 9 | 0. 
<20 P........} 11192 | 12427 | 218 100 | 0.440 | 205 98 | 0.33 . oes 
7900 | 14902 | 258 | 100 | 0.542 | 258 100 | 0.542 
<2 sissesee] 10735 | 15325 | 406 | 182 | 0.863 | 397 179 | 0.73 > 500) -. 
<50 
<3 
<200 
<200 = 
< 200) A. 1847 | 2568 200 100 11.2 198 99 <10) 7 
300 H. 1 855 2713 168 83 14.7 168 | 83 <10 
we 
Es 2160 | 2600 200 100 15.3 200 100 
— 2 276 200 100 19.1 196 98 
1760 2770 210 100 26.9 208 99 <20 
<10 2 730 200 100 31.3: 190 95 Se 
<10 2 620 50 28.0 
<2 | 2 876 102 32.5 
B. Sorrentnc TEMPER N DEGREES 
— | 2 681 200 100 | 10.0 100 
<10 B.........| 2062 | 2819 | 100 50 | 10.5 50 
2 844 110 35 13.0 54 
<= D.........| 1998 | 2835 200 100 97 
<100 E........] 2200 2 670 200 100 100 
2 850 210 100 98 
G....---..| 1966 | 2796 | 200 100 100 
<500 2 800 164 81 80 
> 500 2 810 206 101 98 
> 
Ee........] 2200 2 670 100 50 50 
| 2878 202 101 | 101 
Ic. 
2 384 
19.9, 220 <10 
| 
233s 
1935 
dif- 2 220 
hosen 
yuting 


AND 
to the actual numerical value of the assumption in each case would require in 
calculated frequency an absolute sig- an inordinate amount of computation. tic 
nificance. However, as described below, an ap- Ge 
Calculation of the frequency, Y’, was proximate test for normality was made wé 
made with the assumption that theerrors which yielded the values, B’, shown in in 
Re: of analysis follow the normal law of the tables. Unless the value of B’ pr 
error. +That this assumption is generally exceeds a value of unity, the data them- ge 
TI 
TABLE VI.—SULFUR* int 
da 
Remarks Min. Max. In zn’ s’ B’ y’ 
i A. Escuxa Metuop, Sutrur < 2 Per Cent: Permissiste Dirrerence = 0.05 Per Cent. al 
0.24 1.73 | 201 | 100 | 0.023 | 198 | 99 | | 1.8 <10) 
0.93 206 100 026 | 198 97 | 0.019 | 1.3 <10) 
1.98 | 106 53 | 0.022 | 106 | | 0.022 | 0.3 50 -- 
1.99 | 152 7 | 0.023 | 152 | 7 | 0.023 | 1.2 | (<S0) 
1.87 198 87 | 0.025 | 195 | 8 | 0.023 | 0.1 <50 A 
2.01 78 39 | 0.08 | 76 | 38 | 0.027 | 0.4 | 
1.31 200 | 100 | 0.030 | 19% | 98 | 0.027 | 0.2 | <100 
2.02 | 200 | 100 | 0.030 | 198 | 99 | 0.029| 0.4 | <100 D’ 
1.99 132 66 | 0.033 132 66 0.033 | 0.9 <200 E.. 
1.84 82 40 | 0.042 | 82 | 40 | 0.042 | 0.8 | <S00 F. 
Sutrur > 2 Per Cent: Permissiste Dirrerence = 0.10 Per Cent ¢.. 
9.25 94 47 | 0.037 | 9 | 47 | 0.037 | 1.0 | <to 
6.87 | 207 | 100 | 0.061 | 197 | 97 | 0.08 | 04 | <20 - 
4.30 | 122 61 | 0.052 | 120 | 6 | 0.045 | 0.7 <5s0 
15.29 | 200 | 100 | 0.065 | 192 | 96 | 0.046 | 0.2 <50 A 
5.30 26 13 | 0.09 | 26 | 13 | 0.019) 0.8 | <S0 
16.86 56 26 | 0.09 | 56 | 2 | 0.09 | 06 | <S0 
3.62 66 33 | 0.074 | 64 | 32 | 0.054) 0.3 | <100 D’ 
22.74 130 60 | 0.08 | 124 | 57 | 0.054 | 0.7 | <100 I 
14.12 200 | 100 | 0.103 | 1 9 | 0.08 | 0.7 | <S00 H’ 
< 2 Per Cent: Permissiste Dirrerence = 0.05 Per Cent 
1.98 | 179 87 | 0.029 | 176 | 86 | 0.02% | 0.7 | <100 
2.01 160 80 | 0.030) 160 | 80 | 0.030 | 1.3 | (<100) 
1.56 96 48 | 0.037 | 96 | 48 | 0.037 | 0.9 
2.01 204 | 100 | 0.000 | 195 | 97 | 0.048 | 0.3 | <so0 B 
1.70 58 29 | 0.0601 | | 28 | 0.051 | 0.6 | <So0 I. 
1.96 | 160 80 | 0.061 | 158 | 79 | 0.053 | 0.3 | <S00 
D. Bows Metsop, Sutrur > 2 Per Cent: Permissrste DirrerENcE = 0.10 Per Cent 
Bi coc. 2.01 3.14 44 22 | 0.003 | 44 | 22 | 0.043 | 0.1 <20 - 
| ake 2. 3.38 26 13 | 0.053 | 26 | 13 | 0.053 | 0.2 | <i00 
N 2.05 4.02 40 2 | 0.096 | 38 | 19 | 0.071 | 0.3 | <200 
A 2.06 7.79 | 214 | 100 | 0.118 | 211 | 99 | 0.108 | 0.3 | <S00 
to 
* See footnotes to Table I. “J 
justified in the case of errors of measure- selves do not give an indication of de- pe 
ment is supported by a considerable parture from normality. However, this is 
literature. However, the validity of test of normality is not rigorous and gi 
the assumption was questioned by seve- may not show all abnormal distributions. _ 
ral of the collaborating organizations An examination of the tables indicates in 
when the first report of the results of that values of B’ greater than unity ol 
the statistical study of their data was occur very infrequently. In this con- a 


sent them. Absolute justification of this nection, a value of B’ equals 2.1 is given 
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in Table VII for the results of determina- 
tion of nitrogen by laboratory C. 
Generally the precision of this laboratory 
was excellent. However, as pointed out 
in our first report to the laboratory, the 
precision of the determination of nitro- 
gen was of an unusually low order. 
The explanation offered is of general 
interest in connection with all of the 
data submitted by the different labora- 


TABLE VII.—ULTIMATE ANALYSIS® 
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was necessary to include these erratic 
values. As a general rule we have no 
particular difficulty with this determina- 
tion. The error in the above case was — 
personal and, once spotted, this opera-— 
tor had no further trouble in getting his 
determinations to check within the _ 
tolerance allowed by A.S.T.M. Methods | 
D 271.” From this explanation, it may _ 
be that certain sets of data which give _ 


Labo- 
ratory Min. Max. mn m in m’ s’ B | 
A. Carson: Permissiste DirrerRENcE = 0.3 Per CENT. 
Rizo 53.06 84.41 201 100 0.116 201 100 0.116 0.2 | 
59.40 90.01 202 100 0.138 202 100 0.138 0.1 
Gob Maree 54.41 88.78 206 100 0.148 203 99 0.140 0.2 | 
57.46 88.23 210 100 0.296 204 98 0.214 0.2 
62.89 86.21 268 99 0.238 268 99 0.238 2.5 
74.09 95.20 120 60 0.447 118 59 0.268 0.3 
36.9 76.85 100 50 0.272 100 50 0.272 04 | 
34.10 | 91.10 124 0.420 118 48 0.317 0.4 | 
34.32 92.72 270 100 0.505 252 95 0.409 0.9 } 
B. Hyprocen: Permissiste DirrereENce = 0.07 Per Cent 
Beda dived 2.32 6.02 201 100 0.033 201 100 0.033 0.5 
— 0.76 8.30 202 100 0.048 199 0.039 0.5 | 
esaetaet 3.52 5.67 206 100 0.043 203 99 0.040 0.1 
Wrischasey 2.74 5.54 211 100 0.065 204 97 0.055 0.3 
| ap ee 0.59 7.10 279 100 0.117 97 0.080 1.4 
) ae 0.34 5.78 127 50 0.143 121 48 0.088 0.8 
es tuna 1.62 5.55 273 100 0.139 261 96 0.098 2.4 
Diesen 1.44 6.04 120 0.136 120 60 0.136 1.8 
C. NrrroGen: Permissiste DirrereNce = 0.05 Per CENT 
pay Seas 0.61 2.24 202 100 0.021 196 98 0.015 1.0 
| rer ens 0.58 4.58 200 100 0.025 200 100 0.025 0.3 
ES See 0.20 2.89 206 100 0.045 201 98 0.033 1.2 
Re 0.64 1.68 197 90 0.037 197 90 0.037 0 
, ales RE 0.75 1.76 244 100 0.099 220 95 0.060 2.1 
Fit vessed 0.79 1.75 26 13 0.091 26 13 0.091 0.7 


* See footnotes to Table I. 


tories and is directly quoted herewith. 
“T am sorry that our nitrogen results 
caused your committee worry in pre- 
paring their report, particularly as there 
is an explanation that should have been 
given at the time the results were sub- 
mitted. Part of the nitrogen values 
included were obtained by a new 
assistant who had considerable difficulty 
with this test. Since you had asked for 
the last 100 duplicate determinations, it 


values of B’ greater than unity do not _ 
follow the normal law because the 
observations were made by more than 
one analyst. If each of the analysts — 
followed the stated procedure with quite — 
a different average error, the resulting» ay 
composite data would not yield errors 

which were distributed according to the a6 
normal law. Furthermore, a change 7: 
equipment or in precision with time 

over the period during which the data 
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were accumulated would also cause a 
distribution of errors which was not 
normal and yield a value of B’ greater 
than unity. 


MATHEMATICAL PROCEDURES 


The determination of the standard 
difference was made by the procedure 
described by Deming and Birge.* 

If we have several sets of measure- 
ments of quantity such that the average 
value differs in the different sets but the 
standard deviation in each set is the 
same, that is, the sets of measurements 
have been made with the same precision, 
then it is possible to combine all the 
values to obtain an accurate estimate 
of the standard deviation. 

If x11, X12 -**, Xin, are the m, values 
m3 in the first set 
X21, X22 ***, Xeng the me values in 
the second set 


Xmiy Xm2, °***, Xmn, the m», values 
in the last (m th) set, 

where M2, -***, Mm are not neces- 

sarily equal, we calculate for each set 

the sum of square of the deviations from 


Then our estimate of the standard devia- 
tion is: 


+ On 


m + + +++ + tm — 


c= 


which is the sum of the squares of all 
the deviations, calculated from the 
mean of each set, divided by the total 
number of observations minus the num- 
ber of sets. 


W. E. Deming and R. T. Birge, ‘‘On the Statistical 
Theory of Errors,” Review of Modern Physics, Vol. 6, 
pp. 119-161 (1934), especially pp. 162 and 158. 


If the sets consist of pairs, the formula 
and the calculations become simpler. 


We have: 
= = Nm = 2 
so that 
‘ 
+ Me + +++ + 2m —m = 2m —m =m. 
Also, 


Qi = (x — %)? + — 


: 


where A; is the algebraic difference be- 
tween the two values in the i th pair. 
Then 


©, 2m 

that is, the sum of the squares of the 
differences between the values in each 
pair divided by twice the number of 
pairs. 

Illustration of the application of this 
procedure is relatively simple in the 
case of duplicate determinations. For 
this purpose certain data from the 
analysis of coal containing more than 2 
per cent of sulfur will be used. First 
the difference between the original per 
cent dry sulfur determination and the 
duplicate is recorded for each sample. 


Original Duplicate Difference 


Ai 


2.74 2.77 0.03 
eee 2.63 2.71 0.08 
2.26 2.25 —0.01 
3.79 3.81 0.02 etc. 


Next the summation of the squares 
of the difference is found. 


i=100 
= (0.03)? + (0.08) 
t=1 
+ (—0.01)? + (0.02)? + --- = 1.0683, 
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Ai = (x2 — 


To find o* this value is divided by 
twice the number of samples, m, (in 
this case m = 100 samples), or 


= 0.07309 


The value o represents an estimate of 
the standard deviation of a single 
observation; that is, it defines the 
distribution of individual observations 
about the mean. For the purpose of 
this study, the difference between pairs 
of such observations is of greater utility 
than the deviations of individuals from 
their average. Since the difference be- 
tween pairs is given by 


A= 


its distribution is determined by the 
standard deviation of the x according 
to the theorem* “‘if x1, x2, are 
independent variables with variances 
oi, 03, o%, the function w = + 
CoXe + CnX%, has a variance o% = 
dot + doi + + cro%. Hence, 
the standard deviation s of the A; is 
given by 


2 2 2 2 2 
S =o,+t+o,=¢ +60 = 
s = 


In data where more than two deter- 
minations are made on an occasional 
sample the standard deviation o must 
first be calculated according to the un- 
abbreviated procedure given in Eggs. 1 
and 2. For those observations which 
were made in pairs, the differences be- 
tween pairs will have the distribution 
efined by s, Eq. 5. Where more than 
two determinations were made, it is 
necessary to determine the standard 
error of the difference from the mean 
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ire, 


x 


of the observations made by the applica- 
tion of theorem given above.‘ Thus, if 
w is this difference, defined by 


Wn = Xj — 
n 


its standard deviation, S,, is defined by: 


3 = 


= 


This quantity differs from o because it 
is referred to the mean of a limited 
number, », of observations, which is not 
necessarily the same as the true mean 
of the distribution from which @ is 
measured. 

Assuming that a normal distribution 
applies, the value Y’, the number of 
cases in 1000 exceeding a given permis- 
sible difference x; can be found from a 
table of integrals for the normal curve. 
Since these tables appear in more than 
one form, 


table for 


1 
V 2s 
was used in the example below, with the 
equation: 


Y’ = number exceeding x, in 1000 


The factor 2 multiplying the probability 
integral is used because it is necessary 
to consider both tails of the distribution. 


4j. F. Kenney, ae of Statistics,” Vol. II, 
on VII 


. Van Nostrand Co., New York, 
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For instance, from the data on sulfur 
greater than 2 per cent given previously, 


s = V2e = 0.10336, x1 = 0.10, and 


t = < = 0.9675. The table for the 
integral of the normal error function, 


t t2 
(Gel gives for? = 0.96 a 
value of 0.33147 and for ¢ = 0.97, a 
value of 0.33398. Interpolation gives 
for 0.9675 a value of 0.33335. Sub- 
stituting this value in the equation 
above gives 


FF = 1000 [1 — 2(0.33335)] = 333.3 


As stated previously, before the data 
were studied further to check the as- 
sumption of normal distribution of 
errors, they were treated to remove all 
samples where excessively great dif- 
ferences indicated the occurrence of a 
gross error. Ordinarily this is done by 
removing all values whose difference 
from the mean exceeds 3 times the 
standard error. In this case, the factor 
(3.3) was used to reduce the probability 
of removing normal values. The factor 
(3.3) so divides the normal distribution 
that in less than 1 in 1000 normal values 
will the difference from the mean exceed 
3.3 times the standard deviation, and 
the probability that a normal] value will 
be removed from data of 100 duplicate 
determinations (a typical set of data) 
is p = 0.097. For duplicate analyses 
all samples where 


—m| > 


were removed. Where m determina- 
tions were made on a sample (m > 2), 
the sample was removed if 


| — & | > 


for any one of the m determinations, 
aij. New values of o, s, and 5S, were 
calculated for data where values were 
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removed, and the above tests repeated 
using the new values of s and §,. This 
process was continued until all such 
gross errors were eliminated. As a 
result of this procedure the values of 
=n’, m’, and s’ reported in the tables 
were obtained. 

The test of the data for normality 
of distribution of errors was only an 
approximation and was based on the 
fact that in normal distributions one 
half of the values falls outside the range, 
= + 0.6745 times the standard devia- 
tion. In the case considered herein, 
one half of the n differences, |x;; — 2; 
should, on the average, exceed 0.6745 8... 
This distribution is satisfied only for 
a large number of observations, so the 
test obviously cannot be applied to the 
small number of determinations, usually 
two and never more than six, made on 
a single sample. It can have meaning 
only if all the data in a set, which may 
include determinations in duplicate, in 
triplicate, etc., can be combined. 

Now a determination in~ duplicate, 
involving two observations, provides 
only one estimate of the difference from 
the mean. Similarly, a determination 
in triplicate, involving three observa- 
tions, provides two estimates of dif- 
ference from their mean, since the third 
can be calculated from the other two; 
and, in general, m; observations provide 
n; — 1 independent estimates of the 
deviation from their mean. Hence, the 
total number of independent estimates 
of the deviation that may be obtained 
from m sets of n; observations is: 


(m, — 1) + (m2 — 1) + +++ + (ttm — 1) = En — m 


If Ne of the m sets are pairs, N3 are 
in triplicate, so that: 


2N2 + 3N; + -++ = In 


and the number of independent observa- 
tions of the deviation is given by: 


N2+2N3+--- =in—m 
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it may be expected, for a normal distribu- 
tion, that on the average: 
3(2 Ne) determinations on pairs will 
have |ws| exceeding 0.6745 S, 
Ns) determinations on threes 
will have |ws3| exceeding 0.6745 S; 
3(4 N,) determinations on fours will 
have |w,\ exceeding 0.6745 Sy, etc. 
where the w’s and S’s are defined by 


Eqs. 6 and 7. Of these, however, 
only 3(N2), Ns), - will be in- 
dependent observations, so that the 


total number of independent observa- 
tions of differences from the mean 
greater than the appropriate 0.6745 S,, 
will be: 


+ 2N3 + + (r — 1)N,] 


= 


In any particular case, the total 
number of observations lying outside 
the appropriate 0.6745 8S, limits will 
differ from this average value by an 
amount e which, itself, has a binomial 
distribution about zero with standard 
deviation 


In less than one out of twenty sets 
of normal data will |e| exceed 2c, 
pb = 0.0455). Since there are usually 
far less than twenty sets of data in any 
group, this probability is small enough 
to suggest the use of 2 o, as a limit for 
| 


e,. The value B listed in the tables is: 


so if B is less than one (that is, |e|<2¢,), 


the data do not give an indication of 
departure from normal. 


DISCUSSION OF RESULTS OF THE 
ANALYSIS 


As stated previously, Tables I to VII 
summarize the results of the study of 
the data submitted. The significance — 


Ow Stupy oF CoAL AND COKE 881 


of the symbols used as headings of the 
columns has been pointed out in pre- 
ceding paragraphs. All values for Y’, 
the expected frequency of differences 
between duplicate analyses exceeding the 
permissible difference of Method D 271, 
for sets of data which, according to the 
test for normality of distribution of 
errors, yielded a value of B’ greater than 
unity are bracketed. It would possibly 
be more logical to omit the derived 
figures for precision of the tests for these 
sets of data, though the infrequency of 
occurrence of values of B’ considerably 
greater than unity renders this proce- 
dure doubtful in significance. 

Also, the method of treating the data 
from laboratories which have stated that 
the procedures used are those of the 
A.S.T.M. “slightly modified” is open 
for discussion. 

It will be noted that the precision of 
the different determinations varies from 
laboratory to laboratory. In attempt- 
ing to derive any general conclusion on 
the precision of the determinations, it 
must be recognized that the standard 
error of difference, s or s’, also has a 
standard deviation which is propor- 
tional to the reciprocal of the square 
root of the number of observations 
minus the number of the samples in- 
cluded in the analysis. This means 
that the values reported for s’ and Y’ 
are determined with a lower degree of 
accuracy where — mi’) is small 
than where it is large. In drawing any 
final conclusions regarding precision of 
the analytical procedures, the different 
values of the s’ should probably be 
weighted proportionately to »/In’ — m’. 

In Table I A are reported the results 
on moisture determinations of coals 
containing less than 5 per cent moisture 
obtained from 15 laboratories. The 
standard error of difference between 
duplicates, s’, ranges from 0.024 to 
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quency of differences exceeding the 
permissible difference ranges from <10 
to <100 times per thousand. Analyti- 
cal procedures are frequently controlled, 
when statistical methods are used, to 
give the equivalent of a ‘permissible 
difference’ which will be exceeded not 
more than fifty times per thousand; this 
criterion will be used arbitrarily through- 
out the following discussion as a basis 
of questioning the reasonableness of the 
existing values of ‘permissible dif- 
ference” given in Methods D271. A 
permissible difference equal to 1.96 s’ 
would yield a value of Y’ = 50, so it 
is evident that the value specified at 
present is clearly on the liberal side. 
Only one laboratory would not be able 
to qualify for this precision. However, 
data submitted by one laboratory are 
excluded from the table since the preci- 
sion obtained was of an entirely different 
order of magnitude, the values of s’ 
and Y’ being 0.309 and >500, respec- 
tively. In assessing the value of statisti- 
cal studies of errors such as this, it is of 
interest that the laboratory which sub- 
mitted these data on receiving our first 
report examined the procedure followed 
in the moisture .determination and 
located the source of inaccuracy in the 
low sensitivity of the balance used for 
the weighings. A new set of data were 
then obtained with more accurate weigh- 
ing and the results which were obtained 
were analyzed and are reported in 
Table I A under the code letter I’. 
The new set of data show a threefold 
improvement in the precision of the 
determination. 

It is not the purpose of this report to 
recommend changes in the permissible 
differences specified by the A.S.T.M. 
for the analytical determinations on 
coal and coke. However, in each case 
it will be pointed out what permissible 
difference could be met by four-fifths 


of the laboratories, where the permissible dicated that the samples analyzed con- 
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difference is a value which would not be 
exceeded more frequently than fifty 
times in a thousand duplicate analyses. 
In this connection, where a third value 
is determined because the difference 
between duplicates exceeds 1.96 s’, that 
is, Y’ = 50, the average of all three 
values should have greater accuracy 
than the average of the two closest 
values if errors are distributed according 
to the normal law of error. Only if one 
of the three values differs from the 
average of all three by an amount 


greater than V3 s’, that is 1.91 s’, 


should it be not used in computing the 
final value to report. When four or 
more values are to be averaged, the 
factor times the permissible difference for 
determining whether one value should 
be discarded can be computed from 
consideration of statistical theory as 
outlined in the section of this report on 
mathematical procedures. 

Examination of the data in Table I A 
indicates that reduction of the permissi- 
ble difference from 0.2 to 0.15 per cent 
might be reasonable on the basis out- 
lined in the immediately preceding 
paragraph. 

Only six laboratories reported analyses 
of coals containing more than 5 per cent 
moisture (Table I B). The precision 
with one exception is greater than would 
be expected with a value of 0.3 per cent 
for the permissible difference. Reduc 
tion of this value to 0.3 per cent might 
be reasonable. 

The permissible difference given in 
Methods D 271 for duplicate determina- 
tions of ash in coal and coke is 0.2 per 
cent, unless the coal contains pyrites and 
carbonates and the ash over 12 per cent, 
in which case the permissible difference 
is 0.5 per cent. In submitting the data 
which were used to obtain the results 
shown in Table II, no laboratory in- 
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tained carbonates and that there was 
justification, therefore, for use of the 
higher permissible difference. How- 
ever, several laboratories, on receipt of 
the first report on the statistical study 
of their data, have stated that it was a 
fair assumption that in their coals, 
which contained more than 12 per cent 
ash, carbonates were present. This is 
unquestionably the case for laboratory 
R, Table II, which is located in a 
region where the coals frequently contain 
appreciable amounts of carbonate. 
However, since the data were not 
segregated into those containing 
carbonate and those not containing it, 
the data were treated uniformly with 
those from other laboratories. 

The data of Table II would seem to 
support a proposal that the permissible 
difference for ash determinations should 
increase with the ash content; this is 
particularly well illustrated by con- 
sideration of the data submitted by 
laboratories B and G. It seems doubt- 
ful that the requirements of Methods 
D 271 should be applicable to data on 
samples containing ash in amounts as 
high as 82.25 per cent reported by 
laboratory G on one set of samples or as 
high as 93.41 per cent reported by 
laboratory N and therefore complete 
analysis of these data is not reported in 
Table II. For the remaining sets of 
data the standard difference ranges from 
0.029 to 0.168 per cent. However, if 
one also excludes from consideration 
the data which yielded a value of B’ 
greater than unity and hence may in- 
clude errors not distributed according 
to the normal law, it would appear that 
a reduction in the permissible difference 
to 0.15 per cent for coals and cokes con- 
taining less than 10 per cent ash would 
cause little hardship; for higher ash 
coals this value might be raised to 0.25 
per cent and the restriction on proved 
presence of carbonates removed. 
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It appears from Table III A that most 
laboratories have little difficulty in 
determining volatile matter by the 
standard procedure without exceeding 
the permissible difference of 0.5 per cent 
in more than fifty times per thousand. 
When the modified procedure is used, 
Table III B, only one of the four labora- 
tories is out of line. However, the 
conditions are quite different for the 
precision of the determination of volatile 
matter in anthracites and cokes. Part 
of this difficulty may be attributed to 
inclusion of data on volatile matter for 
low temperature cokes which were of 
little or no commercial importance when 
the permissible differences were estab- 
lished. In this latter category, Table 
III C, only two of the ten laboratories 
report results which would accord with 
the established permissible difference 
of 0.2 per cent. Several of the labora- 
tories indicated difficulty with deter- 
minations of volatile matter content of 


anthracites and low temperature cokes. 
The data are inadequate to permit a 
justification of using the same permissi- 
ble difference for anthracites and low- 
temperature cokes as for ‘‘coke,”’ which 


undoubtedly meant high-temperature 
coke when the specification was estab- 
lished. It may be provisionally 
concluded that a permissible difference 
of 0.2 per cent is a reasonable value for 
coke, that the value should be about 
0.5 per cent for anthracite, and about 
0.7 per cent for low-temperature coke. 
These conclusions are particularly un- 
certain because of the relatively small 
number of analyses reported—most of 
which were segregated from the original 
reports on the basis of volatile matter 
but with confirmation from the reporting 
laboratory. 

It has frequently been stated that the 
calorific value of a coal is one of the most 
precise determinations that can be 


made on it. 
wy 


The data submitted, as 
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shown in Table IV, do not bear out this 
statement. In only four of the nineteen 
sets of data would the existing permis- 
sible difference not require at least a 
third determination to meet the require- 
ments of Methods D 271 more than fifty 
times in a thousand. From the data 
submitted, a reasonable value of per- 
missible difference would be 0.5 per cent. 
Even the higher limit suggested would 
require frequent redeterminations of 
calorific value for four of the laboratories 
if the specifications were strictly 
followed. In view of the importance 
of the calorific value in determining the 
relative use values of coals, the data 
submitted would indicate the need for 
frequent determination in multiplicate 
rather than in duplicate so that a high 
precision of the mean of the values 
obtained on a given sample will be 
assured. There also exists the possi- 
bility that a thorough examination of 
the calorimetric procedures now being 
followed by laboratories D to R inclusive 
might increase their precision to values 
comparable to that obtained by labora- 
tories A to C. 

The data reported on ash fusion char- 
acteristics are summarized in Table V. 
Although Methods D 271 contains a per- 
missible difference only for the ash- 
softening temperature (ST), Table V B, 
each laboratory was asked for data on 
determinations of both the initial de- 
formation (JDT) and fluid temperatures 
(FT) as stated in the introduction. 
Examination of the data reported indi- 
cated that in many cases duplicate deter- 
minations could not be strictly so con- 
sidered since the frequency of exact 
check determinations was inordinately 
high. Determination of ash-fusion tem- 
peratures is, to a much greater degree 
than other determinations, dependent on 
subjective factors. Accordingly, each 
laboratory was asked to state whether 
duplicate determinations as reported 


< 


were made in the same furnace at the 
same time. This was certainly the case 
for all of the data of laboratory C and 
some of the data for laboratories B and 
E,, and the data submitted by these 
laboratories should be given little weight 
in drawing conclusions on the precision 
of the tests. Laboratory E submitted 
two sets of data designated as E; and 
E2. As a general rule, this laboratory 
does not run ash-fusion determinations 
in duplicate and the first set of data were 
obtained by the operator generally run- 
ning two samples of the same ash in the 
same furnace together. ‘'n the second 
set of data, two separate determinations 
were made, and the operator was not in- 
formed of which samples were duplicate. 
There is a marked difference in the calcu- 
lated precision for the two sets of data, 
though it is not as large as might have 
been anticipated. If the data for labora- 
tories B, C, and E, are, therefore, not 
considered true duplicates, only the data 
of laboratories E2, F, G, and H for DT, 
of laboratories D, E, F, G, H, I, and J 
for ST, and of laboratories D, Ee, F, G, 
H, and J for FT may be regarded as 
significant for the purposes of this report, 
since the other data are excluded by 
failure to meet the test for normality of 
distribution of errors. Within these 
limitations, the standard differences ob- 
served range from 14.7 to 24.4F. for 
IDT, 12.2 to 29.4 F. for ST, and 17.5 to 
30.3 F. for FT. There does not appear 
any marked difference in the precision 
of the determination of the several char- 
acteristic temperatures. The permis- 
sible difference of 54 F. appears to be a 
reasonable value for the ash-softening 
temperature, and also for the other char- 
acteristic fusion temperatures. 

In Table VI there are given the data 
submitted for determination of the pre- 
cision of analysis of coals and cokes for 
sulfur by the Eschka and bomb methods. 
For each of these methods, the data were 
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separated into samples containing less 
than 2 per cent sulfur and those centain- 
ing more than 2 per cent sulfur. In 
general, it appears that the Eschka 
method is the more precise. The data 
would appear to indicate, on the pre- 
viously stated basis, that a reasonable 
permissible difference for determination 
of sulfur by the Eschka method in coals 
containing less than 2 per cent sulfur 
would be 0.06 per cent, while that for 
coals containing more than 2 per cent 
sulfur would remain unchanged at 0.10 
per cent. However, for the bomb 
method the values should probably be 
about 0.10 per cent and 0.15 per cent, 
respectively. 

From the data shown jn Table VII, it 
would appear that, with one exception, 
or possibly two, none of the laboratories 
reporting data on ultimate analysis can 
carry through the specified procedures 
for the determinations and meet the per- 
missible difference 95 per cent of the 
time. It may be suggested that the 
methods of D 271 for determination of 
carbon, hydrogen, and nitrogen are not 
closely enough specified. The data sub- 
mitted would indicate that the permis- 
sible difference for carbon might be 
raised to about 0.5 per cent, that for 
hydrogen ‘to about 0.15 per cent, and 
that for nitrogen to about 0.10 per cent. 
An alternative, as in the case of calorific 
value, would be to accept the necessity 
of making multiplicate rather than dupli- 
cate determinations so as to obtain the 
desired precision of the reported average. 
It may be that duplicate analyses ob- 
tained in combustion procedures could 
be obtained with greater precision if they 
were made more regularly. Analyses 
made after the combustion train has 
stood idle for a time are apt to be erratic 
until the system becomes regularized. 


SUMMARY AND CONCLUSIONS 


A statistical study has been made of 
data submitted by nineteen laboratories 
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on the analytical qualities of coal and 
coke for which methods of determination 
and permissible differences between du- 
plicate determinations are given in 
A.S.T.M. Methods D 271-402 If one 
is willing to accept the thesis that a 
“reasonable”’ permissible difference be- 
tween duplicate analyses is one which 
would not require a third determination 
by more than four-fifths of the labora- 
tories more than fifty times in a thou- 
sand, then the values shown below 
should be used rather than the present 
values. For purposes of comparison, 
there is also shown below the permissible 
difference that could be met by the 
laboratory making the particular deter- 
mination with the greatest precision. 


Moisture 


Carbonates. 
0.06 0.15 
0 


Volatile Matter 
Bituminous coals, etc. 
Standard procedure sa 0 
Modified procedure...... 0 
Anthracites and coke........ 
Anthracites........... 0. 
Coke (high temperature) 0. 
0 
0 


Coke (low temperature). . 
Calorific Value. . 


Ash Fusion Characteristics 
Initial deformation tem- 
perature.. oof 
Softening temperature. Ae, 25 F. 
Fluid temperature...........| 35 F. 
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ve if 
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“Most | « | 
Precise 
Labor; able” ci 
} atory” Permie- Permis- 
sible | piger- | Differ- 
Differ- — ence, it) 
ence, r cent|Per cent 
per cent|P® 
| | 02 
>5 per ce 0.08 0.2 0.3 . 
it 
| 05 
0.2 
0.5 0.2 
5 0.2 0.2 | 
0.7 0.2 
0.5 0.3 | 
| 
Ifur 
Eschka method | 
<2 per cent.. 0.04 0.06 0.05 r 
0.07 0.10 0.10 
Bomb method 
<2 per cent...............] 0.05 0.10 0.05 
| os | 0.3 | 
7 | 0.15 | 0.07 
3 | 0.10 | 0.05 


form).—This paper deserves the careful 
study of all those interested in coal 
analysis. For the purpose of gaining a 
knowledge of the errors to be expected 
in reported coal analytical data as re- 
lated to performance of coals in various 
uses, the study is quite useful. In 
addition, information of value to the 
coal analyst has been gained in regard 
to the precision to be expected when 
using A.S.T.M. standard procedures. 

It is interesting to note the variation 
in precision of results secured by various 
laboratories when using standard pro- 
cedures for which rigid tolerances are 
provided. These variations may indi- 
cate that the provisions of the method 
are not specific enough or that present 
specifications are not being followed as 
closely as could be. In any case this 
study should prompt each laboratory to 
check closely on the details of procedure 
now used as compared to the standard 
A.S.T.M. procedures. 

Strictly speaking, a statistical study 
of the precision to be expected when 
using standard procedures, assuming a 
normal distribution, should exclude those 
data not showing a normal distribution. 
However, as stated by the authors, the 
relatively few cases where the data 
submitted depart from a normal dis- 
tribution would seem to make such ex- 
clusion of doubtful significance. In 
addition it would seem that data ob- 
tained by modified procedures should 
not be included in a study of the pre- 


Chennist and Head, Analytical Division, Illinois 
State Geological Survey, Urbana, III. 
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cision of standard procedures. A study 
of Tables I to VII will show that the 
precisions of modified procedures show 
no distinct differences from those of 
standard procedures. However, _ it 
should be borne in mind that while a 
modified procedure may give satis- 
factorily checking duplicates, these re- 
sults may vary from results obtained by 
rigidly following standard procedures. 
In referring to Table II, which presents 
data on ash determination, the authors 
suggest that the data indicate the 


“proposal that the permissible differ- 


ence for ash determinations should in- 
crease with ash content.” May this 
not vary with the composition of the ash 
rather than with the amount? In sup- 
port of this suggestion a case of a coal 
containing considerable amounts of cal- 
cium and magnesium carbonates but 
practically no pyritic sulfur came to my 
attention. When ashed no difficulty 
was experienced in obtaining satisfac- 
tory results, although the ash value was 
rather high. On the other hand certain 
coals containing calcite and pyrite in 
appreciable quantities have given trouble 
although the ash content was not as 
high as in the previously mentioned 
sample. 

Mr. W. A. Setvic? (presented in 
written form).—The paper represents a 
lot of hard work in assembling and 
evaluating coal analysis data submitted 
by many cooperating laboratories and 
the results of the statistical study should 

2 Supervising Chemist, Coal Constitution and Miscel- 


laneous Analysis tion, Central 
U. S. Bureau of Mines, Pittsburgh, Pa. 
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prove of considerable value to Com- 
mittee D-5 on Coal and Coke. 

It is quite possible that the present 
permissible difference of 0.2 per cent 
between duplicate determinations of 
volatile matter in anthracite is too 
stringent and should be _ increased. 
Likewise, it seems advisable to have dif- 
ferent tolerances for high- and low-tem- 
perature cokes. 

One of the rather surprising results of 
the study is the relatively poor showing 
made in the calorific value determina- 
tion. This is a very important deter- 
mination in evaluating coal. It is 
questionable whether the permissible 
difference between duplicate determina- 
tions should be raised as high as 0.5 
per cent as this would mean 70 Btu. for 
a 14,000-Btu. coal. The present toler- 
ance of 0.3 per cent should not be 
difficult to meet if the attention is paid 
to the calorimetric procedure that its 
importance warrants. 

I believe it reasonable to allow a larger 
permissible difference in duplicate deter- 
minations for the bomb-washing method 
for sulfur than for the Eshka method. 
Inherently the bomb-washing method 
may be quite precise, but it is not as 
‘‘fool-proof” as is the old reliable Eshka 
method. In routine work, sufficient 
care is often not used in washing out 
the bomb completely. Years ago when 
we first investigated the bomb-washing 
method the results submitted by various 
cooperating laboratories in determining 
sulfur on the same coals were generally 
so unsatisfactory that it was believed 
that the bomb-washing method could 

10t be recommended as a standard 
method. Later tests gave satisfactory 
check results when the cooperating 
laboratories were cautioned concerning 
the importance of following strictly the 
pecified procedure. This is mentioned 
ecause certain methods are generally 
ore reliable when employed for routine 


work because they are not so much 
affected by variations in laboratory 
technique and the urge to “cut corners” 
by speeding up the procedures. 

Possibly the good showing made in 
the ash fusion test is because the co- 
operating laboratories realize that this 
is a comparatively difficult test and 
requires strict adherence to the specified 
procedure as published in the standard 
methods. 

It is not surprising that difficulties 
were experienced in the ultimate analysis 
in determining carbon and hydrogen, as 
this analysis requires a higher degree of 
manipulative skill and good condition 
of the combustion train, both of which 
are difficult to attain if determinations 
are made at irregular intervals. Here 
possibly it would be better not to raise 
the permissible differences between 
duplicate determinations but to make 
multiplicate rather than duplicate deter- 
minations to obtain the required pre- 
cision. 

Mr. O. O. MAttets® (by letter).— 
This study of actual differences between 
duplicates in determinations in the 
laboratory analysis of coal and coke 
should be of considerable value not 
only in the evaluation of the precision 
of the various methods but also in 
pointing out possible shortcomings in 
procedure, apparatus, or technique. 
Comments in this discussion will be 
confined to two determinations, namely, 
volatile matter and calorific value. 

In the case of the determination of 
volatile matter in anthracite and high- 
and low-temperature cokes, it is gener- 
ally known that too fine grinding of the 
sample will be the cause of erratic 
results. Rose‘ pointed out the effect 


3 Director, Inspection and Technical Service, Bitu- 
minous Coal Pr 


ucers Board for District No. 8, 
Cincinnati, Ohio. 


‘Harold J. Rose, ‘Some Conditions Affecting the Ac- 
curacy of the Determination of Volatile Matter in rT 
and Coke,’’ American Gas Association Monthly, Vol. 

p. 625 (1921). 
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of fineness in case of the determination 
of volatile matter in high-temperature 
coke. It is the experience of the writer 
that the analysis portions, for deter- 
mination of volatile matter in anthra- 
cite and high- and low-temperature cokes 
should have as much “near 60-mesh” 
material as possible to obtain in regular 
preparation. In case of several low- 
temperature cokes, it seemed necessary 
to increase the coarseness in order to 
have as much “near 8-mesh” material 
as possible. Lower values and smaller 
differences between duplicates were ob- 
tained in the latter case. 

Possibly this study, by Lowry and 
Junge, would indicate the desirability of 
reinvestigating the entire procedure to 
see if some modification, such as the 
coarseness of the analysis portion, may 
be made so that the present permissible. 
differences would not have to be ma- 
a 
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terially altered in case of the detentaine 
tion of volatile matter in anthracite and 
high- and low-temperature coke. 

In case of calorific value, the study of 
Lowry and Junge might indicate that 
the permissible differences should be 
increased. This, however, I believe, 
would be. unfortunate as it is the writer’s 
experience that many of the calorific 
values of coal used in the trade are 
unsatisfactory and that there is a need 
for improvement of the quality of 
calorific values in many instances. The 
writer’s own experience, in a laboratory 
making intermittent determinations, was 
that there was little difficulty checking 
within the permissible difference. Un- 
doubtedly, if this study only served as an 
aid toward improving the general quality 
of the important determination of calo- 
rific value, this study will have served 
a most useful purpose. 
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A RAPID METHOD OF ESTIMATING THE AS. TM. RING- AND- BALL 


_ SOF TENING POINT OF ASPHALTS 


The method icceniliiied has been used in our iia for the past s six 
The A.S.T.M. softening point of asphalt is estimated in approx- 
imately 10 min. starting with a liquid sample. 


months. 


covered. 


loaded with ball, to flow 1 in. 


and oxidized asphalts. 


The A.S.T.M. softening point? is one 
of the most commonly determined 
properties of asphalts. This softening 
point is not a melting point in the sense 
of representing a change in state, but is 
a temperature, determined by means of 
an arbitrary and rigidly defined method, 
representing some phase in the gradual 
change in asphalt consistency as the 
temperature is raised. The test is used 
as a control both in the manufacture and 
processing of asphalt and in laboratory 
work. Frequently the relatively long 
time (approximately 1} hr.) required to 
make a determination is a_ great 
disadvan‘aze. 

The test described here enables the 
A.S.T.M. softening point of asphalts in 
the range of 90 to 250 F. to be estimated 
in approximately 10 min., starting with 
a a liquid sample and some knowledge of 


1 Senior Chemist, and Junior Engineer, respectively, 
Research and Development Dept., The Atlantic Refining 
Co., Pi iladelphia, Pa. 

}Standard Methoi of Test for Softening Point of 
Biturrinous Materials (Ring and-Ball Method) (D 36 - 26), 
1939 Book of A.S.T.M. Standards, Part II, p. 417. 


Variations in results between operators and laboratories are of 
the same order as those obtained with the standard test. 

The method is based on a relationship between the A.S.T.M. softening 
point and the time required for the asphalt, molded in a standard ring 
when immersed in the proper test bath. 
This relationship was established from data obtained on both straight-run 
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The range of 90 to 250 F. is 


the temperature range in which the ri 
The test is 


softening point may lie. 
based on a relationship between the time 


standard A.S.T.M. ring loaded with ball, 
to flow 1 in. when immersed in the proper 
test bath maintained at constant tem- 
perature. Three test bath temperatures 
are required to cover the range of soften- 


ing points between 90 and 250 F. The ae 
procedure for preparing and condition- as 


ing the test specimens before immersing 
in the bath is rigidly defined. Very 
little special equipment is required, and 
the cooling temperatures necessary to 
condition the test specimens are 
those available in most asphalt testing 
laboratories. 


DESCRIPTION OF THE TEST 


A pparatus: 
The essential test apparatus consists _ 
of the following: 
1. (a) Test baths maintained at 130 
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THERMOMETER GRADUATED IN 
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Fic. 1.—Test Bath. 
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+ 0.5 F., 180 + 0.5 F., and 230 + 1F. 
A satisfactory design is shown in Fig. 1. 
Water is used for the 130 and 180F. 
temperatures while glycerine is used for 
the 230 F. temperature. 

(6) Water baths maintained at 115 + 
0.18 F., 77 + 0.18 F., and 37 + 1.0F. 
The 115 and 77F. baths are normal 
A.S.T.M. penetration test baths.* The 
37 F. temperature can be conveniently 
maintained by using a 600-ml. beaker 
filled with 3 in. of water and set in a bed 
of cracked ice. 


TABLE I.—TEST 


FTENING POINT OF ASPHALT 


Test Procedure: 


The test procedure is summarized in 
Table I. 


Precautions: 

1. The successful use of the test is 
dependent on the exactness of the time 
the sample is allowed to remain at the 
temperatures noted. 

2. Gentle stirring, just sufficient to 
maintain uniform temperature through- 
out the test baths, should be used, as 
excessive agitation causes turbulence 


PROCEDURE. 


For Asphi Its in the oy of 90 
F. to 140 Fk. Softening Point. 


For Asphalts in the R: 
F. to 185 F. Softening 


e of 135 


For Asphalts in the Range of 180 
oint. i 


F. to 250 F. Softening Point. 


Pouring temp., 200 to 350 F. 


| Pouring temp., 250 to 450 F. 


Place the softening point rings on the amalgamated Tobin bronze block and pour the liquid asphalt sample 
into two softening point rings in a manner to leave an excess on cooling. 


| Pouring temp., 350 to 450 F. 


Allow molded samples to remain in air at room temperature exactly 1 min. 


in 77 F. bath exactly 4 min. 


Place block and molded samples | Place block and molded samples 
in 77 F. bath exactly 4 min. 


Place block and molded samples 
in 115 F. bath exactly 4 min. 


slightly heated spatula. 


Remove the block and molded sample from the bath and shave the excess asphalt from the rings with a 


in the 37 F. bath and allow to | in tne 37 
stand exactly 3 min. 


Immediately immerse the molds | Immediately immerse the molds | 


| stand exactly 3 min. 


Immediately immerse the block 
and molded samples in the 115 F. 
bath and allow to stand exactly 3 
min. 


F. bath and allow to 


to the center of the sample as possible (steel ba 


Remove the molds from the bath and immediately place the stee! balls on the surface of the sample as near 


lis at room temperature). 


in the 130 F. bath and start the 
timer at the same instant. 


timer at t 


immerse the molds | Immediate 
in the 180 F. bath and start the | 


immerse the molds | Immediately immerse the molds 
in the 230 F. bath and start the 


he same instant. timer at the same instant. 


Record the times required for the bituminous material to reach the bottom of the bath. 


‘| Read estimated A.S.T.M. softening point from the conversion tables. 


2. Normal softening point rings and 
balls as specified in A.S.T.M. softening 
point test (D 36 26).? 

3. An amalgamated Tobin bronze block 
3 by 1} by 1} in. drilled on one side to 
hold two softening point rings. The 
holes are 35 in. in diameter and their 
centers are j in. from the ends and ¥¢ in. 
from one side of the block. 

The assembled apparatus is shown in 
Fig. 2. 

4. Timer or stop watch to read in 0.2 sec. 


3 Standard Method of Test for Penetration of Bitum- 
ous Materials (D5 - 25), 1939 Book of A.S.T.M. 
Standards, Part II, p. 412; Part III, p. 185. 


which affects of the 
determination. 

3. In holding the rings containing the 
molded asphalt in the test baths, the 
surface of the asphalt should be 
horizontal. 

4. The aimer should be started the 


instant the molds are immersed in the 


the accuracy 
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should not differ by more than 7 per 
cent based on an average value. 
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d 
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times (30 min.) to flow the specified 
distance of 1 in., which defeats the 


Fic. 3.—A.S.T.M. Softening Point versus Flow Time in Rapid Test. 
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Test bath temperature, 130 F 


DISCUSSION 
The use of three different test bath 
temperatures was found necessary since 
at low temperatures the high softening 
point asphalts require excessively long 


Fic. 4.—A.S.T.M. Softening Point versus Flow Time in Rapid Test. 
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purpose of the test. With test bath 
temperatures high enough to cause rapid 
flow of high softening point asphalts, the 
flow times for the soft materials are too 
short to be readily measured with suffi- 
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cient accuracy. The three test bath 
temperatures finally selected enable all 
determinations within the softening 
point range of 90 to 250 F. to be made in 
approximately 10 min. The _ inter- 
mediate softening point range covered 
by the 180 F. bath overlaps the other 
two ranges by five degrees, that is, 
asphalts having softening points be- 
tween 135 and 140 F. and 180 and 185 F. 
may be determined satisfactorily in two 
of the three baths. The procedure for 
conditioning the test specimens before 


On METHOD oF EstTIMATING SOFTENING Pornt oF ASPHALTS 


893 


test specimens due to “history of the 
sample.” 

The asphalts tested were, for the most 
part, prepared from Venezuela crude oil; 
however, a number of asphalts from 
other sources were included, as well as 
one mixture of asphalt and slate flour. 

By examining the figures mentioned 
above it is seen that the majority of the 
determinations lie on smooth curves. 
The reason for some of the points not 
lying on the curve is undoubtedly due 
to an error in one or both of the determi- 
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Fic. 5.—A.S.T.M. Softening Point versus Flow Time in Rapid Test. 


immersing in the test baths has been 
established so that uniform results are 
obtained. 

The data from which the conversion 
tables are constructed are shown in Figs. 
3 to 5. The diameter of the plotted 
points represents a variation of +0.9 F. 
in the A.S.T.M. softening point. Both 
the A.S.T.M. softening points and the 
seconds of flow obtained in the rapid test 
are an average of two determinations. 
Che test specimens for both the A.S.T.M. 
ind rapid tests were poured at the same 
ime from one container to avoid any 
difference in the softening points of the 


nations. Check results were not made 
on those samples deviating from the 
average curves inasmuch as it would 
have required remelting small samples 
of asphalt which might have altered their 
softening points. However, it is be- 
lieved the errors are as likely to be in the 
A.S.T.M. determinations as in the rapid 
tests. 

Neither the crude oi] source nor the 
method of preparation has any bearing 
on the relationship between the two 
tests. The conversion figures appear in 
Table V. 

The percentage differences between 
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determinations are shown in Table II 


TABLE V.—CONVERSION TABLE. 


for a total of 85 determinations. Of this 
total, 65 or 76.5 per cent fall within a 
maximum deviation of not more than 7 


to 


Softening Point 


Seconds at 130 F. | | a at 180 F. ere 5 at 230 F. 
AS. A.S.T.M. 


toA.S.TM. | 


Softening Point | Softening Point 


per cent which is equivalent to approx- 
imately +0.9 F. in the A.S.T.M. soften- 
ing point over the entire range. 


This test has been in use in two labora- 
tories of this company for a number of 
months with excellent success. Varia- 
tions between operators in the different 
laboratories are shown in Table III. 
The A.S.T.M. softening points of two 
other asphalts determined by the five 
different operators are shown in Table 
IV. All of these figures are based on 
two determinations. Examination of 
these data shows that the results ob- 
tained by the rapid test can be accepted 
with the same confidence as actual 
A.S.T.M. determinations. 

TABLE II.—VARIATIONS IN EIGHTY-FIV 


DUPLICATE DETERMINATIONS MADE | 
WITH THE RAPID TEST. 


Difference Between Times 
of Flow for Two Determina- 
tions, per cent 


Percentage of Total Tests 


less than 1 
t 
t 
t 
over 10 


TABLE III —RESULTS OBTAINED BY TWO 
LABORATORIES USING THE RAPID 
SOFTENING POINT TEST. 


A.S.T.M. Soltening Point 
Estimated by the Rapid Test, 


A.S.T.M. deg. Fahr 


Softening 
leg. Fahr. 
| (Obtained | Lab- 
by Labora- | ora- 
tory1) | 


Laboratory 2 


erator erator erator erator 
1 2 3 | 4 


147 
159 


150 
161.5 


130 | 148)... 
159 | 161 | 160 


151 
159.5 | 


TABLE IV.—A.S.T.M. SOFTENING POINTS 
REPORTED BY DIFFERENT OPERATORS. 


A.S.T.M. Softening Point, deg. Fahr. 
Sample 


Opera- 
tor 5 


| Opera- 
tor4 


Opera- | | 
tor 1 to. 2 | tor 3 


152 
130 


151 
129 


150 149 
127 127 


| 


d Read- ing Kead- ing Ing 
ing, Point, ing, Point, ing, Point, 
a alts sec. deg. sec. deg. sec. | deg. 
Fahr. | Fahr. | Fahr. 
uh 18 90 21 135 33 180 
i. 18.5 91 21.5 136 34 181 
19 |. 92 22.5 137 34.5 182 
Rig f 20 93 23.5 138 35 183 
Me 21 94 24 139 35.5 184 c 
. We 22 95 25 140 36 185 
Flee 22.5 96 26 141 37 186 ( 
23 97 27 142 37.5 187 
phe? 24 98 28 143 38 188 I 
= 25 99 29 144 39 189 
pr 26 100 30 145 39.5 190 s 
id = 27 101 31.5 146 40.5 191 
28 102 32.5 | 147 41 192 
= od 29 103 34 148 42 193 i 
re 30 104 35.5 149 43 194 
31.5 | 105 36.5 150 44 195 
a ne 33 106 38 151 45 196 
. ye" 34.5 | 107 39.5 152 46 197 g 
— 0 36 108 41 153 47 198 
5 ae, 37 109 42.5 154 48 199 5 
39 110 155 48.5 | 200 
40.5 111 46 156 50 t 
| lia 42 112 47.5 157 $1 202 
44 113 49 158 52 203 Pp 
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Mg. I. E. “(presented in 
written form)—As chairman of Sub- 
committee B-5 on Softening Point of 
Committee D-4 on Road and Paving 
Materials, I have gathered informally 
several criticisms of the paper from 
members of my subcommittee and others 
interested in the softening point test. 

These composite criticisms, briefly and 
generally stated, are as follows: 

1. The method appears to be attrac- 
tive where a large number of softening 
point tests are run and results are needed 
quickly. This would apply to control 
testing. 

2. The method, as presented, is not 
considered suitable as a replacement of, 
or a supplement to, the current A.S.T.M. 
Standard Method of Test for Softening 
Point of Bituminous Materials (Ring- 
and-Ball Method) (D 36—26),? which 
latter test is considered satisfactory for 
referee and ordinary testing purposes. 

3. Extra testing equipment is an un- 
desirable feature of the method pre- 
sented. : 


1 Chief Chemist, Supers Refinery, Standard Oil Co. 
(New Jersey), Bayonne, N .§ 
2 1939 > Book of AS.T.M: Standards, Part II, p. 417. 


7" The limited number of sources of 
bituminous materials used in the data 
indicates the possibility that conversion _ 
curves for other sources may benecessary. 

Messrs. A. B. HERSBERGER® and ng 
C. Overseck® (authors’ closure)—In 
answer to Mr. Manning’s comments, I | a 
should like to point out that this test is ye i 
not intended as a replacement for the __ 
Standard Ring and Ball Softening Point _ 
Test (D 36-26). It is a rapid means eee 
of obtaining an estimate of the ring and Sie 
ball softening point. The additional © 
equipment required for this test is rela- 
tively small and seems to us to be 
entirely justified in view of what is _ 
accomplished. 

It is true that before the test can be © 
considered applicable to all materials, 
numerous other products must be ex- oo 
amined, especially coal tars. However, 
we do feel that the test can be applied ie 
successfully to asphalts of petroleum — = 
origin. 

3 Senior Chemist and Junior Engineer, respectively, 


Research and Development Dept., The Atlantic Refining i: oe 
Co., Philadelphia, Pa. * 
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A STATISTICAL COMPARISON OF THE METHODS FOR THE DETERMI- 
NATION OF THE OXIDATION TENDENCY OF INSULATING OILS* 


By A. E. Flowers! anp S. A. FrRUCHTMAN! 


A very large amount of cooperative 
laboratory work has been carried out 
by the members of Subcommittee IV 
on Liquid Insulation, of Committee D-9 
on Electrical Insulating Materials, 
during the past 16 yr. In each labora- 
tory tests were run on duplicate samples 
of oils, by a number of different methods, 
with an attempt to follow the same set 
of directions in each laboratory. There 
has been little, if any, interchange of 
personnel, or of apparatus. 

There have been considerable varia- 
tions in the reported values, both within 
a given laboratory in repeat or check 
tests, and much larger variations be- 
tween laboratories. 

It became difficult to evaluate these 
results, because of the large amount 
of data, and of the usual, but consider- 
able, variations therein, common to 
these highly sensitive chemical reac- 
tions. A purely statistical analysis of 
all the data has therefore been pre- 
pared, and is presented herewith, cover- 
ing the period 1926 to 1942 with the 
following objects in mind: 

1. To obtain the deviation from the 
grand average of the results of the 
laboratories cooperating in A.S.T.M. 
oxidation tests of oils, for each series of 
tests. 

2. To obtain the deviation from the 
average of the check results run within 
a given laboratory, for each series of 
tests. 

3. To compare the reproducibility 
of the different methods of test. 

* The presentation of this 
was sponsored by Committee 
Materials. 


1 Engineer, and Chemical Engineer, penpoctively, The 
De Lava! Separator Co., Poughkeepsie, N. Y. 


per at the annual meeting 
-y on Electrical Insulating 


4. To compare the reproducibility 
of a given method of test in different 
years of test. 

5. To determine the effect of the 
duration of test and the amount of 
sludge formed, on the reproducibility 
of the Sludge Accumulation Tests. 

The methods of test for oxidation 
characteristics of insulating oil included 
in this study, arranged in their chrono- 


logical order, are: 


1. The Snyder lifetest. 

2. The Sligh oxidation test. 

3. The sludge accumulation test without 
catalyst. 

4. The sludge accumulation test with a cop- 
per catalyst. 

5. The high-pressure oxygen bomb accumu- 
lation test. 


Detailed descriptions of the test 
methods themselves have been ade- 
quately given elsewhere and are not 
repeated in this report due to lack of 
space. The principal characteristics of 
each test are, however, recapitulated in 
Table I. 

Statistically, these methods of test 
may be arranged as follows, in the order 
of their reproducibility as indicated by 
the average coefficient of variation 
between laboratories: 


Coefficient 


Method of Varia- 


. Sligh oxidation test 
. High-pressure oxygen bomb accumu- 
. Snyder life test 
. Sludge accumulation test with cata- 
lyst (1939 to 1942) 
All sludge accumulation tests with 
catalyst (1933 to 1942) 
5. Sludge accumulation tests without 
catalyst 


1 
t 
| 
ye 
1% 
| 
ths 
Agee 
r 
Cc 


Comments: 


FLOWERS AND FRUCHTMAN ON 


1. It is readily seen that, in the sludge 
accumulation tests, using a catalyst to 
reduce the length of time has not altered 


the reliability of the results 


from the 


statistical standpoint of reproducibility. 

2. It may also be seen upon examina- 
tion of the detailed tabulations in the 
body of this report that there is a very 


TABLE I.—PRINCIPAL CHARACTERISTICS OF THESE TEST METHODS FOR THE EVALUATION OF 


OXIDATION TENDENCY OF OILS 


tests. The occurrence of 


lesser quantities of sludge does not 
appreciably change the reproducibility 
of sludge accumulation tests. 


4. Increasing or shortening the eee 
of time of exposure to oxidizing — 
tions does not markedly change the 
reproducibility of sludge accumulation es 


greater or 


Inter- 


mediate conditions for time and quan- 


INSULATING OILS—A.S.T.M. NAPHTHA 


Summary of Subcommittee IV Tests, for Evaluating Insulating Oils. 4 
Tem 
| Rate of 
Size of P€ Duration | Air or | Air or Cata- P Criterion for 
Name of Test Sample ° f Test, | of Test | Oxygen Oxygen Container Reference 
Cent. Admission 
Snyder....... 500 ml.| 120 |Seehead- Air Surface ex-| None Glass con- |Days required |A.S.T.M. Pro- 
in posure tainers, for sludge for-| ceedings, Vol. 
“Cri- 600-ml. | mation to oc-| 25, Part I, p. 
terion beakers cur 365 (1925) Sa 
10 g. 200 2.5 hr. Oxygen |Surface ex-| None (Special Weight of sludge|A.S.T.M. Pro- 
posure glass precipitated ceedings, Vol. 
flasks | withAS.T.M.| 27, Part I, p. 
naphtha 461 (1927) 
Sludge Accu- 
Catalyst....| 35 ml.| 120 (21 to 56 |Air 1 to 2 cu. | None /|Test tube |Weight of sludge|Section B Circu- 
days ft. per precipitated lar letter of 
hr. with A.S.T.M. Dec. 28, 
with Copper 3 
Catalyst....| 25ml.) 120 |3to14 |Air 0.5 liter | Copper|Test tube |Weight of sludge|A.S.T.M. Pro 
days per hr. | ceedings, 
per tube with A.S.T.M.| 41, p. 413 
of oil naphtha (1941) 
igh 
tion..| 140 (24hr. Oxygen Surface None Test tube |WeightofsludgeA.S.T.M. 
250 | posure placed in| precipitated 
psi. a bomb with A.S.T.M.| 41, p. 6% Ae 
much greater variation between labora- tity of sludge seem to give slightly Bed 
tories than within a laboratory. Sta- better reproducibility. Y aos 
tistically, this may mean that the 5. Oils rated by number of daysbefore 


directions may not be as complete as 
they could be, or that the actual experi- 


mental variations 


in conditions are 


greater than the supposed limits. 

3. It seems that persons conducting 
tests are not as well instructed or as 
careful as they are supposed to be, or 
that there is need for interchange of 


personnel or apparatus. 


appearance of sludge, as in 


life test, show more reproducible results — 
for those oils that required a greater — 


the Snyder 


number of days for sludge to appear. 


This seems to be largely 


due to the 


arithmetic relation of the unit of 


measurement (one day) to 


the number 


of days reported as the “‘life.” 
6. This analysis of the data from the 
records of Section B on Sludge Tests of 
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ppmeaet IV was carried out solely 
as a Statistical study of the numerica] 
data. As such it did not concern itself 
directly with questions of the significance 
of the different methods nor their 
suitability for classification of oils for 
purchase, or for service ratings. 


METHOD 


1. To Obtain the Deviation from the 
Grand Average of the Results of the 
Laboratories Cooperating in A.S.T.M. 
Oxidation Tests of Oils: 


To obtain the deviation from the 
grand average, the arithmetic average 
of the several tests made within each 
laboratory was first calculated. Then, 
the ‘“‘standard deviation” for all labora- 
tories from the grand average, was cal- 
culated, using the individual laboratory 
averages. 

The standard deviation of a set of 
numbers, X;, X2, X3, is the square root 
of the average of the squares of the 
deviations of the numbers from their 
average, X, that is: 


Standard deviation = (1) 
+++ + (Xn — X)? 
n 


Equation 2, derived from Eq. 1, is more 


convenient to use in computations: 
Standard deviation = A Sat 

: 
8+ — (X)......Q2) 


Using this equation, the standard 
deviation is obtained by dividing the 
sum of the squares of the numbers by , 
subtracting the square of their average, 
and then extracting the square root. 

The coefficient of variation is obtained 
by dividing the standard deviation by 
the grand average (X), or: 

Coefficient of variation = 
Standard deviation 


OxIDATION TENDENCY or 


2. To Obtain the Deviation from the 
Average of the Check Results Run 
Within a Given Laboratory: 


The deviation from the average of 
the results run within a given laboratory 
is taken as the sum of the absolute 
deviations of the results from their own 
average, X, divided by the number of 
determinations, m. This value is the 
percentage mean deviation and is: 


The percentage mean deviation is 
obtained for the results of each labora- 
tory, and individual laboratories may 
be so compared with other laboratories. 
To compare the deviations of the results 
from the individual laboratory average, 
for the several methods, the percentage 
mean deviation for each laboratory is 
averaged for each series of tests. 

By the use of the above methods, the 
coefficient of variation of the results of 
the cooperating laboratories from the 
grand average, and the average per- 
centage mean deviation of the check 
results were found for each oil tested. 
However, more than one oil was tested 
in most of the cooperative tests, and for 
the purpose of better comparsion of the 
several methods, the coefficient of varia- 
tion and percentage mean deviation 
were averaged for all oils tested by a 
given method. 


REPRODUCIBILITY OF RECENT SLUDGE- 
ACCUMULATION Tests Usinc COPPER 


Catatyst (1939-1942) 
General: 


This sludge-accumulation test is essen- 
tially a measure of the sludging tendency 
of an oil, accelerated by a supply of 
treated air, a copper catalyst, and a 
temperature of 120C. An oil or air 


Percentage mean deviation = Mae 


Oil 


Oil 
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TABLE II.—SLUDGE ACCUMULATION TESTS OF 1940-1941 (14 LABORATORIES—174 
DETERMINATIONS) 
3-day Test 7-day Test 14-day Test 
Mean Mean | ,, Mean 
Sludge, | Coet- | Pgyiation) studge, | Coef- | Deviation | sludge, | Coet- | "Within 
percent (ficient of, Labora- percent ficient of} percent ficient of! Labora- 
by weight tories, by weight tories, by weight 
Between per cent Between per cent ene per cen 
Min.- + |Min.- Min.- *+ Min.- Min-| |Min.- | 
Max.| per cent | | Max. per cent Max. | 2% per cent 
< < < | | <@ < < 
Oil A...../0.022- 0.039 28 |0.s- | 4 |0.062- 0.109, 21 (1.7- | 6 |0.083- 0.191) 29 2 
10.0 | 11.4 | 0.329 
Oi B..... 0.051- 0.101 26 0.5- 5 |0.163- |0.252 34 1.4- 7 |0.759- 0.526 $2 0.9- 12 
| ‘0.150 13.7 0.485 14.8 .037 40.8 
Average ......... 0.07| 27 5 0.18| 28 | 7 0.36 | 40 : 


* The values for “Sludge, per cent by weight” in this and subsequent tables are based on the mean value reported 
by laboratories. Each laboratory made two determinations and reported the mean of these two determinations. 
few laboratories a third determination was run and the mean of the three reported. 

In many reports from laboratories, both or all three values were reported as well as the mean. The percentage mean 
deviation within laboratories is based upon the panes determinations. The maximum and minimum values reported 


here and in the other tables, are the highest and 


laboratories. 


Ina 


owest values for any individual test value from any of the reporting 


TABLE III.—SLUDGE ACCUMULATION TESTS OF 1942 (6 LABORATORIES—64 DETERMINATIONS). 


3-day Test 7-day Test 14-day Test 
Mean Mean | Mean 
Sludge, Coef- Sludge, Coef- Sludge, Coef- Deviation 
percent {ficient of ra- | Percent |ficient pabora- | Percent |ficient 
by weight | Vari- tories by weight ari- tories, by weight Vari- sovlen, 
ation ation ation 
Be tw ~He per cent Be tw am per cent ‘Be tween per cent 
| » jore- 2 jora- | 
& | tories, _| | tories, \Min.- | tories, 
|Per cent Min~| | percent |Min-| | per cent|Min.-| 
|< < < |< 
Oil A...../0.017- |0.048} 41 |2.3- | 9 |0.0s7- 0.107) 27 |3.2- | 7 |0.111- 0.181/ 20 |3.6- | 6 
| 0.066) 18.9 0.155) ie 0.228) 10.1 
| 
Oil-B...../0,076- '0.102} 25 |o.8- | 14 |0.146- 0.217, 23 /3.6- | 10 (0.208- 0.388) 26 |1.8- | 7 
24.5 0.285 26.9 0.479 9) 
Average.......... 0.08 | 33 12 0.16 | 25 9 0.28 | 23 7 


TABLE IV.—SLUDGE ACCUMULATIONS FOR 1940-1941—FOR THE 
RECHECKED THEIR RESULTS IN 1942 ONLY (70 DETERMINATIONS). 


6 LABORATORIES WHO 


; 3-day Test 7-day Test 14-day Test 

| Mean | | Mean 
Sludge, | Coef- | | Sludge, | Coef- | Within” | Sludge, | Coet- | 
\percent (ficient of} [Labora- percent (ficient of) [abora- percent ficient of} Labora- 
by weight Vari- by weight | Vari- by weight | Vari- 

| ation | ation ation 
Between par Between Between| wont 

Min.- | Min.- |Min.-| | Min-| nt|Min.-| 

Max. per cent | | Max.| 2% 2 | Max.| 2 Max.) 

< < < < | |< |< 

Oil A..... 0.022— 0.041 27 0.5- 2 062- 0.111 26 2.1- 7 |0.083- 0.205 45 1.1- 3 
0.054 3.4 0.150 10.2 0.329, 3.9 

10.051- |0.096 28 0.7- 6 (0.173- |0.299 36 2.8- 7 (0.656 48 2.5- | 15 
| 0.121 13.7 0. 14.6 1.037 4.8 
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bath is used for heating the oil, contained 
in a special test tube. After 3, 7, or 
14 days of this accelerated oxidation, 
the sludge is precipitated by A.S.T.M. 
naphtha, and the oxidized oil filtered, 
using a Gooch crucible. 


Calculated Resuits: 


Sludge Accumulation Tests of 1940- 
1941——The data for the calculated 
results shown in Table II are taken from 


TABLE V.—SLUDGE ACCUMULATION TESTS OF 1 


results are based on the values of these 
six laboratories and a sum of 64 indi- 
vidual determinations. 

Sludge Accumulation Tests of “1940- 
1941—for the Six Rechecking Labora- 
tories of 1942 Only.—In order better to 
compare the performance of the six 
rechecking laboratories in 1942 with 
their performance in 1940-1941, there 
is presented in Table IV, values of per- 
centage sludge by weight, coefficient of 
variation between laboratories, and per- 


940 (13 LABORATORIES—120 DETERMINATIONS). 


7-day Test 


14-day Test 


Sludge, 
per cent 
by weight 


Coefficient 
of Variation 
Between 


Mean Deviation 
Within Labora- 
tories, per cent 


Sludge, 
per cent 
by weight 


Mean Deviation 
Within Labora- 
tories, per cent 


Coefficient 
of Variation 
Between 


Laboratories, 
per cent Min.- 


Aver- 
Min.-Max. age Max. 


Mi Laboratories, 
per cent 


Max. 


Aver- | Aver- 


Aver- 
age 


Min.- 
Max. 


.| 0.05 -0.40 | 0.24 41 
0.025-0.25 | 0.13 51 


1.4-18.3 
0.4-18.4 


7 | 0.29-0.98 
5 | 0.05-0.34 


0.49 45 
0.20 49 


0.2-40.3 
0.7-36.1 


6 0.35 47 


TABLE VI.—SLUDGE ACCUMULATION TESTS NE 


1939 (10 LABORATORIES—28 DETERMINATIONS) 


E OIL) 


7-day Test 


14-day Test 


Coeffi t of | Mean Deviation 
/Within Laboratories, 
Between per cent 

Laboratories, 


Sludge, per cent by 
weight 


Mean Deviation 
Within Laboratories 


Sludge, per cent by | Coefficient of 
per cent 


Variation 
Between 
Laboratories, 


per cent 


Min.-Max. |Average Min.-Max. |Average 


Min.-Max. |Average, Min -Max. |Average 


0.07-0.16 | 0.11 29 | 3.1-9.4 |. 6 


0.10-0.40 


0.21 | 36 0.6-23.2 


the June 20, 1941 report of Section B 
of Subcommittee IV of Committee D-9. 
The results are based on the values of 
14 laboratories and a sum of 174 indi- 
vidual determinations. 

Sludge Accumulation Tests of 1942.— 
The data from Table III are taken from 
the February 14, 1942 report of Section 
B. These tests were run on the same 
oils tested in 1940-1941 and were per- 
formed by six rechecking laboratories 
(three of which had obtained high values 
in the tests of 1940-1941, one, low 
values, and two, average values). The 


centage deviation of the check results 
within a laboratory for the results 
obtained by these laboratories in 1940- 
1941. 

The values are for these six labora- 
tories only, and the data are taken from 
the June 20, 1941 report of Section B, 
and are based on a sum of 70 individual 
determinations. 

Sludge Accumulation Tests of 1940.— 
The data for Table V are taken from the 
June 21, 1940 report of Section B and 
are for the 1940 results of 13 labora- 
tories, and a sum of 120 determinations. 
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Sludge Accumulation Tests of 1939.— 
The data in Table VI are taken from the 
October 18, 1939 report of Section B, 
and are for the 1939 results of 10 
laboratories, and a sum of 28 individual 
determinations. 


The Effect of the Duration of Test and 
the Amount of Sludge Formed on the 
Reproducibility of Recent Sludge-Ac- 
cumulation Tests Using Copper 
Catalyst: 


Sludge Accumulation Tests of 1940- 
1941 (Table IT).—From Table II it is 
seen that the coefficient of variation 
between laboratories does not vary greatly 
for the lighter sludging oil A, while it 
increases from 26 per cent for the 3-day 
test to 52 per cent for the 14-day test for 
the heavier sludging oil B. 

Sludge Accumulation Tests of 1942— 
Six Recheck Laboratories (Table IIT).— 
From Table III, it is seen that the 
coefficient of variation between labora- 
tories for the lighter sludging oil A 
decreases from 41 per cent at 3 days to 
20 per cent at 14 days, while it remains 
rather constant for the heavier sludging 
oil B. 

Sludge Accumulation Tests of 1940- 
1941—for the Six Laboratories Who Re- 
checked Their Results in 1941 (Table 
IV).—From Table IV it is seen that the 
coefficient of variation between labora- 
tories for oil A increases from about 
27 per cent at 3 and 7 days to 45 per cent 
at 14 days, while for oil B it increases 
from 28 per cent at 3 days to 48 per cent 
at 14 days. 

Sludge Accumulation Tests of 1939- 
1940 (Table V).—Table V shows that the 
coefficient of variation between labora- 
tories for the lighter sludging oil (B in 
this case) decreases very slightly, from 
51 per cent at 7 days to 49 per cent at 14 
days, while it increases slightly from 41 
per cent at 7 days to 45 per cent at 14 
days, for the heavier sludging oil. 

Sludge Accumulation Tests of 1939.— 
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From Table VI, it is seen that the coeffi- 
cient of variation increases slightly 
from 29 per cent at the 7-day test to 36 
per cent at the 14-day test. 
Discussion.—(Values of Table IV are 
not included in this discussion, as they 
are statistically included in Table II.) 
The increase of the coefficient of 
variation of the 1940-1941 test results 
for oil B is largely due to some excep- 
tionally high results of three of the 
laboratories. 


of their values of 1940-1941. 


values for the 14-day test. 


ment of the sludge becomes especially 
apparent when large amounts of sludge 


are being measured, but may be reduced © 


by the proper precautions. 


Increasing the days of test seems to — 


These results were not 
reproduced in 1942 when rechecking 
their test values for percentage sludge — 
for the 14-day test, which were half — 
In re- 
check tests on oil A, the two laboratories _ 
reporting highest results, obtained values _ 
only two-thirds of their 1940-1941 test _ 
It seems as 
though the error involved in the measure- | 


alee 
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be of more value for the lighter sludging — x) 


oil than for the heavier sludging oil. 


Increased days of test produced little 


change in the coefficient of variation for 


the lighter sludging oil A, in tests of 
1940-1941 (Table II), while the coeffi- 

cient of variation was increased for the = 
heavier sludging oil B. Also, while 


little change was produced by increased 
days of test, in tests of 1942 (Table ITT) 
for the heavier sludging oil B, the co- 
efficient of variation was thereby re- 
duced for the lighter sludging oil A. 

Data of Tables V and VI for tests of 
1940 and 1939 indicate little change in 
the coefficient of variation with increase 
in days of test. 

The Reproducibility of the Sludge 
Accumulation Tests of 1940-1941 Com- 
pared with the Reproducibility of the 
Same Tests Run on the Sate Oils in 1942 
by Six Rechecking Laboratories.—It has 
been mentioned above that the recheck 
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TABLE VII.—SUMMARY OF RECENT SLUDGE ACCUMULATION TESTS USING COPPER CATALYST 


(1939-1942) TABLES I, II, II, IV, V— 


(386 DETERMINATIONS). 


Number 

of Lab- Number of 
orato- | Determinations 
ries 


Test Year 


Coefficient of | Average Mean 
Variation Be- |Deviation Within 
tween Labora- Laboratories, 
tories, per cent per cent 


Sludge, average 
per cent by 
weight 


Min.- | Aver- 
Max. | age 


1940-1941 
1942 
1940-1941* 
1940... 


2-12 
6-14 | 
2-15° 

5-12 
6-10 


General Average.... 


2-15 


* In computing the values for the || hia , separate values for Table III were omitted, and the values are the 


arithmetic averages of Tables I, II, IV an 


tests of 1942 showed better repro- 
ducibility. From the summary of Table 
VII, it is seen that the over-all coefficient 
of variation between laboratories, for 
the six recheck laboratories, was reduced 
from 35 per cent in 1940-1941 to 27 per 
cent in 1942. 

Comparison of the Reproducibility of 
the Recent Sludge Accumulation Tests.— 
From Table VII, it is seen that the 
average coefficient of variation was 33 
per cent for tests of 1939, 46 per cent for 
tests of 1940, 32 per cent for tests of 
1939-1941, and 27 per cent for tests of 
1942. These results, in general, show a 
trend towards a decrease in the coeffi- 
cient of variation between laboratories. 


THE REPRODUCIBILITY OF EARLY AND 
MISCELLANEOUS SLUDGE ACCUMULA- 
TION Tests Ustnc Copper CATALYST 
(1933-1939). 


The reproducibility of recent sludge 
accumulation tests using a copper cata- 
lyst (1939-1942) has been discussed 
above. However, other sludge accu- 
mulation tests using a copper catalyst 
have been performed in previous years, 
but with some modifications. 


Sludge Accumulation Tests Using Copper 
Catalyst in Which Air is Blown Through 
the Oil: 


Results of sludge accumulation tests 
using a copper catalyst in which air is 


blown through the oil (Table VIII) have 
been reported in the October 18, 1939 
report of Section B. In this procedure, 
the oil was oxidized by passing the condi- 
tioned air through the oil at 120C. in 
the presence of copper. The sludgewas 
precipitated by A.S.T.M. naphtha, and 
the oxidized oil filtered, using a Gooch 
crucible. 

The reproducibility of this supple- 
mentary procedure may be compared 
with that of the regular method (see 
Table VI). The average coefficient of 
variation by the supplementary pro- 
cedure, for the 7- and 14-day test 
periods, was 23 per cent, while for the 
same oil treated in the same year (1939) 
by the regular procedure, the correspond- 
ing figure was 33 per cent. Of course, it 
must be remembered that the standard 
procedure was used by 10 laboratories, 
and the supplementary procedure by 


TABLE VIIIL—SLUDGE ACCUMULATION TESTS 
USING A COPPER CATALYST—AIR BLOWN 
THROUGH THE OIL (3 LABORATORIES—6 DETER- 
MINATIONS). 


The data for the difference of the check results within 
any laboratory were not given. 


Sludge, per cent by Coefficient of 
weight Variation 
Between 

Laboratories, 
per cent 


Days of Test 


Min.-Max. Average 


ils | Pa t 
ied a 
174 2 3-14 0.04-0.53 21-52 32 6 
64 2 3-14 0.05-0.39 | 2041 | 27 9 fi 
6* 70* 2° 3-14" 0.04-0.66* | 26-48*| 35° 7* 
120 2 7-14 0.13-0.49 | 41-51 | 46 9 
10 28 1 7-14 0.11-0.21 | 29-36 | 33 8 
= 386 0.04-0.66 | 20-51 35 8 
T 
| 
| 
: 
iv 
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only 3. As might be expected, the aver- 
age percentage sludge (by weight) was 
somewhat higher when determined using 
the supplementary procedure in which 
air is blown through the oil, the cor- 
responding figures being 0.15 and 0.11 
for the 7-day period, and 0.25 and 0.21 
for the 14-day period. 


Sludge Accumulation Tests Using Copper 
Catalyst (1933-1935): 


In these tests the oil was oxidized, 
using a temperature of 120C. and a 


TABLE IX.—SLUDGE ACCUMULATION USING COPPER CATALYST (1933) (5 
DETERMINATIONS). 


The average coefficient of variation is 59 per cent. 


OXIDATION TENDENCY OF OILS 


formed in 1934-1935, results of the 
Detroit Edison Laboratories have not — 
been included because of a very wide — 
divergence from the results of other 
laboratories. 

The average coefficient of variation — 
for these sludge accumulation tests using 
a copper catalyst run during 1933- 
1935, was about 60 per cent, as compared 
with an average coefficient of variation 
of 35 per cent for the tests using copper 
catalysts run during 1939-1942. The 
oils tested were in the same sludge range, — t 


Check results were not available. 


3-day Test 6-day Test 9-day Test 13-day Test 16-day Test ae 
Sludge, | Coeffi- Sludge, | Coeffi- Sludge, | Coeffi- | Sludge, | Coeffi- | Sludge, | Coeffi- Pen 
percent jcient of} percent (cient of} percent (cient of) percent (cient of| percent cient of 
Oil | by weight | Varia- | by weight | Varia- by weight | Varia- | by weight | Varia- | by weight | Varia- = 
tion Be- —|tion Be-|-———-— tion Be-| — tion |tion Be- 
| tween | @ | tween gy, | tween | @ | tween % tween 
Min.- Labora-|Min—| ¢ |Labora-| Min-| |Labora-| Min.- |Labora-| Min.-| |Labora- 
Max.| tories, | Max. © | tories, | Max. tories, | Max. | tories, | Max. tories, 
< |per cent | < cent < cent (per cent < jpercent 
A-33 0.001- 0.018) 68 |0.004- 0.047; 80 |0.006- 0.081; 68 (0.01 0.086, 44 |0.054- 0.129) 60 
| 0. 0.157 0.117 0.238 
B-33 (0. 0.016, 70 \0.014- 0.043 79 =|0.050- 0.114; 66 |0.053- 0.129) 44 |0.073- 0.200) 53 
| 0.038 | 0.108) 0.226 0.196 
Pe 
C-33 0.010- (0.059; 120 (0.033- 0.079} 44 |0.063- 0.167 56 099- 21 0.215- |0.334| 29 
| 0.1 86 0.290 | 
D-33 |0.021- '0.037) 45 |0.039- (0.199) 93 (0.133- 0.334| 76 |0.248- 0.368) 27 |0.296- |0.480) 26 
| 0.087 0.756 0,591 
Average... 0.033 033| 76 (0.092| 74 0.174] 67 0.207] 34 0.206, 42000 


supply of untreated air. After a period 
of 3 to 16 days, the sludge was pre- 
cipitated by naphtha and determined by 
centrifuging. This method principally 
differs from that of Table VII in that the 
air was untreated, and the sludge was 
determined by centrifuging. The data 
from which the following results have 
been calculated are from the reports of 
July 3, 1935 and October 20, 1933 of 
Section B. 

In Table IX, for tests performed in 
1933, the values are only for those five 
laboratories who followed the procedure 
exactly. In Table X, for tests } pet 


and these results indicate a refinement. 
in technique in the interval between © 

1935-1939. The average percentage 
mean deviation of the check results run 
within a laboratory, was 11 per cent for 
the tests of 1934-1935, as compared Se 

8 per cent for the tests of 1939-1942. 
Sludge accumulation tests, using no — 
catalyst, (Tables XII to XIV) run in 
the same period as these tests, using a | 
catalyst, showed better reproducibility. _ 
The average coefficient of variation for _ a 
these tests was 50 per cent for the inter- 
val 21 to 56 days, and 40 per cent for spirits : 
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The av erage coefficient of variation is 62 per cent. 


Check results were given only for results of 3 laboratories. 


16-day Test 


Mean 
Deviation 


65 


Sludge 


| 
a 


| 


0.055~/0.241 


13-day Test 


Mean 


Deviation 
Within 


0.213-|0.671 


1.05 


9-day Test 


Mean 
Deviation 


23 | 0.095-(0.374 
0.860 


Mean 
Deviation 
Within 
Labora- 
tories, 


per cent 


tion 


Coeffi- 
cient of. 
Varia- 


Sludge, per 
cent by 
weight 


0.037- 
0.455 


| 
| 


Within 
Labora- 
tories, 
per cent 


tion 


Coeffi- 
cient of 
Varia- 


Sludge 
cent 
weight 


Mean 
Deviation 
Within 
Labora- 
tories, per 
cent 


tion 


Coeffi- 
cient of 
Varia- 


——_———— | Between | - 


| 


The tests of 1934-1935 (Table X) 
show no significant variation of the 
coefficient of variation related to the 
duration of test, while the tests of 1933 
(Table IX) show a noticeable decrease 
in the coefficient of variation for the 
13-day test. This may have no real 
significance. 


Sludge Accumulation Tests Using Copper 
Catalysts (1937): 


These tests were run to note the effect 
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Table XI. The coefficient of variation _ 
of the results between laboratories (con- 


sidering the results of all laboratories) 
seemed to be considerably higher than 
for other tests using copper as a cata- 
lyst (see Tables II to X). In an effort 
to determine a cause for this difference, 
the results of the laboratories reporting 
the highest and lowest results were di- 
rectly compared and it wasfoundinsome 
cases that the results submitted by one 
laboratory were 100 times that sub- 


of the method of sludge determination mitted by the other. Accordingly, 
wie TABLE XI.—LONG-TIME TESTS USING COPPER CATALYST (1937). ee 


Sludge, per cent by weight 


7-day Test 14-day Test re) 
Method of Studge Determiaation—6 Fritted Fritted 
ratories— terminations | Centrifuge Glass entrifuge Glass 
| Crucible | Crucible 
Min.-| Aver-| Min.-| Aver-| Min.~| Aver-| Min.-| Aver-| Min.-! Aver-| Min.-| Aver- 
Max.| age | Max.) age | Max.) age | Max.) age | Max.| age | Max.) age 
|All laboratories 0.004- 0.121 0.004- 0.082 |0.003- 0.088 |0.01- 0.235 |0.004~ 0.173 0.187 
-23| | 0.22 0.93) 0.42 
Sludge, All laboratories ex- |0.004- 0.070 |0.004-/0.065 |0.003- 0.072 0.01- 0.148 |0.004-'0.158 
cept highest 0.14 0.21 0.32! 0.32 0.30 
weight 
All laboratories ex- |0.02- 0.079 |0.005-0.073 |0.005-0.082 |0.02- 0.168 |0.02- |0.165 |0.03- (0.180 
cept highest and | 0.20) 0.14| 0.21 0.32! 0.32 0.30 
lowest | 
aa All laboratories 126 96 88 114 17 71 
+ aie All laboratories ex- 80 97 92 76 77 71 
Coefficient of}| cept highest 
variation 69 88 90 64 64 58 
cept highest an 
lowest 
‘ries Mean Devia- |For all laboratories | 9-85 | 38 | 3-63 16 | 469) 13 | 1-54 19 | 3-24; 20 | 3-57| 16 
(within labora- 
tories) 


3 


on upon the reproducibility. The oil was further calculations were made for (1) or Ma 
] si q oxidized at a temperature of 120 C., all laboratories except the highest one, % : 
/ ae using treated air. After a 7- and 14- and (2) all laboratories except the high- — 
a ‘ day period of oxidation, the sludge was est and lowest, and the results given in 
precipitated by A.S.T.M. naphtha and Table XI were obtained. 
the ghin Judging from the results of all labora- 
(c) ‘centrifuging method of determining the 
The percentage sludge-of th oxidized Sludge waserratic. However, by leaving 
Bod oil, the reproducibility of the results out the results bf the laboratory report- pa : 
ae between laboratories, and theaverage ing the highest results, we see the ght 
Maoh percentage mean deviation of the check centrifuging method to be as reproduci- Sas 
sak: results for these tests are given in ble as the others, This is still more 
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Mean 
Deviation 


55 days at 120 C. 
Coefficient 
of Variation 
37 


0.053-| 0.114 
0.059-} 0.115 


ase 


24 


Mean 
Deviation 


19-43) 31 
12-38 


| 


Labora- 
tories 
18 


Coefficient 
of Variation 
Between 


45 days at 120 C. 


Sludge, 
cent by 
weight 


| 


0.026-| 0.049 
0.108 
0.026-| 0.071 
0.145 


14 
27 


Labora- 


tories, 
per cent® 


Within 


Mean 
Deviation 


10-18 
16-37 


| | 


Between 
Labora- 
tories 


Coefficient 
of Variation 


35 days at 120C. 


| 


Sludge, per 
cent by 
weight 

0.010-| 0.038 


® The mean deviation within laboratories is for the check results of 3 laboratories only. 


Mean 


Deviation 


25 days at 120 C. 
Coefficient 
of Variation 
Between 
Labora- 
tories 


| 


cent by 
weight 


Sludge, 
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evident when the erratic results, both 
high and low, are left out. 


The Effect of the Duration of Test and the 
Amount of Sludge Formed on the Re- 
producibility of Sludge Accumulation 
Tests Using a Copper Catalyst: 


The effect of the duration of test and 
the amount of sludge formed on the 
reproducibility of recent sludge accumu- 
lation tests (1939-1942) has been dis- 
cussed above. 

Table VIII, for the supplementary 
procedure of 1939 (air blown through 
the oil), shows a much lower coefficient 
of variation between laboratories for 
the 14-day test. These tests were, 
however, performed by only 3 labora- 
tories, and may not be significant. 

Table IX, for tests performed during 
1933, shows an appreciable decrease in 
the coefficient of variation for the 13- 
day test; however, Table X, for tests 
performed during 1934-1935, shows no 
significant change of the coefficient of 
variation related to the duration of test. 

Table XI, for tests performed during 
1937, shows a somewhat lower coeffi- 
cient of variation for the 14-day test 
than for the 7-day test. 

The above results, in general, show a 
little better reproducibility for the 14- 
day test than for the 7-day test. Re- 
cent tests (1939-1942) show little differ- 
ence in the reproducibility of the 3-, 7-, 
or 14-day tests. 


StupGE ACCUMULATION Tests USING 


No CATALYST 


This sludge accumulation test is the 
same as the sludge accumulation tests 
described above, except that no catalyst 
is used. It also differs from the recent 
tests in that the air supply is not dried, 
and the sludge is determined by cen- 
trifuging. 


General: 
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Calculated Results: 


The data for Tables XII and XIII 
are taken from the October 20, 1933 
report of Section B. Table XII is for 
tests of 1931-1933 and Table XIII for 
tests of 1931-1932. (In both of these 
tables results of the Detroit Edison 
Laboratory have been omitted because 
of wide divergence from the results of 
other laboratories.) 


The Effect of the Duration of the Test 
and the Amount of Sludge Formed on 
the Reproducibility of Sludge Accumu- 
lation Tests Without Copper Catalyst: 


From Table XIV, it is seen that the 
coefficient of variation between labora- 


TABLE XIV.—SUMMARY OF SLUDGE ACCUMULA- 
TION TESTS, NO COPPER CATALYST (1931-1933) & 


Summary of Tables XII and XIII (8 Laboratories—368 
Determinations). 


Cotten |_ Average Mean 
Shades. per \Deviation within 
| cent by Laboratories, | * 
of Test | weight, per cent 
| min.-max. 
| Min.- | Aver- | Min. | Aver- 
| Max. age Max. age 
21-56 | 0.02-0.47 11-125 50 6-40 19 


tories of sludge accumulation tests using 
no copper catalyst varied from 11 per 
cent to 125 per cent with an average 
coefficient of variation of 50 per cent. 
These values for the coefficient of varia- 
tion are for sludge ranges of 0.02 per cent 
to 0.47 per cent, and 21 to 56 days of 
test. From Tables XII and XIII, it is 
seen that, in general, the coefficient of 
variation decreases as the days of test 
increase. However, after a period of 
about forty days, the coefficient of 
variation levels off at approximately 40 
per cent. 


Comparison of the Reproducibility of 
Sludge Accumulation Tests With and 
Without Copper Catalyst: 


From Table VII, it is seen that the 
coefficient of variation for recent sludge 
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accumulation tests using copper cata- 
lyst, varies from 20 per cent to 51 per 
cent with an average value of 35 per cent. 

By a comparison of Tables VII and 
XIV, it appears that the results of the 
recent tests using copper catalyst are 
somewhat more reproducible within each 
individual laboratory, than are the re- 
sults of tests using no catalyst, the 
average percentage mean deviation of 
the check results run within a laboratory 
is about 8 per cent. The corresponding 
figure for all tests using no catalyst is 
19 per cent and 16 per cent when con- 
sidering only test days of 42 to 56 days. 
However, it should be kept in mind that 
the percentage mean deviation for tests 
using no catalyst are for fewer tests than 
for the tests using copper catalyst, and 
thus may not be so representative of 
actual conditions. 

These results indicate that the recent 
sludge accumulation tests using copper 
catalyst are somewhat more reproducible 
than the tests using no catalyst, 1931- 
1933. However, these tests using cop- 
per as a catalyst are of a later date than 
those using no catalyst, and due to 
refinements of technique, the later tests 
might yield lower deviations at the 
present time. This is evidenced by the 
greater coefficient of variation for early 
sludge accumulation tests using copper 
catalyst, which were performed about 
the same period of time as the tests 
using no catalyst. 


The Reproducibility of the Sludge Measur- 
ing Procedure: 


Cooperative tests were performed in 
1932 to determine the effect of the sludge 
content of an oxidized oil on the repro- 
ducibility of the sludge measuring pro- 
cedure. The procedure used was that 
described in the circular letter of 
August 1932 sent out by Subcommittee 
IV, and was one employing precipita- 
tion of the sludge by A.S.T.M. naphtha, 
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followed by centrifuging and weighing; 
the tests were performed on samples of 
oils previously oxidized. The data for _ 
Table XV are taken from the November _ 
1, 1932 report of Section B. eee 
By comparing Table XV with Tables 
XII, XIII, and XIV (sludge accumula- 
tion tests using this sludge-measuring ee 
procedure) it is seen that only a small 
portion of the deviations of the resultsis _ 
due to the error involved in measuring ~~ 


the sludge. From Table XI, it is seen a - 
that all other conditions being equal, = 
the coefficient of variation is not greatly ae 
affected by using a Gooch orfritted glass = 
crucible in place of the centrifuge. See 


TABLE XV.—REPRODUCIBILITY OF THE SLUDGE 
MEASURING PROCEDURE (11 LABORATORIES, 


72 DETERMINATIONS) 
Mean Wa 
Sludge, per cent | Coefficient Cormeen aes 
by weight of Labo 
Oil | Variation | ratory, 
Between per cent os 
Labora- 
| Aver-| | 
| Max. | age 
No. 1. 382 | 0.354] 
No. 2. ..| 0.145-0.160 | 0.151) 3 0 -3.3) 1.2 
No. 3. ..| 0.045-0.061 | 0.052) 9  |0.9-11.1) 4:4 


Therefore, it may be said that the | 
greater portion of the deviations arises _ 
from sources other than the sludge- 
measuring procedure, and is due to 


persistent differences of technique from 
one laboratory to another. eC 


Tue REPRODUCIBILITY OF THE SNYDER © 
Lire TEST 


The Snyder life test measures the 
time, in days, for initial traces of sludge 
deposition under controlled conditions. 
The oil is contained in a beaker which is | 
kept in an oven at 120C. Oil samples — 
are removed periodically and then cen- _ 
trifugeld, and any sludge deposition “SS 
noted. The value of sludge life is taken _ 
as the number of days for initial sludge 
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In Tables XVI and XVII, oils with a 
Snyder life test of one day or less have 
been omitted. 

Summary of all Snyder Life Tests 
(Tables IX, X, XI).—The oils may be 
divided into three groups, according 
to their sludge life range, as follows: 


Max. 
u 
Life, days 


2-9 


76 


Eight laboratories cooperated on each 
series of tests. 


TABLE XVI.—A.S.T.M. TESTS OF 1926 (REPORT OF 
SECTION B, DECEMBER 29, 1926) (8 LABORA- 
TORIES—190 DETERMINATIONS). 


Mean Deviation 
Within 
Laboratories, 
per cent 


3 Coefficient 
Sludge Life, of 
ys Variation 
Between 
bora- 
Aver- 
age 


Most of the oils tested fell within the 
group 12-30 days life test, and had an 
average coefficient of variation of 22 per 
cent. It can be seen from Table XIX 
that, in general, the coefficient of varia- 
tion decreases as the number of days of 
test increases. This is to be expected, 
since the percentage error involved in 
estimating the number of days for the 
initial sludge deposition decreases as the 
number of days of test increases, due to 
the decreasing importance of a day more 
or less, in relation to the time taken. 

The Snyder life test is somewhat more 
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reproducible than the sludge accumula- 
tion tests, having an average coefficient 
of variation of 25 per cent. This com- 
pares with 35 per cent for sludge accumu- 


TABLE XVIIL—INTERLABORATORY TESTS BY 
I.E.C. TRANSFORMER OIL ADVISORS (1927) 
(8 LABORATORIES—112 DETERMINATIONS). 


Mean Deviation 
Within 
Laboratory, 
per cent 


Lite, | 


ys Variation 

Between 

Labora- 
tories, 


per cent Aver- 


age 


TABLE XVIIIL—A.S.T.M. TESTS ON “27” SERIES 
OILS (REPORT OF SECTION B—JUNE 28, 1927) (8 
LABORATORIES—28 DETERMINATIONS). 


Mean Deviation 
ithin 
Laboratories, 
per cent 


Coefficient 
Sludge Life, 


ys Variation 

Between 

Labora- 
tories, 


Aver- per cent 


age 


Min.- 
Max. 


Aver- 
age 


2 “4 
15 10 


0-50 18 
0-32 2 


TABLE XIX.—SUMMARY OF ALL SNYDER LIFE 
TESTS (330 DETERMINATIONS). 


| Coefficient 
Average | of Variation | Mean Devia- 
Sludge Life, | Between tion Within 
ys Laboratories,| Laboratories, 

per cent per cent 


Average 


2-9 
12-30 


Min.- 
Max. 


Average... 


lation tests using copper catalyst (1939- 
1942) and 40 per cent for sludge accumu- 
lation tests without catalyst (tests of 
1931-1933, for test periods greater than 


rat 
N 
m 
is 
Oil 
De 2; 3, 4, 5, 6, 7, 9, 11, 27-3, A-1, B-2, B-3, C-1, Max. | age 
7-19 13 27 | 0-14 5 
18-48 30 22 1-20 7 
.| 12-19 16 18 0-20 4 
ike” 9-18 15 21 0-29 8 
10-18 14 20 0-8 5 
ie oe | 20-44 | 28 26 0-18 4 
=: 
— 
a 25-2.....| 11-25 17 26 0-10 
25-3.....| 11-23 16 27 0-13 
41-21 | 17 22 ou | 21-2 | 
25-5.....| 11-19 14 23 0-30 - 
a 25-6.....| 14-27 19 20 0-15 
25-7.....| 50-113 | 76 8 1-7 
25-8.....| 5-19 9 46 0-39 
25-10....| 4-16 9 44 0-6 
25-11....| 10-24 16 30 0-26 
25-12....| 15-39 | 26 17 0-7 
Num! 
7 of Oils 
Min.- | Av | Min.- | Aver- 
A | Max a | | Max. | .age lat 
3 7 | 44-46] 45 | 248] 9 
16 | | 9 | 10-31 | 22 | 2-10] 6 sh 
1 6 8 4 née 
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THE REPRODUCIBILITY OF THE SLIGH 


SHORT-TIME OXIDATION TEST 


The Sligh test was developed by the 
National Bureau of Standards as a 
measure of the oxidation tendency 
of an oil. A weighed sample of the oil 
is oxidized in a closed flask in an at- 
mosphere of oxygen (at atmospheric 
pressure) for 2} hr. at 200C. The 


TABLE XX.—A.S.T.M. TESTS OF 1935 (REPORT OF 
SUBCOMMITTEE IV, JUNE 18, 1935) (4 
LABORATORIES—16 DETERMINATIONS. 


Sligh Oxidation Number of 
Variation 
Oil Between 
bora- 
tories, 
Min.-Max.| Average per cent 
5.1- 9.4 6.9 22 
12.0-14.6 12.7 14 
14.5-18.8 16.5 9 
31.7-36.4 33.6 7 
Average.......... 5.1-36.4 17.4 13 


TABLE XXI1.—A.S.T.M. TESTS OF 1932 (REPORT OF 
SUBCOMMITTEE IV, JUNE 13, 1932) (8 LABOR- 
ATORIES—48 DETERMINATIONS). 


| Coefficient 'Mean Deviation 
Sligh Oxidation of Within Labora- 
Number | Variation tories, 
Oil | Between per cent® 
ora-- | __ 

| Aver-| _ tories, Min.- | Aver- 
Min.-Max. age per cent Max age 
1 6.7-10.2 | 8.4 15 3.0-3.4 | 3.4 
3 11.7-18.7 | 15.3 15 6.3-7.2 | 6.8 
2 14.1-24.2 | 19.6 13 3.5-5.7 | 4.6 
4 28.6-48.8 | 38.2 16 2.42.5 | 2.5 

Average ............ 20.4 15 2.4-7.2 | 4 


* The mean deviation is for the check results of two 
laboratories only. 


sludge is precipitated with A.S.T.M. 
naphtha, and the oxidized oil filtered, 
using a Gooch crucible. The weight 
of this precipitate, in milligrams per 
10 g. of sample, is the Sligh oxidation 
number of the oil. 

It can be seen, from Tables XX to 
XXIII that, in general, the coefficient of 
variation is lower for the higher sludging 
oils. The coefficient of variation for 
Sligh oxidation tests of 1931- 1935 varied 
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ont 


from 6 to 22 per cent, with an average 
value of 12 per cent for sligh oxidation 
numbers of 6.9 to 38.2 (corresponding to 
0.069 + 0.382 per cent sludge by weight). 

The Sligh oxidation test is thus seen 
to be quite reproducible, and is the most 
reproducible of all the tests covered in 
this report. 


TABLE XXII.—A.S.T.M. TESTS OF 1931 (REPORT OF 
SUBCOMMITTEE IV, JUNE 17, 1931) (6 LABOR- 
ATORIES—18 DETERMINATIONS). 


Sligh Oxidation Number | C¢eflicient of 
ariation 
Oil Between 
Laboratories, 
Min.~Max Average per cent 
22.3-32.5 27.4 il 
22.9-30.5 27.8 6 
C-3.. 25.9-33.5 31.6 6 
29.9 8 


TABLE XXIII.—SUMMARY OF SLIGH OXIDATION 
TESTS (1931-1935), 


Summary of Tables XX, XXI and XXII (4 to 8 Labora- 
tories—82 Determinations). 


Coefficient of 
tion Variation Be- 
Num- en tween Labora- 

Oils ber of tories, per cent 

ver- in.- ver- 
Min.-Max. age | Max. age 
2 6.9- 8.9 | 7.7 |, 15-22 18 
C-34, B-34, 2 

12.7-19.6 | 16.0 9-15 13 
D-34, 4, C-1, 
C-2, C- | 5 27.4-38.2 | 31.7 6-16 9 
Weighted 
Average .......... 6.9-38.2 | 21.6 6-22 12 


THE REPRODUCIBILITY OF THE HIGH 


PRESSURE OXIDATION TEST 


General: 
’ The high pressure oxidation test is, 


essentially, a measure of the oxidation i 


tendency of an oil accelerated by atem- 
perature of 140C. and oxygen at 250 
psi. pressure. After 24 hr. 
accelerated oxidation, 
precipitated by A.S.T.M. naphtha, and 
the oxidized oil filtered, using a Gooch 
crucible. The ‘Bomb Sludge Value” 
is the weight of sludge 


of this 
the sludge is 
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XXIV.—HIGH-PRESSURE OXIDATION 
TESTS (1939-1941). 


Coeffici- | | Mean Devia- 

Sl} ent of | tion Within a 

per cent by weight Variation Laboratory, 
tween per cent 

Labora- 


| | tories, | 
| Aver- | * | | Aver- 
Min.-Max. age cent Max. | age 


2.6- 3.9 3 


0.019 24 
0.094 


0.06 21 4 


0.014-0.029 
-| 0.075-0.128 


Tests oF 1939-1940, 10 LAaBoraTORIES—45 

DETERMINATIONS 
0.014 29 0-18 
0.043 27 0.1-19 


0.03 28 6 


or 1939, 6 LaBorAToRIES—30 DETERMINATIONS 


0.013-0.034 
.| 0.037-0.079 


0.019 37 
0.053 16 


0.04 27 


6-18 
2-20 


2 Grand Average, 1939 to 1941... 25 


~~@ The designation of the oil as A orB does not have any 
_ special significance and the same oils were not tested in 
each series of tests. 


Calculated Results: 


The data for Table XXIV are taken 
from reports of Section B. Data for 
tests of 1940-1941 are taken from the 
June 20, 1941 report, for tests of 1939- 
1940 from the January 9, 1940 report, 
and for tests of 1939 from the October 


each series of tests, the tests on the 
higher sludging oil had a better repro- 
ducibility. 


High Pressure Oxidation Tests of 1939- 
1941 Compared with Other Methods of 
Test: 


The high pressure oxidation tests of 
1939-1941 had a coefficient of variation 
ranging from 16 per cent to 37 per cent 
with an average value of 25 per cent. 
The latest tests of 1940-1941 had a 
coefficient of variation somewhat lower 
than tests of 1939-1940 and 1939, indi- 
cating some improvement, with the 
acquisition of experience with the test, 
by the persons carrying out the work. 

The average value of 25 per cent for 
the coefficient of variation of high pres- 
sure oxidation tests compares with 12 
per cent for the Sligh test, 25 per cent 
for the Snyder life test, 35 per cent for 
sludge accumulation tests using copper 
catalyst of 1939-1942 (latest tests of 
1942 had a coefficient of variation of 27 
per cent, and 50 per cent for sludge 
accumulation tests without catalyst of 
1931-1933 (40 per cent for periods of test 
greater than 40 days). 


Vé 


Tue REPRODUCIBILITY OF MOopIFIeD § 13. 
_TEsTs 


18, 1939 report. 


— Effect of the Amount of Sludge Formed 
on the Reproducibility: 


From Table XXIV it is seen that for 
TABLE XXV.—REPRODUCIBILITY OF MODIFIED SLIGH TESTS, 1931. 


In an effort to reduce the high tem- 
perature required in the Sligh oxidation Ta 


Copper Catalyst, 
boratories, tol 
12 Determinations 


100 C., 6 hr., 
150 C., 4 hr., 5 Laboratories, a 4 Lal 


120 C., 4 hr., Copper Catalyst, 
15 Determinations 


4 Laboratories, 12 Determinations 
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Between | 
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Average ries, per cent 


Sligh Oxidation Coefficient Sligh Oxidation 
Number of Variation Number 
Between 

Laborato- 
Average ries, per cent 
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test method, tests were conducted in 
1931 to determine the effect of lower 
temperatures, more time, and copper 


TABLE XXVII.—_COMPARISON OF THE REPRO- 
DUCIBILITY OF COOPERATIVE DETERMINA- 
TIONS OF THE OXIDATION 


OILS (1926-1942). 


FLOWERS AND FRUCHTMAN ON OXIDATION TENDENCY OF 


TENDENCY OF 


Coefficient of 


catalyst. | fone Variation 
t 
Table XXV is calculated from data Test | Sludge by | Laboratories 
Method of Test | yo, Weight per cent — 
of the June 17, 1931 report of Sub- ped 
committee IV : Min.- | Aver- 
Min.-Max. 
Max. 

These values of the coefficient of — =. ee 
variation are rather high, but would be Sludee 
reduced by more time under the give 
conditions. : |1939-1942) 0.04 -0.66 | 20-51 

Other Sludge Ac- 
TABLE XXVI.—REGULAR SLIGH TEST—IDENTI- ee 
CAL ALUMINUM OVEN (3 LABORATORIES— Copger Cate 
32 DETERMINATIONS. lyst "11933-1939 
Su 
Sligh Coefficient |Mean Deviation Air ms 
Oxidation of Variation|Within a Labo- 
°"Between  |ratory, per cent 1939 0.15 -0.25 | 6-39 | 
1933-1935| 0.009-0.98 | 21-120| 61 
Aver- | Min- - 
Min.-Max per cent Max Sludge Accumu- 
1....| 9.6-13.2 | 10.8 16 0.4-3.4| 2 Cat 

| 18:8 5 alyst.. 1931-1933] 0.02 -0.47 | 11-125] 

3....| 18.4-19.4 | 22. 4 3.3-6.9| 5 

33.9-39.7 | 37.4 7 4.0-5.4| 5 
22.3 8 Snyder Life Test 1926-1927} 2-76 10-46 

Sligh Oxi- 
dation 

Tests were performed in 1932 using Number 
the regular Sligh test, but employing  stighTest........ 1931-1935] 6.9-38.2 | 6-22 
the identical aluminum oven as the ~ Sludge, per - 

heating element. These tests were per- ; 
formed by three laboratories only. Pressure Ox- 
(Data from report of Section B, June idation Test . ..|1939-1941| 0.014-0.094 | 16-37 25 ee 
13, 1932.) 5+ 

The advantages of using exactly the aie a 
same type of oven are seen by comparing 
Tables XXVI and XXI. These tests {ligh Test. but 
were carried out on the same oils, and 10.0-37.4 
the coefficient of variation for all labora- 150 Gr |1931 
tories was 15 per cent, and only 8 per a 0.7- 2:1 | 23-96 | 70 eee 

cent for those three laboratories using 
the identical aluminum block oven. 
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Creep properties of colidens a acetate as obtained by tests at several different _ 
All tests were conducted in a constant-temperature, 


stresses are presented. 


N. Frinpiey! 


constant-relative-humidity laboratory on specimens obtained from the same 


sheet of material used for the tests reported in 1941.2 
taken for periods of wr-2 up to 10 months. 


It is known that many plastics under- 
go considerable deformation’ over a 
period of time as a result of sustained 
loads of relatively small magnitude. 
This deformation may continue until 
fracture takes place if the loads are 
maintained a sufficient length of time. 
In a previous paper the effect of stress 
on the time required to cause fracture of 
cellulose acetate under a constant ap- 
_ plied load was shown.2 It was found 
that fracture took place after a period of 
time even for stresses far below the 
ultimate strength as determined from a 
‘short-time tension test. 
: present tests are a continuation 
os of the tests mentioned above. The 
de reported herein concern the effect 
of time on the deformation of cellulose 
acetate when subjected to a constant 
—— load for periods of time up to 7000 
hr. (about 10 months) and at various 
stresses— the phenomenon of “creep.” 
1 Instructor in Theoretical and Applied Mechanics, 
University of Illinois, Urbana, ll 


2 William N. Findley, "Mechanical Tests of Cellulose 


“es Soc. Testing Mats., Vol. 41, 


1231 (1941). 


Creep readings were | 
The data are analyzed to show 


Two other investigators have studied 
this phenomenon for different types of 
loading. Bartoe* has studied the effect 
of a steady compressive load on methy] 
methacrylate for periods of time up to 
1000 hr. Delmonte and Dewar‘ have 
studied the effect of a steady bending 
moment on several plastics for periods 
of time up to 100 hr. at various temper- 
atures but at only one stress, 1000 psi. 
MATERIAL 
The material® for these tests was sup- 
plied by the Plastics Division of the 
Monsanto Chemical Co. (Monsanto 
formulation number 2050TV). All 
specimens used in these tests were cut 
from the same sheet of cellulose acetate 
as used for the 1941 tests. 


3W. F. Bartoe, “Service Temperature Flow Charac- 
teristics of Thermoplastics,”’ Mechanical Engineering, 
Vol: 61, No. 12, December, 1939, p. 892. 

‘J. Delmonte and W. Dewar, “Factors Influencing 
Creep and Cold Flow of Plastics,” ASTM BuLtertin, 
No. 112, October, 1941, p. 35. 

8 For ee description of the material, see 1941 
paper to in footnote 
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SPECIMENS 


A drawing of the specimen used for 
these creep tests is shown in Fig. 1. The 
specimens were cut from the sheet of 
cellulose acetate with the same orienta- 
tion as the specimens used in the previous 
tests, namely, with their axes crosswise 


24 rad. 


Siw 
T 

030-in. Thick 
Creep Specimen 


ine 


of the sheet. All specimens were cut on 
a jig saw and then milled to the form 
shown in Fig. 1. The milled edges were 
then smoothed with No. 00 emery paper 
so as to remove all burrs and scratches 
transverse to the axis of the specimen. 
All specimens used for the creep tests 
were prepared at the same time, placed 
in the laboratory at the same time, and 


remained in the laboratory continuously ; 


thereafter. The laboratory was main- 
tained at a constant temperature of 
77 +1F., and 50 + 2 per cent relative 
humidity ‘continuously throughout the 
duration of the tests, about 10 months. 


Pat 


Creep Tests oF C1 CETAT 915 
y 
oy 
EP 
| 
“> 
| 
| 
Fic. 1.—Creep Specimen 


916 ; eid ON CREEP TESTS OF CELLULOSE ACETATE 


TESTING EQUIPMENT 


The equipment used for conducting 
the tests consisted of a steel rack from 
which 24 specimens could be suspended, 
calibrated weights used for loading the 
specimens, measuring equipment for 
determining the strain in each specimen, 
and a clock equipped with a counter to 
record the elapsed time in hours. 

Because of the sensitivity of cellulose 
acetate to small changes in temperature 
and relative humidity, it was also neces- 
sary to provide a test room maintained 
at constant temperature and constant 
relative humidity throughout the tests. 

Figure 2 shows a portion of the creep 
rack with apparatus set up for measuring 
the strain of a specimen. As may be 
seen the specimen, A, was subjected to 
an axial tensile load by means of dead 
weights, B, attached to the rod C. The 
specimen was held by grips, D, which 
contained a hook-and-eye type of swivel 
joint. This joint was provided in order 
to minimize the possibility of bending 
the specimen. 

The extensometer used for measuring 
the creep consisted of two T-shaped brass 
strips, E, clamped to the specimen with 
a traveling microscope (cathatometer, 
F) for measuring the displacement be- 
tween fixed reference marks on the ends 
of the two brass strips. A track was 
provided for the microscope so that it 
could be moved from specimen to 
specimen quickly. 

The brass strips E were clamped to the 
specimen with compressed springs. 
These springs were necessary in order to 
keep the extensometer firmly attached 
to the specimen during the test, since a 
reduction of area of 30 per cent might be 
expected before fracture took place. 

The distance between the centers of 
the flat bars, to which the above-men- 
tioned springs were attached, was con- 


sidered to be the gage length of the 
extensometer. This distance was 2 in. 
at the start of the test. A uniform gage 
length for each specimen was essential 
for accurate comparison of tests. This 
uniformity was obtained by using identi- 
cal extensometers and a jig to assemble 
the extensometer to the specimen. 

Flat clamps were used to attach the 
extensometers to the specimens instead 
of pointed screws because creep of the 
material would cause screws to sink into 
the specimen, this causing early failure. 
The flat clamps were found to yield a 
satisfactorily precise location of gage 
length inasmuch as it was found that 
slippage between the clamps and the 
specimen as a result of the stretching of 
the specimen was distributed equally on 
each side of the clamp bar. 


PROCEDURE 


Twelve specimens were prepared as 
outlined above and allowed to remain in 
the atmosphere of the testing room for 
about 2 weeks before any tests were 
started. Tests were started with eight 
of the specimens at the same time but 
with different stresses ranging from 505 
to 2695 psi. The procedure in starting 
these tests was as follows: 

The weights, weighing from 30 to 
150 lb., were first supported on planks, 
blocked up in such a way that they could 
be used as levers to lower the weights 
quickly but gently until they were sup- 
ported by the specimen. Before lower- 
ing the weights, the initial extensometer 
readings were obtained with the traveling 
microscope. Then the weight was low- 
ered on the first specimen, the exten- 
someter was immediately read again, 
and the time was recorded. The differ- 
ence between the strain computed from 
these two sets of readings was the elastic 
strain. Any further increase in strain 
was the result-of creep. The remaining 
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seven specimens were treated in the 
same way. 
After all eight tests had been started, 


All specimens were weighed both be- 
fore the start of the test and after frac- 
ture to ascertain any change in weight 


+ 30 

o+/ndicates Specimen 

. had not Fractured 

a 

a 

20 

1018 psi. 1320 psi, 

1000 2000 3000 4000 5000 6000 7000 
3,—Creep-Time Diagrams, 7000 hr. 


strain and time Bee: were taken at Test RESULTS 
intervals of time, which for the high 
stress tests were from 2 to 12-hr. in- 
tervals until fracture. Low _ stress 
specimens were read about every 2 days Plotted against time. Creep as usually 


for a month, then every 1 to 2 weeks. defined is the total change in length 


The results of seven of these eight 
tests are shown in Fig. 3 where creep is 
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(including elastic stretch) between gage there was no measurable creep at this 
points, located on the cylindrical portion _ stress. 

of the specimen, expressed as a_per- From Fig. 3 it is evident that the 
centage of the original distance between intermediate stresses (2008 and 1690 


psi. 
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«--2008 psi. 


Creep , percent 
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Fic. 4.—Creep-Time Diagrams, 2000 hr. 


Jests Started August /94/ = 
Tests Started 2330 hr. After Firs 
Jests Storted 5260hr. After Firs 


0.! 
Rate of Creep, r, percent per l000hr.,!0g scale 
Fic. 5.—The Effect of Stress on the Rate of Creep, Log Scale. 


gage points. For the sake of clarity psi.) resulted in an initial rapid rate of 
the test data at 505 psi. stress were creep at a constant rate (referred to here 
omitted from Fig. 3 but are shown for as the first stage of creep) followed by a 
the first 2000 hr. in Fig. 4. However, transition region (referred to here as the 
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second transition) and then another 
constant rate of creep (referred to here 
as the second stage of creep). It is 
evident from Fig. 3 that the rate of creep 
is much slower in the second stage than 
it is in the first stage. An examination 
of Fig. 3 shows that the second stage is 
practically nonexistent at the higher 
stresses (2305, 2505, 2695 psi.). Also 
for the low stresses (1018 and 1320 psi.) 
the second stage either is nonexistent or 
had not yet been reached after 7000 hr. 
of testing. 

The data for the first 2000 hr. are 
shown to a larger scale in Fig. 4. In 
this diagram the data from the original 
set of eight specimens are shown by open 
circles. It is evident from this plot that 
there is an initial or first transition region 
preceding the first stage of creep. The 
curvature of this transition is concave 
downward for intermediate and low 
stresses and concave upward for the high 
stresses. 

It will be noticed that no final region 
of increasing rate of creep occurred, 
such as the “third stage” of creep. in 
metals. This is probably due to the 
fact that there is no localized reduction 
of area (necking down) just before frac- 
ture of this material, as there is for 
metals. 


Effect of Aging: 

After an elapse of 2330 hr. (about 3 
months) from the start of these tests 
two more specimens were started at 
1802 and 1900 psi. in order to obtain 
more information at intermediate 
stresses. The resulting data are shown 
by the half filled circles in Fig. 4. It 
may be seen that the rate of creep of 
these specimens is much lower than was 
to have been expected on the basis of 
the first tests. For example the data 
for both tests of this second group (1802 
and 1900 psi.) fall below the data for 
the 1690 psi. test of Oe me group. 


Js. 
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Also it may be seen that the character 
of the initial transition has changed 
slightly from that observed in the first 
set of tests. 

The differences in behavior of these 
two sets of tests can only be the result 
of the elapse of time between the start 
of the first tests and that of the second 
tests (aging) because all other conditions 
were held constant. All specimens were 
made at the same time from the same 
sheet of acetate, and had been in the air- 
conditioned laboratory the same time. 
By aging is meant a change in the me- 
chanical properties of the material with 
time. Possible causes might be: slow 
change in moisture content; residual sol- 
vent content or plasticizer; or perhaps 
further polymerization. 

In order to study this phenomenon 
futher, tests of the remaining two speci- 
mens were started 5260 hr. after the 
start of the first test, at stresses of 
1690 and 1900 psi. The specimen used 
for the first test at 505 psi. was also 
changed to a stress of 2305 psi. (The 
specimen had not shown any creep at 
the 505 psi. stress.) The data for these 
tests are represented by the solid circles 
in Fig. 4. 

It will be noticed that the rate of 
creep for these tests is much less than 
that for the first group but is greater 
than the rate of creep for the second 
group of specimens. No explanation 
can be offered for this apparent reversal 
in the effect of aging and a further study 
of the effect is.not possible because of a 
lack of specimens which have had a 
parallel history. 

Weight measurements of specimens 
of the acetate show a decrease of about 
0.6 per cent in weight during the period 
of creep testing, about 7000 hr. 


Effect of Stress: 


The effect of stress on the creep of 


the cellulose acetate is better shown 
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by Figs. 5 and 6.5’ Figure 5 shows 
a double logarithmic plotting of 
stress against rate of creep (for the first 
stage of creep). The rate of creep is 
obtained as the slope of the curves 
shown in Fig. 3 or Fig. 4 for the first 
stage, as defined above. It will be 
noticed that the data for the first group 
of tests, shown by the open circles, fall 
on a straight line, except at the two 
extremes where measurement of the rate 
of creep was uncertain. The data for 
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where: 

S = the stress, 

the rate of creep, 

the geometric slope of the line, and 

the value of the stress corresponding 
to a rate of creep of one. 

This equation for the first group of tests 

is S = 1440 7°, 

An examination of Fig. 5 shows that 
aging changes the constant in the above 
equation but does not change the ex- 
ponent. 


Tr 
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the second and third group of specimens 
are also shown by half-filled and filled 
circles, respectively. These data also 
fall on straight lines which are parallel 
to the first. 

Data, such as these, which yield a 
straight line on double logarithmic 
plotting may be represented by an 
equation of the form 


S = m-r™ 


Proceedings, Am. Soc. Testing Mats., Vol. 34, Part LI, 

p. 10S (1934). 
7H. F. Moore, 

Edition, p. 37, McGraw-Hill Book Co. » Inc., New York, 


1941. 


¢P.G. McVetty, “The Interpretation of Creep Tests,” 


“Materials of Engineering,” Sixth 


In Fig. 6, stress is plotted against the 
creep occurring in a certain time inter- 
val. Curves for time intervals of 200, 
2000, and 6000 hr. are shown. It may 
be seen that there is a critica] value of 
stress at about 1500 psi. below which the 
creep is relatively small and above which 
the creep is relatively large. 

If it be assumed for purposes of 
analysis that a creep of 1 per cent in a 
time of 6000 hr. (about 8 months) is the 
limiting value above which structural 
damage may be said to occur for plas- 
tics, then a creep limit may be defined. 
It would be: The maximum stress that 
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can be continuously applied at a con- 
stant temperature and relative humidity 
for a period of 6000 hr. without causing 
creep of more than 1 per cent. Under 
this definition the creep limit for the 
cellulose -acetate as obtained from the 
first group of tests is 1000 psi. at 77 F. 
and 50 per cent relative humidity. 
Since a practical creep limit has not 
yet been defined for plastics, the above 
value is by way of illustration only. 
It seems likely that different definitions 
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for fracture dropped from 1500 hr. to 
500 hr. 

Thus aging has reduced the time for 
fracture at a given stress but aging, 
as shown above, also decreases the rate 
of creep at a given stress. It should, 
however, be mentioned that the duration 
of aging was about three times as long 
for the two sets of fracture tests as for 
the first two sets of creep tests. Also 
the aging did not occur over the same 
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Time for Fracture, hr.,log scale ay. 
‘Fag. 7.—The Effect of Stress on the Time for Fracture Under Constant Load. = 7 


of creep limit will be necessary for plas- 
tics used in different classes of service. 


Effect of Time: 


The effect of time of loading on the 
stress which would cause fracture to 
take place is shown in Fig. 7. In this 
figure stress is plotted against the time 
required to cause fracture at the par- 
ticular stress. Double logarithmic plot- 
ting is used. The open circles represent 
the data for long-time fracture tests 
started in November, 1940, and reported 
in the previous paper. The filled circles 
represent data taken from the creep 
tests shown in Fig. 3. The latter tests 
were started August, 1941. An ex- 
amination of Fig. 7 shows that the time 
for fracture is much less for the 1941 
tests than for the 1940 tests. For ex- 
ample at a stress of 2400 psi. the time 


The effect of time of loading on the 
ductility of the material, as measured 
by percentage elongation at fracture, 
may be seen in Fig. 3. The percentage 
elongation at fracture decreases rapidly 
at first and then more slowly, as the time 
for fracture increases. For a 200-hr. 
test, the percentage elongation at frac- 
ture was 48 per cent. For a 6600- 
hr. test, the percentage elongation at 
fracture was 39.5 per cent. 


CONCLUSIONS 


The following conclusions may be 
drawn from the creep tests of cellulose 
acetate as obtained from tests extending 
over 10 months’ time at a constant tem- 
perature of 77 F. and relative humidity 
of 50 per cent. . 

1. Two regions of constant rate of 


creep were observed with an initial and 


and 
ling 
ests 
that 
ove 
ex- 
i 
inter- 
200, 
jue of 
+h the 
es ol 
is the 
ctural it 
 plas- 
fined. 


922 ON Creep Tests of CELLULOSE ACETATE 
an intermediate transition region of de- caused a marked decrease in the first- ee 
creasing rate of creep. No final stage stage rate of creep. It was also observed, ee 
of rapidly increasing rate of creep oc- by comparison with previously reported 2 
curred, such as the “third stage” of data, that the time for fracture undera 
creep in metals. constant load decreased with aging of the 
2. The relationship between the stress material. 
and the rate of creep in the “‘first stage”’ 
of creep was found to be expressed by Acknowledgements: = i 3 M 
an equation of the form S = 1440 The tests reported are a part of the his é 
work of the Engineering Experiment 
as 3. A critical value of stress was ob- Station of the University of Illinois, omit 
‘ served above which relatively large M. L. Enger, Director, in the Depart- I 
-- ereep occurred and below which rela- ment of Theoretical and Applied Mech- exce| 
tively small creep occurred. anics of which F. B. Seely is head. pape 
eve 4. The creep limit of this material Acknowledgment is made to H. F. with 
was found to be 1000 psi. (for 1 per cent Moore and F. B. Seely for their criticism stout 
? ry creep in 6000 hr.) at 77 F. and 50 per and suggestions during the preparation perie 
ene cent relative humidity. of this paper and to O. Hintz and R. V. ‘eas 
ar 5. The ductility, as measured by Chase, student test assistants, for their a 
Sin: 72 percentage elongation at fracture, was careful work during the conduct of the enh 
found to decrease with increasing time tests. The author is also indebted to per 
i 7 for fracture (or decreasing values of the Plastics Division of Monsanto Chem- diffe 
| ae stress). ical Co. for the material supplied, and dais 
rie 3 6. Aging, a change in mechanical to the U. S. Regional Soybean Labora- anall 
ss properties of materials with time, was tory at the University of Illinois for the I 
e observed. For the acetate tested, aging loan of certain equipment. a Be obse 
tions 


= 


4 


Mr. JouN DELMONTE.1—Mr. Findley cently was called to my attention by 
he has added a very useful set of data toour research workers in textiles. The Rus- 
mat rather limited knowledge of creep phe-_ sians have a name for this preliminary 
1S, nomena. or first deformation which I think is 
rt- I should like to make one or two pretty good. The Russians call this 
ch- exceptions to the points raised in the initial deformation ‘“‘acoustical defor- 
: paper, and those have to do primarily mation,” because a sound wave is the 
F. with the observation of creep at very low most rapid mechanical pulse which can 
sm] stresses. It has been our previous ex- travel through a specimen. Then the 
on | perience when making measurements textile people call the thing, which I 
V. through use of the beam that creep phe- believe we are calling creep, ‘delayed 
_ nomena was observable at stresses even elasticity,” from the standpoint that a 
the under 500 psi.; we observed creep even great deal of it may be returned, may be 
to as low as 50 to 100 psi. However, gotten back over a period of time; and, 
‘M- | differences in measurements might be finally, the textile people refer to a third 
ind due to the technique in Mr. Findley’s item as “permanent set,” and “perma- 
noe method versus our methods. nent set,” I am told, may be entirely 


I should like to make this further 
observation: In making initial observa- 
tions on creep phenoma I should like to 
know how long a period of time was 
required to make the first reading. For 
example, we find true elastic phenomena 
usually was measured over an instan- 
taneous period of time. That is to say, 
the deformation within the first fraction 
of a second when the load was applied 
constitutes elastic phenomena; any other 
deformation is necessarily plastic in 
nature and, consequently, bears more on 
the subject of creep. Hence, the time 
to make the first observation of deforma- 
tion would be quite significant. 

Mr. E. B. Cooper.*—I should like to 
call to the attention of the Society’s 
Committee D-20 on Plastics a point in 
connection with creep which rather re- 


1Technical Director, Plastics Industries Technical 
Inst., Los Anges, Calif. 
2 Physicist, . du Pont de Nemours and Co., Ar- 


lington, N. 
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eliminated by mechanical conditioning, 
that is, if a fiber has been “permanently 
set”’ once, the next time it shows only 
acoustical deformation plus delayed elas- 
ticity. 

In seems to me that in our creep 
studies some attention to the work done 
in textile fibers since, I believe, 1840 
might yield some useful information. 

Mr. G. M. Kutve.*—In line with the 
previous discussion I think that possibly 
we should attempt to divide the phe- 
nomena of flow of plastics under load 
into several categories as Mr. Delmonte 
has done in some of his papers. It 
would be of distinct interest if that type 
of information on recovery of plastics 
when the load is removed, particularly 
in the early stages, could be made 
available. This would be of value for 
many applications of cellulose acetate 


3 Chief, Organic Plastics Section, National Bureau of 
Standards, Washington, D. C. 
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plastic in which relatively minor loads of 
short duration are involved. 

Mr. W.N. (author’s closure). 
—In reply to the comments by Mr. Del- 
monte, the elapse of time between ap- 
plication of load and the first reading in 
a creep test was 15 to 20sec. However, 
this interval of time is not as significant 
in the method of testing employed as 
Mr. Delmonte implies, because creep, as 
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be determined. However it can always 
be obtained from a knowledge of the 
modulus of elasticity and the stress in 
the specimen. 

Mr. Delmonte states that he observed 
creep at stresses as low as 100 psi. I do 
not wish to imply that no creep occurred 
at a stress of 500 psi. (the lowest stress 
used in the above tests) but that no 
creep was measurable with the instru- 


octure~ 
Tests Started 5260 hr. After First Tests 
4 

load Removed “al 

1690 psi.. \ Brel wod 


umeally defined and as pointed out in 
the paper, is the total extension (meas- 
ured in per cent) which has taken place 
up to a certain time. That is, creep 
includes both the initial elastic strain 
and the continuing deformation which 
takes place over a period of time. Thus 
the “elastic” part of the strain need not 


‘Associate in Theoretical and pagted Mechanics, 
College of Engineering, University of Illinois, Urbana, Ill. 


Time, hr. 
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Fic. 1.—Creep-Time Diagrams Showing Recovery Upon Release of Load. 


ments used. That is, the results of the 
above tests indicate that if creep oc- 
curred at a stress of 500 psi., it was less 
than 0.1 per cent in 5000 hr. It may be 
that the creep observed by Mr. Del- 
monte was due to the type of apparatus 
which he used. In the cantilever beam 
specimen which Mr. Delmonte used there 

5J. Delmonte and W. ar, “‘Factors Influencing 


Dew 
and Cold Flow of Plastics,” ASTM Butietin, No 
112, October, 1941, p. 35. 
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are two points of stress concentration, 
one at the loading hook and the other 
at the clamp. His method of measure- 
ment would include deformations result- 
ing from local high stress at both of 
these stress concentrations, so that the 
observed creep may have been the re- 
sult of creep in the regions of high stress 
rather than creep at a stress of 100 psi. 
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to 1900 psi. and 1690 psi. were unloaded 
after about 5800 hr. These data are 
shown in the accompanying Fig.1. The 
tests shown in this figure correspond to 
tests started 5260 hr. after the first tests 
(see Fig. 4). It was observed that the 
amount of recovery for tests at the three 
different stresses was about the same and 
that the rate of recovery (slope of curve) 
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1018 psi~ 
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As a result of comments by Mr. Kline 
and Mr: Cooper, data have been obtained 
on the recovery which occurs when the 
load is removed from a specimen after 
creep has taken place under a constant 
load. Tests at three different stresses 
are shown in the accompanying Fig. 1. 
The specimen which was stressed to 
2305 psi. failed after about 5700 hr. 
The extensometer clips were, however, 
not disturbed by the fracture so that it 
was possible to record the relaxation 
after fracture. The specimens stressed 


2. —Creep-Time Diagram, 13,000 hr. (Compare Fig. 3). 


was also about the same even though the 
creep at the time the load was removed 
was as widely different as 40 per cent for 
the 2305 psi. stress and 6.5 per cent for 
the 1690 psi. stress. It, perhaps, is 
significant that the recovery after a rela- 
tively large amount of creep was of 
much smaller magnitude than the creep 
occuring over a like period of time. 
These recovery tests have continued for 
a period of about 1800 hr. 

Since the paper was submitted, the 
original creep tests have been extended 
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to a period of time of 13,000 hr., about 
18 months. Data for the original group 
of specimens is shown in the accom- 
panying Fig. 2. It was observed that 
the “first stage’ of creep remained a 
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straight line throughout the 18 months 
for the two lowest stresses shown, 1320 
psi. and 1018 psi. The “second stage”’ 
of creep was found to be a gradual curve 
in the case of the 1690 psi. stress. 
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By Lapistav Boor! 


SYNOPSIS 


ie aa special aspect of hardness of plastics tentatively designated “mar 


resistance” 


was studied by means of a test in which abrasive was allowed 


to fall against a test surface, and the resultant lowering of gloss was evaluated 


with an optical glossmeter. 
materials, plastic and nonplastic. 


Comparative values are given for a variety of 
Data obtained by this test on a series of 


plastic materials by three cooperating laboratories are given and a com- 


parison is made of their relative rating by different test methods. 


Increasing utilization of plastics as 
elements of structure and in the decora- 
tive field implies a constant expansion of 
knowledge concerning their basic phys- 
ical properties. One of these groups of 
properties now under investigation by 
Subcommittee II on Hardness Proper- 
ties of the Society’s Committee D-20 
on Plastics has been given the general 
descriptive term “hardness.” In the 
field of metals, the property of hardness 
has been associated with the concept of 
resistance to indentation, and methods 
of measuring this property are in general 
use. 

In the field of plastics, it was soon 
found that the term “hardness” was 
used to describe many aspects ‘of the 
behavior of plastics, such as: 

(a) Resistance to compression and the 
variation of this resistance with tem- 
perature. 

(6) Resistance to indentation. 

(c) Resistance to wear, as occurs 
when a shaft revolves in a plastic bearing. 

(d) Resistance to scratching by abra- 


1 Ph 


ist, American Cyanamid Co., Stamford Re- 
search 


boratories, Stamford, Conn. 


sive particles as might occur in a plastic 
table top or tray. 

(e) Resistance to optical degradation 
by air-borne abrasive particles, as in a 
plastic windshield. 

That determinations of hardness under 
each of the above conditions would not 
rate a series of plastics in the same order 
was soon recognized. In Kline and 
Axilrod’s investigation of properties of 
transparent plastics for aircraft (1),? a 
comparison was made of hardness meas- 
ured by different indentation methods 
with that found by the Bierbaum 
microcharacter (2). Their conclusion 
at that time was: 

“Tt is therefore believed to be imprac- 
tical to substitute the better known-and 
more rapid indentation hardness meas- 
urement (Vickers) for scratch resistance 
data obtained with a sclerometer (Bier- 
baum).” 

During the course of an investigation 
of scratch resistance of various thermo- 
setting molding compounds and lami- 


nated decorative sheet materials, we 


*The boldface numbers in parentheses refer to the 
Teports and papers appearing in the list | of references 
to this paper, see p. 941. Se 
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attempted an evaluation of scratch 
hardness by means of the Bierbaum 
microcharacter. It was found that a 
rating on the basis of microhardness by 
the Bierbaum method did not agree too 
well with the results of service tests. 
This lack of correlation was partly due 
to the lack of precision inherent in the 
determination of microhardness of this 
type of material. The method requires 
measurement of a scratch made under 
standard conditions with an eyepiece 
scale in a microscope. The character 
of the furrows made in a brittle plastic 
surface layer makes it very difficult to 
judge the precise location of the edge of 
such a furrow to a high degree of cer- 
tainty. For instance, in a group of 
samples, showing scratch widths of 29 
to 36 uw, these values were accurate to 
about 4 uw, corresponding to a range of 7 
to 12 points in microhardness values 
between 27.7 to 51.0. There is an 
additional error introduced by the elastic 
behavior of some of the plastics resulting 
in varying degrees of recovery at the 
edges of the furrow where the stresses 
are of a low order. 

A method of measuring abrasion re- 
sistance of paint films has been described 
by Schuh and Kern (3) and is now under 
consideration as a tentative standard 
by the Society’s Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
Products. In this method, a stream of 
abrasive is blown against a test surface 
and the amount of abrasive necessary 
to wear away a known thickness of 
paint film is determined. Some tests 
by this method on laminated plastics 
showed that the initial glossy surface of 
the material was removed in the first 
few seconds of the test, and further 
abrasion merely wore a depression into 
the body of the sheet. Weighing the 
amount of material removed in a short 
time was unsatisfactory because of the 
small weight losses involved. rare 


It was later found that dropping a 
granular abrasive from a height of about 
25 in. gave a milder abrasive action and 
that increasing amounts of abrasive 
produced abraded spots progressively 
duller in appearance. 

This method is not new, having been 
in use by the author since about 1922 
for evaluating abrasion resistance of 
cellulose nitrate film. Gardner (4) de- 
scribes a similar method long used by 
his laboratory for testing paint and 
varnish films. More recently, the same 
principle has been used by Bruce Chal- 
mers (5) for measuring the surface hard- 
ness of thin electroplated coatings, and 
its use on glass, plastics, and paint films 
was suggested. 

In the earliest work mentioned, the 
abrasion resistance was expressed in 
terms of a set of prepared standards 
which were matched visually against the 
unknowns. Gardner (4) suggested the 
use of a glossmeter for rating gloss 
degradation of paint films and Chalmers 
(5) described an instrument for measur- 
ing specular gloss. 

An experimental glossmeter had been 
built by the Stamford Laboratory for 
evaluation of paint films and coated 
papers which, with some minor changes, 
was adapted for measuring gloss of the 
abraded test areas on plastics. The 
problem was to obtain a sufficiently 
large and uniformly abraded spot upon 
which the incident light beam of the 
glossmeter could be focussed, and the 
spatial distribution of the reflected 
image analyzed. A large abraded area 
implied an abrasive stream of consider- 
able cross-section—or a _ considerable 
quantity of abrasive if allowed to fall 
from a single opening—and the conse- 
quent interference of abrasive particles 
with each other. We found that by 
allowing the abrasive to fall from a hop- 
per with small openings at the bottom 
arranged in annular fashion and rotating 
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the hopper slowly, a uniformly abraded 
spot about # in. in diameter could be 
produced, and the rate of abrasive feed 
would be low enough to minimize the 
interference of abrasive particles with 
each otl 


Fic. 1.—Photograph of Abrader. 


The abrader as finally set up is shown 
in Fig. 1.2 A glass tube A, 1 in. in 
outside diameter and { in. in inside 
diameter is supported vertically. At 
the top is the rotating hopper B, driven 

3 The Abrader, Fig. 1, and Glossmeter, Fig. 3, were 
designed and constructed under the direction of B. J. 
Dennison of the Pittsburgh Plate Glass Co., Creighton, 
Pa. Working drawings are to be available from A.S.T.M. 
headquarters. ie 
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by a small motor D. The hopper may 
be formed from thin sheet metal with 
smooth soldered seams. It has a double 
conical bottom with six holes 0.070 in. 
in diameter equally spaced in a circle 
; in. in diameter at the intersection of 
the inner and outer cones, with one hole 
at the apex of the inner cone. 

The ball bearing C is a standard item, 
2} in. in outside diameter and 1} in. in 
inside diameter with sealed balls. The 
outside ring is rigidly clamped into 
position on a vertical stand. A brass or 
copper tube 1} in. in outside diameter 
and 1% in. in inside diameter and about 
1} in. long is fitted tightly into the inner 
ring of the bearing. The glass tube 
extends upward into the metal tube and 
reaches just to the lower edge of the 
hopper. To the metal tube are soldered 
four supporting arms, inside of which 
the removable hopper fits. The upward 
projecting portion of the brass tube 
serves as a pulley which is driven by the 
small motor D*, with built-in reducing 
gear at about 7 rpm. 

The receptacle to receive the abrasive 
may be any metal container about 8 by 
8 by 8 in. in size (a 5 gal. can, cut off to 
a height of 8 in. may be used) equipped 
with a supporting shelf at 45 deg. to the 
axis of the tube, spring clips to hold 


specimens under test, and slots at the 
ends to permit sliding sheet materials — 


past the bottom of the abrasive tube. 
The height of drop, from the bottom of 
the hopper to the center of the test 
specimen at the axis of the tube, is 25 in. 
The abrasive used in our work was No. 
80 carborundum which, with the con- 
struction shown, feeds from the hopper 
at about 200 to 250 g. per min. The 


assembly and alignment of the different — 


parts should be made very carefully, 
and the axis of the tube should be exactly 


vertical as checked with a plumb line. © 


4 Speedway Manufacturing Co., 1834 S. Fifty-second 
Ave., Cicero, Ill. No. 952W. 11 rpm. 
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To make a test, the sample is clipped 
to the supporting shelf, the empty hop- 
per started rotating, and the requisite 
amount of carborundum is poured into 
the hopper. Suggested amounts of 
abrasive for each separate test are 200, 
400, 800, 1200, and 1600 g. When a 
given amount of abrasive has dropped 
through the sample is shifted and an- 
other spot is made with the next suc- 
ceeding amount. There are finally five 
abraded spots each produced by the 
respective amount of abrasive. These 
areas may have particles of abrasive 
clinging to or embedded in the surface. 
Wiping or brushing of the test area has 
been found to give irregular and non- 
reproducible results. A mild air blast 
has been satisfactorily used to clean off 
excess abrasive and is recommended. 

The abraded spots will appear to the 
eye as dulled areas about ? in. in diam- 
eter, of uniform dullness across the entire 
test area. Misalignment of parts or 
improper feeding of abrasive will result 
in areas of nonuniform appearance, such 
as edges duller than the center, or vice 
versa. Adjustments should be made 
until the test spot appears visually 
uniform. 

It has been observed that continued 
use of the same batch of carborundum 
causes an apparent improvement of mar 
resistance of a given material, probably 
because of breaking up of abrasive 
particles or by dulling their sharp cut- 
ting edges. We have tentatively set a 
limit of 50 runs for a given lot of abrasive 
after which it is discarded. It is also 
advisable to keep this test abrasive well 
screened, passing a No. 60 sieve to take 
out extraneous matter such as lint, 
hairs, wood splinters, etc., and retained 
on a No. 120 sieve to remove fine broken- 
down abrasive particles and dust. 

The particular aspect of hardness of 
which this test is a measure has been 
given the tentative designation “mar 
resistance.” 
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Depending on the type of plastic 
under consideration, various methods of 
evaluating the optical degradation of the 
test areas may be used. For transparent 
plastics some type of haze meter, such 
as the Kline Bowen Instrument (1), 
the American Optical Co.5, the Barnes 
Sphere turbidimeter®, or any of the 
instruments described in the Proposed 
Tentative Method of Test for Measur- 
ing Photoelectrically the Haze of Trans- 
parent Plastics’ may be used, and the 
results expressed in percentage of haze, 
or percentage transmission against quan- 
tity of abrasive. Since most of our 
work has been concerned with opaque 
plastics, the simplified glossmeter pre- 
viously referred to was used. 


Fic. 2.—Distribution of Reflected Light. 


Its principle of operation is based on 
the following optical behavior of plane- 
reflecting surfaces shown in Fig. 2. A 
beam of light incident upon a mirror 
at 45 deg. is reflected specularly at 
45 deg. and its polar distribution will 
have the shape AAjAo. If the mirror 
surface is disturbed by abrasion, pro- 
gressively more light will be scattered 
on either side of the specularly reflected 
beam and its distribution will assume 
the shape BB,B, approaching the uni- 
form distribution CC,C; characteristic 

5H. R. Moulton, Proposed Method of Haze Measure- 
ment, Report to Subcommittee IV on Optical Properties of 
A.S.T.M. Committee D-20 on Plastics. 


6 Barnes turbidimeter now under developmen 
7 Report of Committee D-20 on Plastics, see “4 "453. 
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of a nearly perfect diffusing surface such 


as magnesium carbonate. 

If we place a lens in the path of the 
reflected beam and focus the image of 
the illuminated spot on a photocell and 
measure its intensity at the specular 
angle 7; and again along the angle /; at 
15 deg. away from the specular, their 
ratio is a measure of the peakedness of 
the light distribution curve, or a measure 
of the gloss. The angle of 15 deg. off 
specular was chosen, because with the 
particular instrument described, the 
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the 30 deg. angle (15 deg. off specular), 
then 


I 
3 is a measure of the sharpness of the 
2 
peak of light distribution. 


To convert this into convenient nu- 


merical terms, 


Gloss, per cent = 100 
1 


Accordingly, a zero reading at the 
off-specular angle gives 100 per cent 


Fic. 3.—Glossmeter. 


specular beam from a mirror surface 
just misses the opening of the receptor 
lens. Figure 3 is a photograph of the 
instrument .* 

To reduce the complication caused 
by variable photocell readings from 
surfaces of differing original reflectivity 
and to minimize the effect of voltage 
variation on the intensity of the incident 
beam, only the ratio of light intensities 
reflected at the two observation angles 
is used in the gloss formula. 

If J, is the photocell reading at the 
specular angle and J, is the reading at 


gloss and equal readings at specular and 
off-specular angles correspond to 0 
per cent gloss. 

In comparing abrasion characteristics 
of a series of materials which do not 
have the same original gloss, the initial 
gloss value of the unabraded surface is 
equated to 100 per cent and the pro- 
gressive degradation is expressed in 
per cent. 

Typical data are shown in Table I, 

The glossmeter may be assembled 
from the following parts: 

The light source is a Model “M” 
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S.V.E. Projector.’ An extension tube 
is made to permit the lens to form an 
image at a short distance. The size of 
the test spot is determined by several 
circular holes ranging from § to ? in. in 
diameter, punched into a piece of 
blackened 35-mm. film, and loaded into 
the film carrier. To regulate the quan- 
tity of light, independent of the size of 
the test spot, a diaphragm may be 
added to the front of the projector lens. 
This may be a microscope condenser 
iris diaphragm with a 1}-in. opening 
fitted over the projector lens, or a series 


TABLE I. 
Photocell Readings Gloss, 
h | Original 
93.5 2.0 97.9 100 
ees 60.0 4.0 93.3 95.4 
400... 43.5 5.0 88.5 90.4 
re 33.0 6.0 81.8 83.5 
AES 25.0 6.0 76.0 77.6 
1600.. 19.0 6.0 68.4 70.0 
a 
I, = Reading at lar 


Gloss, per cent = 100 pile 


of caps over the front of the lens with 
openings of varying diameters in steps 


of 

The pickup for the reflected beam 
may be any lens about 1} to 1} in. in 
diameter of about 4 to 5-in. focal length 
(a duplicate of the projector lens may 
be used) which picks up the reflected 
beam and converges it sufficiently to 
impinge on the sensitive area of the 
photocell. The photocell may be of 
any type having a linear current- 
intensity relation.’ The projector may 


§ Society for Visual Education, 100 E. Ohio St., Chi- 
cago, Ill. 
® Any barrier layer cell having an active surface about 
1 in. in diameter may be used, such as No. 732 “‘Electro- 
cell,’ Photovolt Corp., 95 Madison Ave. General Electric 
and Westinghouse make similar cells. The galvanometer 
may be General Electric No. 32C 249 G25 with built-in 
shunts covering ranges of 10-5-2-1 or a similar instrument 
having an internal resistance of 300 ohms or less. Other 
units which include both photocell and meter are: Photrix 
Universal Photometer Model A., Photovolt Corp., 95 
adison Ave., New Y ork, N. v.; Weston Model 603 
Illumination Meter with le No. m4 i Weston Elec- 
trical Instrument Corp., ewark, 
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be permanently mounted with its optical 
axis at 45 deg. to the plane of the 
specimen with a distance of about 12 in. 
from the perforated film to the center 
of the test surface. The receptor sys- 
tem may be fastened to a hinged arm 
movable about a point located in the 
plane of the test surface at the center 
of the illuminated test spot, with free- 
dom of motion from a position at 45 deg. 
to the plane of the specimen, to the 
off-specular position at 60 deg. to the 
plane of the specimen. 

When properly assembled, and with a 
mirror in place of the test specimen, the 
circular reflected image of the incident 
light beam should be seen entering the 
receptor lens at the specular 45-deg. 
angle. With the arm tilted upward 
15 deg., this specular beam should just 
miss the receptor lens in its new position. 
The active surface of the photocell 
should be masked to permit only the 
specularly reflected image of the test 
spot to strike the cell. A _ voltage 
regulator on the light source in the pro- 
jector is desirable but not essential if 
the voltage fluctuations are not of too 
great an amplitude, or not of very short 


period. 
EXPRESSION OF RESULTS as 


Having obtained the values of per- 
centage gloss after varying amounts of 
abrasive action, these may be plotted 
against each other giving a charac- 
teristic curve. Such curves for different 
materials often are found to change slope 
irregularly, depending on the degree of 
“case. hardening” of the surface layer; 
they may cross each other, and the 
rating of a series at a given amount of 
abrasive may not be representative of 
their relation at another amount. One 
method of arriving at an over-all per- 
formance index is to average the per- 
centage of original gloss at the various 
amounts of abrasive, which would ap- 
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Fic. 4.—Shows Tests on Window Glass, Melamine-Urea Resin Surface Laminated (S50), 


Fic. 5.—Shows Black Ferrotype Plate, Cellulose Acetate Sheet, a Plasticized Melamine-Urea 


A soe on waniber’ in the form of tire tread stock gave a line which varied but slightly from 100 per cent 
and on which the abraded spots were hardly distinguishable. tr 
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. 6.—Shows a Group of Paper-Base Laminated Materials with Their General Classification Based 

on Service Tests. 
Samples from Formica Insulation Co., Cincinnati, Ohio. 
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Fic. 7.—Shows Tests on Four Materials Used in Telephone Equipment with Their Wear Indices 
The correlation in this group is poor. 


Samples submitted by Robert Burns, Bell Telephone Laboratories. sia 
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Fic. 8.—Represents Tests on a Variety of Methacrylate Sheet Materials with Their Ratings on the 


Submitted by E. I. du Pont de Nemours Co., Arlington, N. J. 
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proximate the area included between 
the curve and the coordinate of abrasive 
amount. Even this would not dis- 
tinguish between two materials which 
might have quite different shapes of 
characteristic curves, and for accurate 
comparisons, the full curve should be 
determined. 

For a quick test at a mild degree of 
abrasive action, the rating at a small 
quantity of abrasive, such as 200 or 
400 g., may give sufficient information. 
Chalmers (5) uses as an index the grams 
of abrasive necessary to reduce the re- 
flectivity to 50 per cent of its original 
value. This would serve for comparing 
materials of rather low mar resistance, 
but might entail considerable time to 
obtain a sufficient number of points 
which would be extrapolated to 50 
per cent of original gloss, on materials 
such as glass. 


_Liwrrations oF Test METHOD 


Since the method is intended to rate 


relative decrease in gloss, obviously only 
materials possessing highly specular re- 
flectance can be measured. 

For strict comparisons of mar re- 
sistance, materials having nearly similar 
reflectance values should be used. For 
instance, a comparison of two types of 
resin coatings in which one was an 
opaque white and another an opaque 
black would not be as informative as a 
test made on these resins compounded 
to give the sdme general color. 


Evaluation of Typical Test Materials: 


In the preliminary work, a large 
number of materials was tested, and 
typical curves are shown in Figs. 4 to 9. 

These results seemed encouraging 
enough to warrant further exploration. 
Accordingly, four laboratories (including 
our own) agreed to carry out a series of 
cooperative tests. After one unsuc- 
cessful attempt it was apparent that 
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the four glossmeters were not in agree- 
ment with one another. A series of 
reference standards was then prepared,'° 


TABLE II.—COMPARISON OF CALIBRATION. 


Gloss, per cent® 


Standard | 


Sample Labora- |Labora- /Labora- 
tory A | tory B | tory C 


Labora- 
tory D 
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“ Laboratory A = American Crenauid Co., Stamford 

tory; Original nstruments. 

Laboratory B = Pittsburg Plate Glass Co., Creighton, 
res Abrader and Glossmeter designed and built by them- 
selves. 

Laboratory C = Brooklyn Navy Yard, Brooklyn, N 
Y.; Abrader and Glossmeter built according to Pittsburg 
Plate Glass design. 

boratory = Brooklyn Polytechnical Institute, 
omy, N. Y.; Laboratory instruments built by them- 
selves. 


by grinding plate glass to varying degrees 
of surface roughness, calibrating them 
on one instrument, and distributing 


10 These were 


repared through the kindness of B. ) 
Dennison of the 


ittsburgh Plate Glass Co 
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them among the four laboratories. The 
proper adjustments were then made on 
each of the instruments, and the 


TABLE III.—VALUES OBTAINED WITH THE 
AVERAGE OF RESIDUAL GLOSS. 


Percentage of Original Gloss 
= Material® | 400 | 800 | 1200 | 1600 
g. g.- g. g- 
3 Abra- |Abra- |Abra- | Abra- Avg. 
3 sive | sive | sive | sive 
B : 90.3 | 80.5 | 72.9 | 65.0 | 77.2 
c vet | & 87.8 | 80.0 | 70.8 | 66.0 | 76.2 
A jj) : 89.0 | 79.5 | 73.1 | 67.3 | 77.2 
B Form 69.0 | 49.9 | 36.8 | 26.8 | 45.6 
c No.2 75.6 | 55.7 | 42.2 | 41.2 | 53.7 
A 76.1 | 62.5 | $1.8 | 45.4 | 59.0 
B }) Form 83.7 | 64.7 | 51.1 | 43.8 | 60.8 
Cc No.3 80.2 | 62.3 | 47.8 | 34.5 | 56.2 
A 78.8 | 62.4 | 53.1 | $0.6 | 61.2 
B (45.9 | 27.8 | 29.1 | 24.5 | 31.8 

| 33.9 | 33.9 | 39.4 
B | 76.6 | 59.2 | 53.5 | 48.5 | 59.5 
Cc Vinylite 75.4 | 58.7 | 45.2 | 43.4 | 55.7 
A jj 74.1 | 65.4 | 62.0 | 59.1 | 65.2 
B }) {| 84.6 | 74.3 | 63.9 | 60.2 | 70.8 
{| 81-7 | | 59-4 | $1.2 | 
A |) | 82.7 | 72.6 | 67.4 | 63.1 | 71.5 
B (| 81.4 | 61.1 | 47.6 | 46.7 | 59.2 
Methacryl- 77:4 | $8.5 | 39.6 | 27.2 | $0.7 
A jj || 74.1 | 60.7 | 56.1 | 53.5 | 61.1 


* Formica No. 1—Laminated sheet material, walnut 
color, urea-melamine resin surface. 

Formica No. 2—Laminated sheet material, light green 
color, urea-thiourea resin surface. 

Formica No. 3- —Laminated sheet material, mahogany 
color, phenolformaldehyde resin surface. 

Formica Nos. 1, 2, arfd 3 obtained from J. D. Pitzer, 
Formica Insulation Co., Cincinnati, Ohio. 

Pol styrene—Transparent amber injection molded 
sheet No. 141-A7014-A. Obtained pent: K. Nason, Mon- 
santo Chemical Co., Springfield, Mas: 

Vv dark blue gheet ‘VS 3300. Obtained 
from M. C. Reed, Vinylite Division, National Carbon Co., 
Cleveland, Ohio. 

Cellulose Acetate—colorless transparent sheet. Ob- 
tained from E. Schweizer, The Celluloid Co., Newark, N. J. 

Methacrylate —Colorless transparent sheet. Obtained 
from the E. I. du Pont de Nemours Co., Arlington, N. 
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final comparison of calibration is given 
in Table II. It is our opinion that this 
agreement between instruments of differ- 
ent makes using different photocells and 
electrical measuring equipment is as 
good as can be expected. Higher de- 
grees of precision would result from the 
construction of all instruments by the 
same company, but this must be left 
for the future. 

A series of plastic sheet materials was 
then distributed among three of the 
laboratories, each equipped with its 
own abrader and glossmeter. The com- 
parisons were made on the basis of the 
following amounts of abrasive: 400, 
800, 1200, and 1600 g. Table III shows 
the values obtained with the average of 


TABLE V. 
Mar Resistance Scratch Hardness 
| 
Formica 
No. 1 76.9; 1 |89.0} 1 |30.9| 2 |2.27| 2 
Cellulose 
acetate..|69.2 | 2 (82.7) 2 (12.2 $} 0.89 | 6 
Vinylite 60.1 3 175.4} S |12.2 7j |0.70 7 
Formica 
No. 3 59.4 4 (80.9; 3 (21.4) 3) /|1.88 3} 
Metha- 
crylate 57.0 5 \77.6 4) |1.88 4) 
Formica 
No. 2 52.8 6 |73.6 6 (47. 6 | 1 |2.81 1 
Polysty- 
rene 32.7 | 7 (46.6) 7 (1.35) 5 


* Bierbaum Scratch Hardness tests made with micro 
character (2). 
Olsen Scratch Test made on an instrument now under 
development. Data from a report to Subcommittee II 
of Committee D-20 by B. L. Lewis, September 26, 1941. 


TABLE IV. 

Wet 77.2 1 | 89.0 1 77.2 1 90.3 1 76.2 1 87.8 1 
Cellulose acetate . -| 71.5 2 82.7 2 70.8 2 84.6 2 65.3 2 81.7 2 
65.2| 3 |59.5| 4 | 76.6] $ |55.7| 4 | 75:4| 6 
Formica No. 3.... -| 61.2 4 78.8 3 60.8 3 83.7 3 56.2 3 80.2 3 
Methacrylate. - -| 61.1 5 74.1 6 59.2 5 81.4 + 50.7 6 77.4 4 
59.0 6 76.1 4 45.6 6 69.0 6 53.7 5 75.6 5 
39.4 7 50.8 7 31.8 7 45.9 7 25.9 7 43.1 7 
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residual gloss at the four amounts of that all plastic materials are not uni- 
abrasive. formly hard as the surface is penetrated, 


Formica No. 3 
Fic. 10.—Abraded Test Areas on Typical Laminated Plastics. 


Polystyrene 


Methyl methacrylate 
Fic. 11.—Abraded Test Areas on Typical Transparent Plastics. 


fais. INTERPRETATION OF DATA we might compare them on the basis 


_ These data may be interpreted in two of: 
general ways. Recognizing the fact (a) The average area (up to 1600 g. 
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(b) 1600-g. abrasive. 
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heet (X 200). 
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200-g. abrasive. 
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abrasion) under the curve of percentage 
. gloss plotted against amount of abrasive. 

(6) The relative percentage gloss at a 
constant small amount of abrasive 
(400 g.). 

Table IV gives these values. 

It appears that the two materials 
Formica No. 1 and cellulose acetate are 
rated first and second, and polystyrene 
is rated seventh by all laboratories. 


The other four materials are closely 
grouped between these two extremes, by 
all laboratories. 

Table V, based on the averages of all 
three laboratories on each material, 
gives the relative abrasion resistance of 
the group, rated at average for the full 
1600-g. test and at 400 g. of abrasive. 
For comparison the ratings by two 
methods of scratch hardness are in- 
cluded. Although the two scratch hard- 
ness tests rate the materials in exactly 


Fic. 13.—Photomicrograph of No. 80 Carborundum (X 50). 


the same order, this order differs widely 
from the rating by the mar resistance 
test. 

It can be seen that continued abrasion 
will reduce the gloss of any plastic until 
its surface approaches a nearly constant 
matte condition; hence sma!] differences 
in the rate of degradation at the begin- 
ning of the test are masked by the 
approach to a constant value with large 


(1) 


(2) 


(3) 


amounts of abrasion. It is possible 
that the relative gloss at a mild degree 
of abrasion, such as 400 g., may be a 
sufficiently significant measure of mar 
resistance. A test at one quantity is 
shorter than the complete series, where 
five different amounts are used, and 
several check runs at 400 g. should give 
a representative value for the plastic 
under test. 

We wish to emphasize at this point 
that each of the materials tested repre- 
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sents ‘only one of a wide variety of 
formulations and range of properties 
which can be imparted to any one of the 
group; hence the ratings of scratch and 
mar resistance as shown cannot pretend 
to represent a final and absolute rating 
of the materials listed. 

Figures 10 and 11 show the appearance 
of typical test specimen after abrasion. 
Figure 12 shows photomicrographs of 
abraded areas of methacrylate sheet. 
Figure 13 shows photomicrograph of 
No. 80 carborundum. 


(1) G. M. Kline and B. M. Axilrod, “Study of 
Transparent Plastics for Use on Aircraft,” 
Journal of Research, Nat. Bureau Stand- 
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(2) C. H. Bierbaum, “A Study of Bearing 
Metals,” Transactions, Am. Inst. Mining 
and Metallurgical Engrs., Vol. 69, pp. 
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(3) A. E. Schuh and E. W. Kern, “Measurement 
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Mr. R. S. Hunrter.'—I have two 
observations to make regarding the 
method of measuring gloss. 

(1) The optical system, which has 
been designed to deal with small test 
areas, is such that it will be necessary 
to make careful comparisons of one 
instrument with another to get results 
that are comparable from one labora- 
tory to another. 

(2) I wish to comment favorably on 
Mr. Boor’s method of interpreting the 
gloss data; I think it well to subtract 
the reading the instrument gives at the 
off gloss angle, that is, 60 deg., as Mr. 
Boor calls it, from the reading at the 
specular angle, that is, 45 deg. 

Mr. H. R. Movutton.?—At the time 
this problem of mar resistance and, in 
general, the abrasion resistance of plas- 
tics, first came. up, the discussion 
centered around the general term “‘re- 
sistance to scratching.” It is interest- 
ing to see that in this paper and in the 
discussion of the work which has been 
done it has been referred to as 


“mar 
resistance,” and especially classified as 
“mar resistance due to air-borne 
abrasive.” 


There is, however, another field of 
mar resistance that I feel should be 
investigated, and that is the general 
abrasion resistance. A great deal of 
work has been done—I know a great 
deal of work has been done at the 
National Bureau of Standards by Mr. 


1 Assistant Physicist, National Bureau of Standards, 
Washington, D. C. 
2 Assistant Director of Research, American Optical Ce., 


hb: 


942 


Kline and some has been done by Mr. 
Dennison of the Pittsburgh Plate Glass 
Co.—and in the discussions which we 
have had in the subcommittee on this 
particular subject there have been a 
number of suggestions offered. 

The injury to a surface which results 
from wiping that surface is one far more 
difficult to evaluate, I think, than the 
injury to the surface that results from 
air-borne abrasive, and it seems to me 
that work should be done along that 
line. I have no suggestions to offer. 
I have tried perhaps half a dozen differ- 
ent methods to evaluate the wiping 
durability of abrasive surfaces and I 
have found none that I would depend 
upon 100 per cent. However, after 
studying the results and talking with 
the people who have run the tests with 
this method I would place considerable 
confidence in evaluating a series of 
plastics of a variety of types in the 
proper order of resistance to mar re- 
sistance by air-borne abrasive using this 
method. 

Mr. Hunter.—Regarding Mr. Moul- 
ton’s comment, the Porcelain Enamel 
Institute has done a thorough job of 
preparing methods to test the resist- 
ance of porcelain enamel surfaces to 
what they call abrasion. They are 
interested in the wiping resistance of 
porcelain enamels to cleaning with so- 
called cleaning compounds which “don’t 
scratch,” and they have a test which is 
now standard with them. The Porce- 
lain Enamel Institute test might be a 
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Mr. W. H. Garpner.*—The charac- 
teristics of plastics and that of vitreous 
enamel are quite different. The as- 
pects of the vitreous enamel tests were 
considered in developing this particular 
test. With glass you do not encounter 
the elastic properties, and the problem 
of rubbing is quite different than what 
we are attempting to measure here. 

Mr. H. E. Smirn.t—It may be of 
interest to mention an abrasion test on 
an entirely different material. Some 
years ago we were desirous of testing 
the abrasion resistance of locomotive 
bell cords. We tried rubbing the cord 
over all sorts of things to get something 
that would give uniform and instructive 
results. We finally settled on a glass 
tube of such character that it was fairly 
uniform. 

The tube was supported securely in a 
horizontal position. A suitable weight 
was attached to the lower end of the test 
specimen of cord. The cord was passed 

3 Chief, Chemical Section, Specifications Branch, Con- 
sorvation Division, War Production Board, Washington, 

4 Materials Engineer, White Plains, N. Y. 
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over the tube and out horizontally 
behind it, the weight hanging on the 
cord and vertically below the tube. 
The upper end of the cord was attached 
to a suitable mechanical device by 
which it could be reciprocated hori- 
zontally over about 5-in. stroke. Loco- 
motive water level gage tubes, which 
are of tough, uniform glass were satis- 
factory. 

The method was rather crude but the 
principle involved might serve in the 
present case. 

Mr. LADISLAV Boor’ (author’s closure, 
by letter)—It is recognized that the 
method described measures only one 
aspect of the resistance of plastics to 
surface scratching. In cases where the 
criteria of acceptability concern very 
small departures from a specularly re- 
flecting surface, the method may have a 
field of usefulness. When the amount 
of “wear” beyond this point ' desired, 
other procedures may prove tu be more 
indicative. 


5 Physicist, American Cyanamid Co., Stamford Re- 
search boratories, Stamford, Conn. 
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By T. S. Carswett,'! D. R. U. HASLANGER! 


: THE INFLUENCE OF TEMPERATURE ON THE MECHANICAL 
PROPERTIES OF MOLDED PHENOLIC MATERIALS 


wa 
per 


SYNOPSIS 


Data showing the variation of the impact, flexural, and tensile strengths 
with temperature are given for molded phenolic compositions containing 


wood flour, asbestos, macerated fabric, and cord fillers and for a pure resin 


composition. 


A knowledge of the effect of tempera- 
ture on the mechanical properties of 
molded compositions is becoming in- 
creasingly important with the growing 
demand for plastics in structural uses. 
Many molded parts for military purposes 
(1, 2, 20)* are going into applications 
which require that they be serviceable 
over the temperature range from —51 
C. to 70C. (—60 F. to 160 F.) Asa 
result, specifications are being written 
by the Army and Navy to cover the 
mechanical properties of plastics at these 
temperatures. Requests have recently 
been received from various divisions of 
both Services for data on this subject. 
Numerous aircraft manufacturers using 
plastics in structural applications, as 
well as the National Advisory Commit- 
tee for Aeronautics, have expressed a 
vital need for figures showing the change 
of mechanical strengths with tempera- 
ture. 


1 Research Director, Research Physicist and Research 
Chemist, respectively Plastics Division, Monsanto Chemi- 
cal Co., Springfield, ‘Mass. 

2 The boldface numbers i in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 953. 


Impact values between —80 C. and 250 C. (—112 F. and 
480 F.), flexural values between —80 C. and 180 C. (—112 F. and 355 F.) 
and tensile values between —80 C. and 230 C..(—112 F. and 445 F.) are 
presented. The practical importance of these data are discussed. 


Relatively little significant informa- 
tion on the mechanical properties of plas- 
tic materials intended for structural 
uses has been available in the literature 
until recently. A publication in 1939 
by Jacobi and Thum (3) describes in 
great detail the physical properties of 
phenolic compositions at room tempera- 
ture. Additional information is given 
in articles by de Bruyne (4), Genung 
(5), Melville (6), Haut (7), and others (8, 
9, 10). In general, these workers have 
failed to emphasize the importance of 
changes in temperature on the physical 
properties under consideration. 

Within the last year Delmonte (11) has 
reported on the shear strength of molded 
phenolic materials over a limited tem- 
perature range. The variation of flexu- 
ral strength and the deflection at failure 
for a number of compression molded 
plastics at temperatures from —70 C. 
to 200C. (—94F. to 390F.) is de- 
scribed by Nitsche and Salewski (12), 
while a determination of static tensile, 
compressive, stiffness, and bending prop- 
erties, and fatigue strengths of three 
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laminated phenolic materials at —39 C., 
—18C.,and 25 C. (—38F.,0F.and 77 F.) 
are included in Air Corps Technical 
Report No. 4648 (13). Kistler (21) and 
Kozlov (22) have also reported on the 
effect of temperature on the mechanical 
properties of plastics. 

Almost no previous work has been re- 
ported on the effect of temperature on 
the impact strength or of elevated tem- 
perature or the tensile strength of molded 
phenolic compositions. Research work 
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other than room temperature, 25 C. 
(77 F.), has been touched upon briefly 
by Place (14) who studied phenolic 
laminated materials over a limited tem- 
perature range. The Society’s Com- 
mittee D-20 on Plastics kas set up a 
tentative method for determining the 
permanent effect of heat on plastics. 
Further work along these lines is ex- 
tremely important for the evaluation of 
plastic materials for structural applica- 
tions. 


TABLE I.—MOLDING CONDITIONS. 


Cent. 
dour filled phenolic molding com- -T.M. by 14 by 14-in. specimen 170 4000 10 
gravity 1.35 to 1.37 (molded) shy Thy slab for A.S.T.M. ten- 170 3080 10 
A.S.T.M. by “4 \-in. specimen 170 4000 
Pure phenolic resin compound 
Specific gravity = 0.96 to 0.98 (molded) 170 6200 
A.S.T.M. 5 by % by }4-in. specimen 170 4000 10 
Asbestos filled phenolic molding 
Specific gravity = 1.94 to 1.96 (mo Tied) mY 5 Oh Ak, b for A.S.T.M. 170 000 10 ity 
A.S.T.M. 5 by % by \%-in. specimen 170 4000 10 HS. ae 
Cord filled phenolic molding compound F 
Specific gravity = 1.35 to 1.37 (molded) 5 by. Wes for A.S.T.M.| 170 7000 ici 
A.S.T.M. 5 by by -in. 170 4000 
Fabric filled phenolic molding compoun aad 
Specific gravity = 1.35 to 1.37 (molded) $ fee ASTM. wae 


@ Standard Methods of Test for = lope Resistance of Electrical Insulating Materials (D 256-38), 1939 Book of 


ASTM. Standards, Part III, p 


Tentative Methods of Tension Testing of Plastics (D 638 - 41 T), 1941 Supplement to Book A.S.T.M. Standards, 


Part III, p. 457. 


© Because of the difficulty in molding this type of material the mold was chilled before removing the specimen. 


was undertaken to study the change of 
impact, tensile, and flexural strengths 
over the temperature range from — 80 C. 
to 250 C. (—112 F. to 480 F.). Molded 
compositions employing wood flour, as- 
bestos, macerated fabric, and cord fillers 
as well as a pure resin composition were 
evaluated. Creep properties, shear, and 
compressive strengths for these materials 
are also being studied over the same 
temperature range and will be reported 
at a later date. 

The data reported here are short-time 
temperature effects. The effect of ex- 
tended conditioning at temperatures 


Because the physical properties of the 
molded material depend to a marked 
degree upon the technique used in the 
preparation of the materials and test 
specimens (15), a knowledge of this 
technique is essential if the results are 
to be properly evaluated. 

The filled materials studied contained 
50 per cent phenol-aldehyde resin and 
50 per cent filler with the exception of 
the asbestos-filled material which con- 
tained 40 per cent resin and 60 per cent 
filler. This change was necessary to give 
a moldable composition. 

The wood flour-filled and asbestos- 
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filled molding compositions were pre- 
pared by rolling the resin and filler on a 
set of differential rolls in the usual man- 
ner for the preparation of general-pur- 
pose phenolic molding compounds. 
Three typical phenol-aldehyde resins 
were evaluated in connection with the 
wood-flour filler: 

1. A typical one-stage, basic catalyzed 


resin. 
2. A typical two-stage, acid catalyzed 


ae 


3. A semi-two-stage, dual catalyzed 


resin. 

resin. 

No appreciable difference in properties 
were exhibited over the temperature 
range, and so the two-stage resin was 
used in connection with the other fillers 
and for the preparation of the pure resin 
molding compound. 

The high impact materials, macerated 
fabric, cord, and sisal fiber fillers were 
blended with the resin in a wet-mix 
process. Mixing was held to the mini- 
mum necessary to assure a properly 
blended material in order to prevent dis- 
integration of the filler and assure the 
maximum strengths. The wet resin- 
filler mix was dried, and the resin poly- 
merized further to give a moldable 
composition. 

Table I give the molding conditions 
for the various materials. The variation 
in the pressures on the 5 by 7 by 34-in. 
slabs was necessitated by the variations 
in the plasticity of the several molding 
compositions. All specimens were com- 
pression molded. 

The tension specimens for all the filled 
materials were machined from 5 by 7 by 
;s-in. slabs, following the requirements 
for type 1 test specimen in the A.S.T.M. 
Tentative Methods of Tension Testing 
of Plastics (D 638 — 41 T),? except for 
the 7-in. over-all length. The pure resin 
was molded in a compression mold of 


Standards, 


31941 Supplement to Book of A.S.T.M. : 


Part Ill, p. 457. 
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the type specified for producing type 1 
samples according to Methods D 638. 
This was necessary since the 5 by 7 by 
7s-in. slab could not be satisfactorily 
molded and machined of this material. 

Impact and flexural test specimens, 
3 by 3 by 5-in. bars, of the pure resin 
and asbestos and wood-flour filled ma- 
terial were molded in a 5-bar gang mold 
as specified in A.S.T.M. Tentative 
Specifications for Molds for Test Speci- 
mens of Molded Materials Used for 
Electrical Insulation (D 647 — 41 T).4 
The impact grade materials, cord, sisal 
fiber, and macerated fabric filled, were 
molded in a single bar mold specified in 
Specifications D 647 as is customary for 
this type of material. Dimensions were 
held to 0.512 + 0.006 in. on the variable 
dimensions for all specimens. 

All specimens were conditioned after 
molding, accordirg to A.S.T.M. Ten- 
tative Methods of Preconditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D 618 — 41 T)® for 48 hr. at 
50+ 3C. (122 + 54F.), and placed 
in a desiccator after removal from the 
oven. Prior to testing, the specimens 
were conditioned at the desired tem- 
perature for from 4 to5 hr. Tests were 
run immediately upon removal of the 
test specimen from the conditioning 
chamber. 

Impact data were obtained on a 
Tinius-Olsen impact machine with a 
capacity of 100 in-lb. (83 ft-lb.), and on a 
Baldwin-Southwark impact tester (de- 
veloped by the Bell Telephone Labora- 
tories) having a capacity of 4.0 ft-lb. 
Tests were run according to A.S.T.M. 
Standard Methods of Test for Impact 
Resistance of Electrical Insulating Ma- 
terials (D 256 — 38),® using the notched 
Izod method in which the stress was 


€ 1939 p30, of A.S.T.M. Standards, Part III, p. 252. 
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ON INFLUENCE OF TEMPERATURE ON PHENOLIC MATERIALS ig 947 
TABLE IIl.—TENSILE STRENGTH (PSI.) Versus TEMPERATURE? 
Material -wc. | -2c. | ac soc. | 120C. | 150C. | 230C. 
Cord filled phenolic............... 6210 + 610| 6340 + 330 | 6020 + 400| 4830 + 510, 4300 + 500| 4220 + 400| 3280 + 300 
(n= 5) | (mw = 5) (mn = 5) (mn = 5) (mn = 5) (m = 4) (mn = 5) 
Fabric filled phenolic.............. + 340) 6370 + 230 | 6120 + 260) 5080 + 180) 4430 + 220) 3950 + 400)........... 
(n= 8) | (m = 8) = 7) n= 10 (mn = 9) 
Wood-fiour filled phenolic......... 6280 + 230) 6490 + 300 | 6100 + 270 4770 + 180| 4430 -+ 170] 3750 4 270... 
= 30) | (m = 28) | (mw = 33) | (m = 34) | (me = 36) | (ms = 38) |........... 
Unfilled phenolic resin compound. .| 5150 + 600) 5790 + 1040) 6200 + 400) 5200 + 
| (#=4) | (wm =5) (m = 4) 
Asbestos filled phenolic............ 6670 + 430) 5210 + —— | 5570 + 730) 5500+ —|........... 5150 + —| 5170+— _ 
= 4) 3) (n= 4) | = 2) (w= 1) | = 2) 


® The number of spec’ 
The average for the —- 


n, broken at each temperature is given below each strength figure. é, 
number of specimens falls within their given limits 9 times in 10. 
of 
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TABLE III.—FLEXURAL STRENGTH (PSI.) Versus TEMPERATURE? 
Material —80C. —25 C. 25 C. 80 C. 120 C. 150 C. 180 C 
Cord filled phenolic......... 15 700 + 880/15 900 + 1800)12 900 + 460/11 800 + 670) 9 720 + 930) 9 200 + 700) 8560 + 730 
. (m = 10) (nm = 7) (m = 10) (n = 8) (nm = 8) (n = 7) (mn = 7) 
Fabric filled phenolic. .......|14 800 + 730|12 400 + 540 |12 000 + 570) 9 450} 8 010 + 400) 7 330+ 700)........... 
= 10) (n = 8) (n = 10 (mn = 10) (nm = 10) 
Wood-fiour filled phenolic. . .;13 100 + 650)11 700 + 550 | 9 770 + 460) 7 880 + 550) 6 200 + 530) 5 380+ 620)........... 
(mn = 40) (m = 40) (m = 40) | (w = 40) | (m= 40) | (m = 40) |........... 
Unfilled phenolic resin com- 
12 300 + 12 400 + 950 |13 300 + 960/12 300 + 10 500 + 980/10 000 + 820)........... 
(m = 10) (m = 10) (mn = 10) (n =9 n = 8) 
Asbestos filled phenolic...... 13 700 + 600)11 900 + 640 |10 200 + 670) 9 320 + 770) 8 580 + 330| 7 260 + 780)........... 
(m = 10) (nm = 10) (mw = 10) (m = 10) (m = 10) (ws = 10) |........... 
@ The number of specimens, #, broken at each temperature is given below each strength figure. _ sr sae 
The average for the stated number of specimens falls within their given limits 9 times in 10. s ee 
a. wast 
w 14000 | 
10000 
iz serine 
¢ 6000 x 
= 2 000 Bans 
Temperature, deg. Cent. oe 
: Fic. 3.—Change of the Maximum Fiber Stress—Flexure—with Temperature for ae 
Impact Grade Phenolic Molding Compositions. 
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of the Maximum Fiber Stress—Flexure—with Temperature for 
Impact Grade Phenolic Molding Compositions. 
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applied perpendicular to the direction 
of the molding pressure. 

Tensile and flexural data were ob- 
tained on a Tinius Olsen Universal 
Tester, a screw-type machine with con- 
stant rate of crosshead motion, and 
10,000-lb. range. The machine was 
equipped with an insulated housing 
which enclosed the tension grips or 
flexural supports and the specimen. 
Temperatures from 60 C. to 225 C. (140 
F. to 437 F.) were obtained by circu- 
lating dry air over heaters enclosed in 
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TENSILE PROPERTIES 


Data showing the change of tensile 
strength with temperature are given in 
Table II and are graphically presented 
in Figs. 1 and 2. The tensile strengths 
for the filled materials decrease with an 
increase in temperature over the entire 
temperature range. Within the limits 
of experimental error, the three mate- 
rials containing organic fillers (wood 
flour, cord, and fabric) have identical 
strengths at the various temperatures. 
The asbestos-filled material stands up 


TABLE IV.—IMPACT STRENGTH (FT-LB. PER IN. OF NOTCH) Versus TEMPERATURE.* 
Material —80 C. —25 C. 25 C. 80 C. 120 C. 
Cord filled phenolic............... 4.85 + 0.35 5.50 + 0.43 | 7.21 + 0.42 | 8.57 + 0.64 10.05 + 0.56 
n = 18) (nm = 18) = 20 (m = 18) 
Fabric filled phenolic............. 1.61 2+ 0.12 | 2.01 40.22 | 2.37 +0.28 | 2.95 + 0.23 
(nm = 10) (nm = 10) (nm = 10) (mn = 10) 
Wood-flour filled phenolic......... 0.29 + 0.006 | 0.32 + 0.010 | 0.31 + 0.016 | 0.31 + 0.006 
: ; = 80) nm = 80 n = 80) (m = 80) 80) 
Unfilled phenolic resin compound.| 0.269 + 0.005 | 0.260 + 0.02 | 0.248 + 0.01 | 0.233 + 0.01 | 0.224 + 0.01 
: (m = 12) (m = 12) (m = 12) (mw = 20) (nm = 17 
Asbestos filled phenolic........... 0.300 + 0.006 | 0.278 + 0.006 | 0.284 + 0.01 0.283 + 0.008 | 0.282 + 0.01 
(mn = 18) (m = 18) (m = 16) (n = 16) (mn = 16) 
Material 150 C 170 C. 200 C. 220 C. 
Cord filled phenolic............... 11.1 + 0.46 | 9.94 + 0.61 | 10.6 + 0.51 2.47 + 2.1 
(nm = 18) (mn = 18 (m = 18) (nm = 18) 
Fabric filled phenolic.............. 3.08 + 0.24 | 2.68 +0.40 | 0.99 + 0.21 oy 
Wood-flour filled phenolic........ 0.33 + 0.006) 0.31 + 0.02 
(mn = 80) = 80 
Unfilled phenolic resin compound.| 0.225 + 0.01 | 0.230 + 0.01 5 ly AR. OPES 
Asbestos filled phenolic...........| .......6....05 0.293 + 0.01 | 0.288 + 0.02 |................ 


® The number of specimens, m, broken at each tem: 
The average for the stated 


the cabinet. For temperatures from 
25C. to —80C. (77 F. to —112 F.) 
dry air, precooled by contact with solid 
carbon dioxide, was circulated in the 
cabinet. Tension tests were run ac- 
cording to A.S.T.M. Methods D 638 
using the type 1 specimen with a thick- 
ness of 0.1875 + 0.008 in. Flexure tests 
were run according to A.S.T.M. Stand- 
ard Methods of Testing Molded Mate- 
rials Used for Electrical Insulation 
(D 48 — 39).? 


71939 Book of A.S.T.M. Standards, Part III, p. 244. 


rature is given below each strength figure. 
number of specimens falls within their given limits 9 times in 10. 


somewhat better at the higher tempera- 
tures and between 160 C. to 200 C. (320 
F. to 390 F.) is roughly 25 per cent — 
higher in tensile strength than the other _ 
compositions. The pure resin curve is 
uvique in that it shows a maximum 
v..'e at 25. (77 F.) which is about 
1+ per cent above the strength of the 
wood flour filled at the same tempera- 
ture. Above 25 C. the strength of the 
pure resin falls off until at 80 C. (175 F.) © 
it is the same as the organic filled com- _ 
positions. At temperatures below 25 C. 
the strength drops and at —80 C. (—112 
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F.) is about 20 per cent of that of the 
other materials. 


FLEXURAL PROPERTIES 


Figures 3 and 4 and Table III present 
data on the change of flexural strength 


0.40 


in strength with increasing temperature, 
but again withstands the higher tem- 
peratures better than the organic filled 
compositions. The data for flexural 
strength of the unfilled resin are surpris- 
ing in two respects: 
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Fic. 5.—Change of the Notched Izod Impact Strength with Temperature for 
Low Impact Phenolic Molding Compositions. 
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with temperature. The curves for 
wood-flour, fabric, and cord-filled molded 
compositions are parallel and show prac- 
tically a linear decrease in flexural 
strength with increasing temperature. 
The asbestos filled also shows a decrease 


Temperature , deg. Cent. 


“Fic, 6. Change of the Notched Izod Impact Strength with Temperature for 
Impact Grade Phenolic Molding Compositions. 
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1. They are higher than expected, 
about 25 per cent above that of the wood 
flour filled. 

2. They fall off slightly below 25 C. in- 
stead of continuing to increase as do the 
filled materials. 
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The effect of temperature on the 
notched Izod impact strength is given in 
Table IV and Figs. 5 and 6. For the 
high impact materials, cord, sisal fiber 
and macerated fabric filled, the strength 
increases with increasing temperature to 
a critical point and then falls off sharply. 
The critical point occurs at from 160 to 
170 C. (320 to 340 F.) and is accom- 
panied by charring of the organic filler. 
The wood-flour filled material exhibits 
relatively little change of impact 
strength with temperature up to a criti- 
cal point at about 160 C. (320 F.), after 
which the strength falls off sharply. 
The strength of the pure resin and as- 
bestos filled compositions remains prac- 
tically constant over the temperature 
range investigated. 


RELIABILITY OF DATA 


The impact values recorded in the 
attached tables represent the average of 
from 10 to 20 individual observations. 
In the case of flexural and tensile 
strength values, from 5 to 11 observa- 
tions were made for each value reported. 

However, in running the tension tests 
on the asbestos filled and pure resin 
compositions, many of the specimens 
broke in the grips before the ultimate 
strength was reached. Consequently, 
only a few test results were available for 


many of the conditions reported. These, 


data are, therefore, only preliminary, 
and are presented here to show the 
trend of results obtained to date. 

The limits within which the observed 


value may be expected to lie 9 times in 
10, limits of uncertainty, were calcu- 
lated according to the A.S.T.M. Man- 
ual on Presentation of Data® for the 
data presented. These limits are in- 
cluded in Tables II, III, and IV and are 


§ Issued as separate publication. ay 
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approximately 6 per cent for flexure, 4 
per cent for impact, and 5 per cent for 
tension tests. The percentage varia- 
tion in strengths from batch to batch of 
the same material is of the same order 
of magnitude. 

The data presented for the wood-flour 
filled phenolic is the average of results on 
four typical molding compositions, dif- 
fering only in the basic resin formula- 
tion. Results on the individual ma- 
terials exhibited no appreciable differ- 
ences in properties over the range in- 
vestigated. 

It should be noted that the notched 
Izod impact test may be misleading in 
certain cases where the impact strength 
of the materials under test is low, and 
where the specific gravities of different 
molded materials are substantially dif- 
ferent. In low impact materials the 
energy required to throw the broken 
end of the test specimen becomes a 
significant portion of the energy ex- 
pended, and is dependent on the specific 
gravity of the molded specimen. For 
example, the asbestos-filled phenolic 
(specific gravity, 1.95) gives a standard 
impact value which compares favorably 
with wood-flour filled molded compo- 
sitions (specific gravity, 1.36) and pure 
resin compositions (specific gravity, 
0.96). However, the behavior of these 
materials in machining and general 
handling indicates that asbestos-filled 
materials have less shock resistance than 
either of the other two. 


PRACTICAL IMPORTANCE 

Over the temperature range of normal 
use, — 50 C. to 70 C. (—60 F. to 160 F.), 
the mechanical strengths of phenolic 
molding compositions deviate from the 
value at 25 C. (77 F.) by about + 15 
per cent. The tensile and flexural 
strengths show a decrease with increas- 
ing temperature. This is offset in the 
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impact strength with increasing tem- 
peratures. 

Tensile properties are practically in- 
dependent of the filler used. The use 
of cord or macerated fabric, high impact 
fillers, improves the flexural strengths 
slightly over the temperature range. 
Impact strengths may be greatly in- 
creased over the entire temperature 
range by use of fibrous fillers such as 
macerated fabric, sisal fiber, cord, etc. 
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(105 F.) for polyvinyl-butyral containing 
9 per cent plasticizer to 90 C. (195 F.) for 
cellulose acetate containing 27 per cent 
plasticizer. The high impact phenolic 
materials are serviceable at tempera- 
tures as high as 160 to 170 C. (320 to 
340 F.). At temperatures below 25 C. 
(77 F.) the impact strengths of cellulose 
acetate, cellulose nitrate, and poly- 
vinyl-butyral fall off sharply, giving 
values less than 50 per cent that of the 


17). cord filled phenolic. 
6.0 
80-40 0 40 80 120 160 20 20 


The outstanding value of thermo- 
setting materials as compared to thermo- 
plastics lies in the relatively slight effect 
of temperature on mechanical proper- 
- ties of the phenol- aldehydes. This is 


ane in impact strength with tem- 
Se _ perature for various plastic materials 

(18, 19). Comparing the wood-flour 
filled phenolic composition with injec- 
tion-molded polystyrene it may be seen 
that the critical point is roughly 100 C. 
(212 F.) higher for the phenolic. The 
maximum temperature of serviceability 


for from 40 C. 


re, deg. Cent 


It must be emphasized that the data 
presented are strictly and necessarily of 


- an empirical nature. For comparative 


results, a number of mechanical proper- 
ties have been determined by A.S.T.M. 
methods on standard approved speci- 
mens. The results obtained give data 
for similar materials tested under identi- 
cal conditions. It is often difficult to 
use the actual numerical values in 
evaluating a specific material for a par- 
ticular application, but these values do 
serve as a basis for selecting the most 
suitable material. Since the form fac- 
tor, mold design, molding conditions, 
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Mr. W. N. Fiyptey.'—The authors 
have done a thorough job of studying the 
effect of different temperatures on the 
results of certain mechanical tests of 
phenolic materials. There remains, how- 
ever, a considerable amount of work to 
be done before complete knowledge of 
the effect of temperature on the mechani- 
cal properties of these materials is 
available. The effect of temperature on 
the fatigue strength of these materials is 
not as yet completely known; and noth- 
ing is known about the effect of temper- 
ature on creep characteristics. 

Then there is another very important 
but largely unexplored field—the effect 
of changes in moisture content (as a 
result of humidity changes) on the results 
of all the mechanical tests. While the 
moisture absorption of phenolic materials 
is relatively small, it may be that even 
small amounts of moisture may produce 
a large change in creep characteristics or 
fatigue strength. 

Mr. R. H. Spry.*—Will the author 
explain the mechanics of obtaining the 
low temperatures as well as the high 
temperatures for the various mechanical 
tests which were made? There has been 
an increased demand for wider temper- 
ature ranges in material testing and a 
specific description of the authors’ pro- 
cedure would be appreciated. 

Mr. H. F. Moore.*—Were the impact 
specimens notched? 


Associate in Theoretical and Mechanics. 
College of Engineering, University of Illinois, Urbana, iil. 
? Chief Engineer, Mica Insulator Co., Schenectady, 


Illinois, Urbana, I 


DISCUSSION 


Mr. H. K. Nason.*—I should like to 
point out first that in presenting the 
paper I was doing so on behalf of the 
authors and all credit for the quality of 
it goes to them. 

To answer Mr. Moore’s question, the 
test specimens were all notched. 

In reply to Mr. Spry’s question, the 
samples were conditioned according to 
A.S.T.M. Tentative Methods of Condi- 
tioning Plastics and Electrical Insulating 
Materials for Testing (D 618-41 T),® 
that is, 48 hr. at 50 C., followed by 
storage in a desiccator.until used. These 
were then—in the case of the impact 
specimens—chilled at the low temper- 
ature desired or placed in an oven at 
the high temperature desired, removed 
therefrom and broken as fast as they 
could be clamped in the impact machine. 
This required about 4 or 5 sec. In 
the case of tension and flexural tests, a 
specially constructed housing was placed 
on the universal test machine completely 
surrounding the tension grips, or flexural 
support. This housing was maintained 
at the desired temperature by passing 
dry air either over heating coils or over 
carbon dioxide ice, temperature control 
being effected by suitable adjustment of 
the heating or cooling medium and the 
rate of air flow. The samples were pre- 
conditioned at the desired temperature 
for several hours before actually 
breaking. 

To reply to Mr. Findley’s question: 
the authors have pointed out that these 

4 Assistant Director of Research, —— Division, 
Monsanto Chemical Co., Springfield, M 


51941 Supplement to k of 'ASTM. Standards, 
Part III, p. 320. 
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samples were dried, and the air used, 
either hot or cold, was dry; hence the 
effect of moisture was minimized. It is 
realized that moisture is extremely im- 
portant—perhaps not so much in the 
case of these phenolic materials as in the 
case of thermoplastics, such as cellulose 
acetate, and similar materials which are 
moisture susceptible. Additional work 
on the effect of moisture is in progress. 
This, of course, complicates work of this 
kind by multiplying the number of tests 
by the number of different moisture 
equilibrium states which must be tested. 

Messrs. T. S. CARSWELL,® D. TeEt- 
FAIR,® and R. U. HAsSLANGER® (authors’ 
closure, by letter) —The authors wish to 


* Research Director, Research Physicist and Research 
Chemist, respective] Division, Monsanto Chemi- 
cal Co. , Springfield, 


$ 


‘ 


thank Mr. Nason for presenting the 
paper, and for contributing to the 
discussion. 

We agree with Mr. Findley’s statement 
to the effect that much work remains 
to be done in the field of temperature 
and humidity testing of plastics. The 
authors’ investigation of the effect of 
prolonged heating on the strength of 
phenolic materials (results to be pub- 
lished soon) represents another contri- 
bution to our limited knowledge of the 
properties of phenolic materials. Also, 
work is now in progress on the problem 
of creep, and of its dependence on 
temperature and humidity. Such work 
is, of necessity, tedious and slow, and it 
is hoped that other laboratories will be 
able to supplement such data as we may 
obtain. 
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~ = Na = METHOD FOR INSPECTION AND CONTROL OF LIQUID 
STARCH-BASE ADHESIVES FOR BOTTLE LABELING AND 
A. Herman! anp M. Knowrtont 


hesives for various applications. 


Liquid starch adhesives have found 
widespread use in the packaging indus- 
try for bottle labeling and case sealing 
and in the fabrication of paper con- 
tainers. In contrast to the wide accept- 
ance of these products by industry, very 
little work has been done to develop 
methods to determine their appropriate- 
ness for certain applications and to con- 
trol their uniformity. Many industries 
still must resort to the “trial-and-error” 
method of testing if the suitability of a 
new type or brand of adhesive is to be 
investigated. While this method is suf- 
ficient in testing the actual application 
performance, it is not satisfactory in that 
nothing can be predicted regarding 
actual adhesive power until several 
months or perhaps a year has elapsed. 
Also, quite often when the trial-and- 
error method is employed to carry out 
adhesive experiments, there is a tend- 


1 Assistant to Vice-President, and Chemical Engineer, 
. Seagram and Sons, Inc., Louisville, 


Joseph E 


A procedure has been developed by which the starch-base adhesives for 
bottle labeling and case sealing can be controlled. The viscosity of the sample 
to be tested was measured by a falling-ball type viscometer. 
were spread with a Bird applicator and examined for hygroscopicity, color, 
plasticity, and adhesive strength. Moisture, alkalinity or acidity, and ash 
were determined as chemical properties. 

The film examination described was found to be helpful in selecting ad- 
The film characteristics along with the 
viscosity and chemical tests were used to examine new shipments for uni- 
formity and to control their application. 


Adhesive films 


ency to place more emphasis upon 
application rather than upon ultimate 
adhesive power. 

In order to minimize the risks taken 
in trying out adhesives of unknown qual- 
ity and composition on high-speed 
production lines, the following plan of 
testing was adopted: The quality of 
the product was first established by 
thorough laboratory tests to make cer- 
tain that there was little danger of ad- 
hesive failure after finished packages 
had been distributed to wholesale and 
retail dealers. If this requirement was 
met, extensive plant tests involving 
quantities not less than one standard 
50 to 60-gal. drum were carried out to 
be sure that it was adapted to all various 
methods of application. At this point 
several finished packages were taken as 
samples and stored at room temperature 
for observation over a period of sever- 
al months. Whenever possible, even 
more extensive plant tests covering 
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several months were run in order to dis- 
close any undesirable effects which might 
result if decomposition should occur 
during storage. No adhesive was ever 
approved for general use until at least a 
drum of it had been run and proven 
satisfactory by a plant test. 

An adhesive which passes a laboratory 
analysis will not give the best perfor- 
mance if its handling is neglected. Ac- 
cordingly, after observing existing plant 
conditions for a period of time, adhesive 
mixing and handling was placed on a 
scientific basis. The need for control 
of mixing was made apparent when the 
conditions existing at the bottling plants 
were explored. The consistency was 
only guessed by crude methods such as 
observing its flow off a wooden paddle, 
by the finger test, etc. Due to these 
crude methods of control, the viscosity 
of the adhesives used varied and the 
product did not always give the best 
performance. The development of new 
products probably was also impaired 
because there was no reliable basis for 
any comparison. 

The method of laboratory examination 
adopted was developed primarily for 
checking liquid starch products used for 
labeling liquor bottles and for sealing 
the finished cases for shipment. Though 
these two starch products represent 
only a small part of the field of adhesives 
now being used, many of the tests em- 
ployed for them can be easily extended 
to cover other types of products. (In 
fact the resin and casein-base adhesives 
used to affix the strip stamps on our 
bottles are being checked by the ana- 
lytical procedure described here.) __ 

PROCEDURE 


A regular pieced tinware milk stirrer 
with its handle lengthened to 36 in. 
was used to sample the liquid products 
which were received in 50 to 60-gal. 


Sampling: 


steel drums. Because vegetable ad- 
hesives are subject to decomposition it 
is essential that a sampler, such as a 
milk stirrer, be used since it can be 
easily cleaned and sterilized. The con- 


first stirred to uniform consistency by 
using the sampler as a stirring device. 
The sample was then taken at random 
over the surface of the liquid, and was 
poured directly from the sampler bowl 
into a 1-qt. glass container which was 
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closed immediately. When extremely 
viscous materials were sampled, only 
a small volume of the liquid along the 
vertical axis of the drum was agitated 
before the sample was taken. 


Odor: 


The odor was checked by observation 
while the sample was being taken. 
Viscosity: 

The viscosity was run on a falling ball 
type viscometer (Fig. 1), an adaptation 
of the commercial Hoeppler instrument, 
and similar to the A.S.T.M. instru- 
ment used for checking the consistency 
of nitrocellulose solutions. The tube 
was of Pyrex glass, 18 in. long, and 1.22 
in. in inside diameter. Two rings were 
etched on the outside of it exactly 12 in. 
apart and equidistant from each end. 
The tube was supported at an angle of 
10 deg. from vertical on a ring stand by 
a laboratory clamp. The clamp and 
holder were welded together to make 
sure that the inclination of the instru- 
ment was constant. The lower end of 
the tube was closed with a No. 7 rubber 
stopper. Glass spheres, 0.62 in. in 
diameter, weighing 5.39 + 0.05 g., and 
standard 2-in. (0.750 in. in diameter) 
steel ball bearings, chromium plated, 
weighing 28.175 + 0.005 g. were used, 
respectively, for the light and heavy 
materials. A wire loop with a handle 
bent perpendicular to the plane of the 
loop was used to release the spheres in 
the viscometer tube. 

Approximately 400 g. of sample were 
weighed into a tared 1-qt. glass vessel. 
In the case of very viscous products, 
some dilution was necessary. The dilu- 
tion chosen for any particular product 
was the least dilution which would 
yield reproducible results on the instru- 
ment. In all cases sufficient diluent was 
added so that the viscosity was not more 
than 80 sec. The correct amount of 
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water to add for any particular product 
was obtained by experimentation. 

The required amount of water by 
weight for dilution was calculated, and 
a thorough mix was obtained by adding 
it very slowly while mixing with a stir- 
ring rod about } in. in diameter. The 
sample preparation was brought to 25 C. 
by heating or cooling in a water bath 
with occasional mixing with a stirring 
rod to assure uniform temperature 
throughout the mixture. This prep- 
aration at 25 C. was poured slowly into 
the dry viscometer tube which had been 
immersed in a 25 C. water bath until 
ready for use. The tube was dried 
quickly by forcing paper towels through 
it and filled with liquid to about 1 in. 
from the top. A sphere, also cooled 
in the 25 C. water bath and dried, was 
introduced and gently lowered beneath 
the liquid surface with the wire loop. 
Care was taken to wet the sphere 
thoroughly so that no air bubbles would 
cling to it during its fall, otherwise in- 
accurate values will result. The sphere 
was then brought against the lower side 
of the tube, above the first mark, and 
released. The interval required for the 
center of the sphere to pass from the 
upper to the lower mark on the tube 
was timed by an accurate stop watch 
and was taken as a measure of the vis- 
cosity. In all cases an average value 
for the viscosity was obtained by drop- 
ping at least three spheres through the 

Mixing Properties: 

About 200 g. of sample were placed 
in a 400-ml. beaker and mixed with a 
600-rpm. model “V” Lightnin mixer 
equipped with a single three-blade 
propeller. The tendency for the ad- 
hesive to pull into the propeller—a 
measure of cohesiveness—was noted. 
Foaming tendencies were also observed 
at this point. A small amount of water 
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was added with continued mixing and 
the ease of incorporation of diluent and 
tendency to form lumps were noted. 
Film Examination: 

Adhesive films were spread on plate 
glass for examination with a Bird appli- 
cator machined to a depth of 0.003 in. 
In cases where it was desirable to spread 
films on ‘paper stock because the ad- 
hesive in question would not adhere to 
plate glass, 0.003-in. brass stencils of 
various shapes and sizes cut out of 
0.003-in. brass shim stock were used 
(Fig. 2). The desired size stencil was 
placed over the paper stock to be coated, 
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desired humidities. Both saturated am- 
monium chloride and saturated am- 
monium sulfate solutions were used to 
obtain a relative humidity set arbitrarily 
at approximately 80 per cent by our 
laboratory. Sulfuric acid solutions were 
used to maintain a 20 per cent relative 
humidity condition. The concentration 
of the sulfuric acid depended on the 
temperature at which the test was 
carried out. 


Hygroscopicity: 


Films of the undiluted sample were 
spread into 0.003-in. films on plate glass, 
dried for 24 hr. at room temperature, and 


Fic. 2.—Bird Applicator and Brass Stencil. 


a drop of adhesive was applied at one 
end of the cutaway section and spread 
with the side of a straight rimless test 
tube or a stirring rod of large diameter. 
When. either method was employed to 
lay films, care was taken to perform all 
spreading operations with a reasonably 
constant speed (usually 1 to 2 in. per 
second (3)?) to obtain films of reasonably 
uniform thickness. 

The humidity chambers used for 
conditioning films for inspection as de- 
scribed below were simply medium and 
large size desiccators containing satu- 
rated salt solutions (4) to maintain the 


2 The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 961. 


then conditioned at 80 per cent relative 
humidity for 24 hr. After this treat- 
ment they were tested with the fingertip 
for excessive softening which indicates 
hygroscopicity. 

In case this test showed an adhesive 
to be moderately hygroscopic and of 
doubtful quality an additional “perfor- 
mance test” was run. For instance, if 
the adhesive in question was a label 
gum, a 0.003-in. film of the gum was 
laid on a section of label which was then 
affixed to plate glass. If the section 
of label could not be removed without 
tearing after drying at room temperature 
for 24 hr. and being conditioned at 80 
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per cent relative humidity for 24 hr., 
its quality was considered satisfactory. 


Color: 


Films of the undiluted adhesive were 
spread on plate glass, both dried at room 
temperature and conditioned at 20 and 
80 per cent relative humidities for 24- 
hr. periods. The color, translucency 
or opacity were observ ed at these 


2 


Brittleness: 


A small well-mixed amount of the 
original sample was spread into 0.003-in. 
films on plate glass and dried at room 
temperature for 24 hr. One air-dried 
sample was conditioned at 20 per cent 
and the other at 80 per cent relative 
humidity for 24 hr. The brittleness 
was tested by scraping these films with 
the rounded point of a spatula. The 
shorter the ribbon produced when the 
film was scraped, the greater the brittle- 
ness and conversely. 


Adhesive Strength: 


Films 0.003-in. thick, of undiluted 
adhesive were spread on two sections 
of plate glass, dried at room temperature 
for 24 hr., and then one preparation con- 
ditioned at 20 per cent and the other at 
80 per cent relative humidity for 24 hr. 
The relative resistance of the conditioned 
films to removal from the glass was taken 
as an indication of their final adhesive 
strength. 

In the case of carton sealing adhesive 
which would not adhere to glass, simi- 
larly shaped sections of standard cartons 
were sealed together with 0.003-in. films 
of the undiluted adhesive laid with a 
stencil and allowed to dry at room tem- 
perature for 24 hr. Part of these prep- 
arations were conditioned at 20 per cent 
and the remainder at 80 per cent relative 
humidity for 24 hr. and were then torn 


apart to determine the adhesive strength. 
= 


The quality of the adhesive was in- §- aud 
dicated by the percentage of the total akg 
film area still remaining intact . after ies 
rupture of the joint. i hun 
cor! 

Moisture: ar diti 

The moisture content was determined ye 
by distillation with perchlorethylene 
using the distilling trap described by wc 

ic 
Langeland and Pratt (1). 

A 10-g. sample of undiluted adhesive of | 
was mixed thoroughly with 100 ml. of tacl 
warm distilled water (about 50 C.) tacl 
in a beaker and titrated immediately d 
with 0.2 N sulfuric acid using methyl min 
red indicator. The alkalinity was ex- for 
pressed in milliliters of sulfuric acid tem 
required to neutralize the 10-g. sample. ri 
Acidity: 

A 10-g. sample of undiluted adhesive mu: 
was mixed thoroughly in a beaker with to | 
100 ml. of water at about 50 C. and the 
titrated immediately with 0.2 N sodium — 
hydroxide using phenolphthalein in- 
dicator. The acidity was expressed in | 
milliliters of 0.2 N sodium hydroxide. (1) 
Ash: 

Approximately 1 g. of sample was 
weighed into a tared platinum crucible (2) 
which was heated gently until all volatile 
material was driven off. The remaining (3) 


nonvolatile material was ignited to con- 
stant weight over a Meker burner. 


eieetesiaan values for viscosity of 
starch products can be obtained only 
by following identical procedures of 
diluting and mixing for each successive 
determination. Erratic viscosity values, 
also discussed elsewhere (2, 5), are the 
result of varying degrees of thixotropic 
breakdown of the starchy materials. 
The tests were designed 
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primarily as a safeguard against crystal- 
lizing or hygroscopic materials. The 
humidities employed were intended to 
correspond to the extreme humidity con- 
ditions to which the adhesive was sub- 
jected in actual use. 

“Tack” is defined as the pull resistance 
to splitting of a film of definite area and 
thickness. Preliminary tests indicate 
that initial tack is proportional to the 
viscosity regardless of the composition 
of the material. If it is verified that 
tack is proportional to viscosity, no 
tack test will be needed. 

No method was developed for deter- 
mining the drying time. Any procedure 
for this test must provide for constant 
temperature and humidity conditions, 
and a controlled rate of air flow over 
the films being tested. A method for 
spreading films of reproducible thickness 
must be employed, and if the films are 
to be laid on materials such as paper, 
the paper too must be standardized 


ip 


(1) E. E. Langeland and R. W. Pratt, “Im- 
proved Trap for Moisture Determination by 
Distillation,” Industrial and Engineering 
Chemistry, Vol. 10, No. 7, p. 401 (1938). 

(2) R. Dulac and J. L. Rosenbaum, “Industrial 
Cold Adhesives,” p. 16, J. B. Lippincott 
Co., New York, N. Y. (1937). 

(3) H. A. Gardner, ‘Physical and Chemical 
Examination of Paints, Varnishes, Lacquers, 
and Colors,” Ninth Edition, -" 100, 6 
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and humidified. However, predictions 
regarding the comparative drying time 
of various samples were made by con- 
sidering the relative moisture content, 
viscosity, and deviation from chemical 
neutrality, particularly alkalinity. 


Satisfactory specifications have been - 


written for label and case sealing ad- 
hesives by adopting the above tests. 
As soon as any product has been proved 
to be satisfactory in regard to adhesive 
power by a laboratory test, and satis- 
factory in regard to application by a 
plant test, a mutual agreement was 
made with the supplier regarding the 
permissible variations of the various 
items such as viscosity, solids, alkalinity, 
etc., so that uniformity could be assured. 
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Mr. M. LADEN! (presented in written 
form).—This presents a good oppor- 
tunity to elaborate on the problems with 
which adhesive manufacturers are con- 
fronted and to outline the difficulties 


_ which have to be overcome to fill the 


undesirable properties. 


various requirements of their customers. 

In the distilling industry, two types 
of adhesives are generally used to adhere 
labels to bottles: 

(a) Liquid dextrin-base adhesives 

(6) Liquid starch-base adhesives 

Both types have their definite place 
in labeling operations due to their dif- 
ferent physical and chemical characteris- 
tics. Both have merits, but also some 
Until there will 
be a way found to make label glues 
having only the good features of both 
types, users will have to compromise. 

The ideal bottle-labeling glue should 
have the following characteristics: 


1. Light color 
2. High solid content 


3. Strong initial tack 
4. Good machining properties: free 
flowing, good spreading, non- 
foaming, nonheavying up in the 
glue pot, noncottoning. 


6. Good coverage 
The dry glue film should be: 
7. Transparent sae 
8. Nonhygroscopic Pe 


9. Continuous 
10. Of high tensile strength Ale 
11. Permanently flexible 
12. Strongly adhering to glass and all 

kinds of label stock. 


1 Chemical Engineer, The Arabo] Manufacturing Co., 
Cicero, Il. 
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With respect to 2 and 5, 


higher the solid content of the glue, the 
less water has to evaporate to form the 
final film, and the faster it sets. As 
the water penetrates into the fibers on 
the glue side of the label, it causes them 
to swell and thus the label to curl. It 
is also evident that a glue having a 
higher solid content will shrink less by 
losing moisture than one with a lower 
solid content. The less a glue film 
shrinks when it dries out, the less it will 
crack, or, in case of a continuous film, 
the less it will cause permanent warping 
of the label to which it had been applied. 

Tackiness—As the initial tack is 
mainly dependent upon the viscosity of 
the glue and the viscosity again must be 
adjusted to the type of gluing machine 
and speed of operation, there are no 
other possibilities for the glue manufac- 
turer than to offer a glue which has the 
highest viscosity still usable in a certain 
machine operation. 

Working Qualities.—To apply the glue 
to one of the two surfaces to be glued 
together, machines are used where a 
horizontal metal roller rotates half sub- 
merged in the glue. The thickness of 
the glue film is regulated by a ductor 
blade. The glue must be fluid enough 
to flow freely to the roller and cover it 
evenly. There should not be foam 
formation which would cause overflow- 
ing of the glue pot or formation of pin- 
holes in the glue film. When the trans- 
fer roller passes over the glue roller, the 
glue film tears and pulls some glue behind 
it. The cohesiveness of the glue should 
not be so great as to form fine hairlike 


threads or strings. 
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The characteristics of the glue should 
be such that it is possible to spread the 
glue in an even film as thin as possible 
to give the best coverage. Besides it is 
an established fact that the strongest 
bond between two surfaces is obtained 
when the glue film is as thin as possible. 
A thick glue film acts asa filler between 
the two surfaces rather than as a binder. 

Liquor bottles are distributed all 
over the country the year round and are 
subjected, therefore, to most adverse 
climatic conditions. In winter low tem- 
peratures will reduce the flexibility of 
the glue film and cause it to get more 
brittle and crack. In summer high 
humidity will cause the glue film to 
absorb moisture. The dried glue film 
should therefore possess enough flexi- 
bility not to become brittle in winter or 
at low humidities and it should not be 
hygroscopic to the extent that it would 
remoisten at high humidities. The ten- 
sile strength of the glue film should be 
greater under all climatic conditions 
than the strength of the paper fibers. 
When pulling the label from the bottle, 
the paper should tear, but the glue film 
should not come loose either from the 
glass or the label nor should the glue 
film itself be split. 

Liquid Dextrin-Base Adhesives.—As 
explained in items 2 and 5, a high solid 
content is desirable. The average solid 
content of liquid dextrin-base bottle 
labeling glues is about 65 percent. This 
is about the maximum concentration at 
which a highly soluble dextrin will give 
a solution of a viscosity usable in gluing 
machines. 

The viscosity of straight dextrin 
solutions depends upon the solubility, 
the concentration, the temperature, and 
the type of dextrin used. Highly con- 
verted dextrines in which most of the 
starch granules are dextrinized are highly 


soluble and vice versa. 
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By present so as to preserve many of the original 
Wa 


methods it is difficult to convert all 
starch granules uniformly to dextrines 
without also forming dextrose. Dex- 
trose has not only less adhesive power 
than dextrin, but increases also the 
hygroscopicity of the adhesive. By 
keeping the dextrose content of the dex-_ 
trin as low as possible, the hygroscopicity 
of the dextrin adhesive can be kept 
within reasonable limits. A pure dex- 
trin film will dry out to such an extent 
that it becomes brittle and chips off the 
glass at low humidities. Therefore a 
compromise is unavoidable and a certain 
amount of hygroscopicity has to be per- 
mitted to prevent crystallization of the 
dextrin film. The higher the solubility 
of a dextrin, the darker is its color gener- 
ally. Here too we have to compromise. 

Pure dextrin films are less flexible 
and less strong than gelatinized starch 
films. To improve the flexibility and 
film strength, it is therefore necessary to 
use dextrines which contain a certain 
amount of unconverted starch. This 
in turn causes a rise in viscosity. There- 
fore it is our endeavor to strike the 
happy medium where the amount of 
unconverted starch in the dextrin is just 
high enough to add some flexibility and 
toughness to the glue film without in- 
creasing the viscosity too much. This 
type of liquid dextrin base adhesive 
dries comparatively fast because of the 
relatively low amount of water present. 
It has therefore its place where springy 
labels should be adhered to round or 
oval shaped bottles where high initial 
tack and a minimum of warpage or 
blistering of the labels is of paramount 
importance. 

Liquid Starch-Base Adhesives —To 
maintain the inherent properties of 
gelatinized starch films in liquid starch- 
base adhesives as much as possible, the 
starch is not dextrinized but is modified 
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064 
: starch properties. Such adhesives are 
_ characterized by their high viscosity, 


due to their thixotropic nature, and by 
the flexibility and toughness of the dry 
film. Because of the high viscosity of 
this type of glues, the solid content is 
limited to an average of 40 per cent. 
At this concentration the viscosity is 
still too high for proper machine opera- 
tion and the original glue has to be 


_ diluted with water to a solid content of 


about 33 per cent. At this dilution the 
glue is not tacky enough to pull springy 
labels out of the magazine and can be 
used only on light or medium-weight 
labels. Due to the high percentage of 
water present in these glues at the work- 
ing consistency, the glue film will dry 
much slower than one of a dextrin glue 
of the same viscosity. There will also 
be more warping of the labels. The 
dried glue film however is much superior 
in transparency, final adhesion, flexi- 
bility, and strength, to straight dextrin 
glues and the use of starch-base glues 
is well justified on lighter-weight labels. 

Keeping in mind what has been said 
about the characteristics of the two types 
of label glues and their desirable and 
undesirable properties, it can readily be 
seen which tests are necessary to control 
these characteristics. 

Tests for Dextrin-Base Label Glues.— 
The following tests are applied to 


(a) Viscosity 
(c) Dextrin and dextrose tava 
(d) Starch 
(f) Hygroscopicity 
(g) Film color 


(h) Film transparency 
(i) Film hardness and elasticity 

(7) Film strength (relative) 

(k) Mixing and diluting properties 

(1) Machining properties. 

It is suggested to fill the dry visco- 
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simeter tube with the glue, to close the 
upper opening with a rubber stopper 
and to submerge the tube in the water 
bath for as long as might be necessary 
to bring the glue inside the tube to a 
uniform temperature of 25 C., instead 
of bringing the tube and the glue 
separately to this temperature. 

In testing for dextrin or starch (c 
and d above), a weighed portion of the 
glue sample, approximately 2 g., is 
transferred to a 400-ml. beaker, 200 ml. 
of distilled water are added and the 
glue is dispersed by stirring. A close- 
texture filter paper, such as Whatman 
No. 42, is dried at 105 C. to constant 
weight. The glue dispersion is then 
filtered through the weighed filter, placed 
in a Buechner funnel. The residue is 
washed thoroughly with distilled water 
at room temperature. Then the filter 
with the residue is transferred to a tared 
weighing bottle and dried for 3 hr. at 
105 C. to constant weight. The weight 
of the residue is calculated to percentage 
of starch in the glue. 

The percentage of dextrin and dextrose 
is calculated by subtracting the sum of 
the percentages of water and starch in 
the glue from 100. 

Instead of using the fingertip to deter- 
mine whether the film became tacky by 
absorbing moisture (f above), a piece of 
surgical cotton could be contacted with 
the glue film and pulled off again. The 
amount of fibers adhering to the film 
would indicate the degree of tackiness 
up to a point where an excessively 
hygroscopic film would become too soft 
to pull fibers. 

The hardness (item 7) could be tested 
by drawing lines on the conditioned film 
with Dixon’s Eldorado pencils (17 de- 
grees from 6B to 9H) starting with 6B. 
The hardness of the conditioned film 
could be expressed by the number of the 
pencil, which as the first in the row, does 
not leave a graphite mark on the film. 
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e The degree of elasticity could be judged 
T by the continuity of a film on glass, 
r conditioned at 20 per cent relative hu- 
y — midity. Films of insufficient elasticity 
a would show cracks or would chip off in 
d flakes: 
e It is preferable to have the mixing and 

machining properties (items k and /) 
(C checked at the actual machining con- 
e sistency than at another dilution ratio. 
is With all other testing methods for 
1. dextrin glues described in the paper, I 
1e am in full accord and have no comments. 
e- Tests for Starch-Base Label Glues.— 
in The following tests are applied to starch- 
rt base glues: 
d (b) Solids 
is (c) Alkalinity 
er (e) Hygroscopicity 
ed (f) Film color 
at (g) Filmtransparency | 
ht (h) Film hardness and elasticity 
ge (i) Film strength (relative) 

(j) Mixing and diluting properties 

se (k) Machining properties. 
of Viscosity determinations of this type 
in of adhesives are very unreliable because 

of their thixotropic nature. It is sug- 
r- gested therefore to leave out the viscosity 
by test and check the uniformity of succes- 
of sive glue shipments by performing the 
ith other tests only. 
‘he The same suggestions are made as for 
Im items f, i, k, and / of Dextrin-Base Label 
ess Glues. 
ely Case-SealingGlues.— Case-sealing glues 
oft are highly alkaline, liquid dextrin- 

starch-base adhesives. 
red The requirements for a perfect glue 
lm of this type are: 

1. Good transfer of the glue from one 
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cosity of the diluted glue, not 
heavying up in the glue pot, not 
building up on the glue roller, 
nonfoaming, not skinning) 

5. Good coverage 

The dry film should be: 

6. Of high strength 

7. Not hygroscopic 

8. Not crystallizing 

After a glue film has been applied to 
the underside of the outer flaps, they are 
closed and pressed against the inner flaps 
by subjecting the case to pressure on a 
so-called compression unit. By con- 
tacting the two surfaces, enough glue 
should be transferred from the glued 
to the unglued surface to form an unin- 
terrupted bond between them. 

As the cases leave the compression 
unit, sometimes in as short a time as 
twenty seconds, rapid setting of the glue 
is imperative to prevent the flaps 
from popping open after the pressure is 
released. Part of the moisture and part 
of the highly soluble dextrin penetrate 
into the fibers of the board and a concen- 
trated glue film remains on the surface. 
This film consists of less converted dex- 
trin and starch particles which do not 
penetrate into the board because of their 
greater molecular size and consequent 
higher viscosity. 

The soluble dextrin, anchored in the 
fibers by penetrating them, forms a 
strong bond with the film remaining on 
the surface. When this (already concen- 
trated) film on the outer flaps is brought 
into contact with the inner flaps, another 
part of the moisture and of the soluble 
dextrin penetrates into the board of the 
inner flaps. Thus the glue film between 
the two surfaces should reach such a high 
concentration as to form an immediate 
bond and to dry quickly. 

By varying the proportions of the 
more and the less soluble components of 


the glue, it is possible to control the rate 


2. Rapid setting = 
the 3. Quick drying ; 
oes 4. Good machining qualities (low vis- 
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“ of penetration and setting time within 
certain limits. 
____ By diluting the glue with as little as 
about 10 per cent water, the originally 
rather viscous glue should become very 
fluid and machine perfectly without 
_ heavying up in the glue pot to give good 
coverage. If the viscosity of the glue 
_ would increase appreciably in the glue 
pot, either by excessive loss of moisture 
_ or by the mechanical agitation, the glue 
_ would build up on the glue roller. This 
would have the ill effect of poor glue 
transfer to the board. If the evapora- 
tion of water from the glue is too rapid, 
a Skin will form on the top of the glue. 
By refilling the glue pot with fresh glue, 
_ this skin would break and form lumps. 
If these lumps should catch between the 
glue roller and the glue pot they would 
prevent an even film formation on the 
glue roller, and of course an interrupted 
film on the board. Excessive foaming 
would cause the glue pot to overflow. 

The dried glue film should be strong 
enough to tear the fibers of the board 
stock when the flaps are pulled apart. 
It should not be hygroscopic so as to 
withstand high humidities without losing 
too much of its dry strength. It should 
also not become brittle to the extent to 
cause crystallization. 

Control tests on case-sealing glues 
should comprise: 

(a) Viscosity of the original glue 
(6) Minimum amount of water neces- 
sary to give proper working 
consistency 
c) Solids 
(d) Dextrin and dextrose 

(hk) Film hygroscopicity 
(i) Film hardness and elasticity 
(j) Film strength (relative) 
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(k) Mixing and diluting properties 

(1) Machining properties 

The same test methods could be ap- 
plied as for the liquid dextrin-base 
label glues, with the exception that for 
test h, i, and 7, films should be formed 
on board instead of on glass. 

Mr. B. E. Kester’.—There is one 
consideration I should like to present 
to the authors of this paper, and that is 
the problem of the permeability of a 
starch adhesive. On bottle labels with 
the adhesion of paper to glass, the per- 
meation into the paper and not into the 
glass presents one set of conditions; in 
sealing compounds with adhesion of 
paper to paper, the permeation of the 
adhesive presents a second set of con- 
ditions. 

In our work on starch adhesives we 
have found indications that permeability 
is a large factor in the adhesion of 
papers. How to measure the permea- 
tion and its effect by a quick control 
test would be desirable knowledge. In 
studies we have made on permeability, 
there is definite indication that bond and 
permeability are related. However, how 
to evaluate and control this factor we 
do not know. 

Messrs. A. HEeRMAN® and F. M. 
Know ton? (authors’ closure) —The dis- 
cussion by Mr. Laden is very instructive 
in that it deals fundamentally in differ- 
entiating the various types and char- 
acteristic tests of adhesives included in 
the scope of the aforementioned subject. 
His suggested changes in testing pro- 
cedures, such as, hygroscopicity by use 
of surgical cotton, film hardness by 
Dixon’s Eldorado pencils, and deter- 
mination of dextrin and dextrose, will be 
investigated. 

2 U. S. Gypsum Co., Chicago, III. 

3 Assistant to Vice-President, and Chemical Engineer, 


Joseph E. Seagram and Sons, Inc., Louis- 
ville, Ky. 
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It is gratifying to see that Mr. Laden, vestigations among manufacturers and __ 


representing the manufacturers of ad- users. 
)- hesives, in general agrees with the im- I hope the A.S.T.M. finds the subject 
€ portance of testing the product with important enough to establish a com- 
r some accepted method. The reason for mittee dealing with this type of adhesive. 
d bringing the investigation before the In reply to Mr. Kester, I may say that 
A.S.T.M. was to stimulate further in- we have done no work on that point. 
r- 
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America, New Kensington, Pa. 
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similar uses. 


In tests of round-end columns one of 


the most difficult conditions to attain is 


that wherein the ends of the specimen 
have no restraint in so far as rotation is 
concerned and no eccentricity of load- 
ing. Since in such tests it is necessary 
to transmit the load on a column through 
a mechanical joint of some sort, some 
frictional resistance to the tipping of the 


The problem presented is to keep this 
frictional resistance as low as possible, 
and at the same time provide the requi- 
site degrees of freedom of motion. 

Early attempts to obtain round-end 
conditions for columns of large size were 
made using plain spherical seats or pins. 
Test results reviewed by the Special 
Committee on Steel Column Research 
of the American Society of Civil Engi- 
neers indicated, in the important studies 
of column strength made between about 
1880 and 1925, that the spherical seats 
and pins used gave a condition quite 


1 Chief Engineer of Tests, Aluminum of 


By R. L. Temper 


SYNOPSIS 


ends of the column may be expected.: 


te 


HYDRAULICALLY SUPPORTED SPHERICALLY SEATED COMPRESSION 
TES TING MACHINE 


zi 


Following a brief discussion of the problems involved in obtaining satisfac- 
tory round-end conditions in tests of columns, a new design of spherically- 
seated fixtures is described in some detail. 
ing the efficacy of a particular set of such fixtures of 150 tons capacity are 
given, and certain features concerning the use of the apparatus are pointed 
out. From the evidence presented it is concluded that the new design offers 
definite advantages over previously available testing apparatus intended for 


Some results obtained in check- 


close to fixed ends.? In other words, the 
amount of friction was almost sufficient 
to prevent any rotation of the ends of 
the specimens. An improvement in the 
spherical seat type of fixture was made 
at the National Bureau of Standards? in 
1924 by lining the spherical seat with 
small hardened steel balls. A set of 
similar testing machine fixtures was 
made at the Aluminum Research Labora- 
tories in 1933 and tests of the apparatus 
indicated that the resistance to tipping 
under any load throughout its capacity 
range was indeed very small. The 
maximum capacity of the apparatus, 
however, was 25,000 lb., which permitted 
the testing of only small structural 
columns. 

Other testing devices for obtaining the 
round-end condition include knife-edge 
fixtures and platens supported on ball 


2 Progress Report of the Special Cammnieane on Steel 
Column Research, Transactions, Am. Soc. Civil Engrs., 
Vol. 89, . 1526-1536 (1926). 

3 Tom Greene, “Strength of Steel Tubing Under 
Combined Colures and Transverse Loading, Including 
Tests of Columns and Beams,” Technologic Paper No. 258, 
Nat. Bureau Standards, May 23, 1924. 
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or roller bearing trunions.* Usually 
these devices allow tipping about only 
one axis, although some that permit 
tipping in any direction have been built 
using intersecting knife-edges or inter- 
secting trunions.’ Examples of most of 
these various types of devices have been 
built and tried in the Aluminum Re- 
search Laboratories with varying degrees 
of success. Unfortunately the load ca- 
pacities of such devices are usually small 


and the apparatus is subject to consider- 
able elastic distortion during use. In 
addition, these particular devices do not 
permit rotation in a horizontal plane. 
In general, compression tests of mate- 
rials require greater total loads than 
tension tests of the same materials. 
Some of the reasons for this difference 
may be found in the types of specimens 
used and in the behavior of the various 
materials under the two kinds of loading. 


4H. W. Barlow, “‘A Fixture for Obtaining Pin-End 
Conditions in Column Testing,’’ Journal of Aeronautical 
Sciences, Vol. 7, No. 2, 1939, pp. 72-74. 

W. Barlow, Column Strength of Closed, 
Thin-Walled Sections of 18-8 Stainless Steel,’’ Journal of 
Aeronautical Sciences, Vol. 8, No. 4, February, 1941, pp. 
151-161. 
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When testing compression specimens it 
may be desirable to load them as uni- 
formly as possible throughout their 
cross-sectional area or to apply a load 
with a definite eccentricity. With the 
available testing machines and the 
dimensional variations involved in pre- 
paring the test specimens, uniform 
application of compression loads is very 
difficult without the use of a suitable 
load equalizing device. On the other 


Testing Apparatus. 


hand, when it is desired to apply loads 
with a given amount of eccentricity, the 
usual types of fixtures are generally 
unsatisfactory. 

Suitable fixtures for making round-end 
tests of column specimens, as well as 
for use in many other types of compres- 
sion tests, therefore, (1) should have 
three degrees of freedom, that is, be 
able to rotate in any direction; (2) 
should possess as low resistance to rota- 
tion as possible; (3) should have rela- 
tively large total load capacity; (4) 
should distort a minimum amount during 
use; and (5) should permit the use of 
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both uniform axial loads or loads with 
definite eccentricity. In addition to 
these primary requirements, such appa- 
ratus also should be readily adaptable 
to existing commercial testing machines, 
be readily handled, and reasonable in 
its cost. 

Recently another attempt has been 
made to provide compression testing 
apparatus complying with the require- 
ments just indicated. The resultant 
apparatus is shown in Figs. 1 and 2. 
Each fixture consists essentially of a sup- 
porting block a, in which a recess b has 
been provided for the supplying of oil 
pressure to the spherical bearing surface 
c, between the support a and the spheri- 
cal part of the platen d. Oil is supplied 
at sufficient pressure to cause a continu- 
ous flow of a thin film between the 
spherical surfaces throughout the testing 
of a specimen. Provision is made for 
collecting the oil after its passage be- 
tween the spherical surfaces, and re- 
turning it to the suction tank of the 
pump. The pump used with these fix- 
tures is capable of supplying oil at 
varying pressures up to a maximum of 
about 5000 psi., depending upon the 
applied load. The total capacity of the 
fixture depends upon the diameter of 
the recess 6, together with the maximum 
pressure exerted by the oil pump. In 
operation the oil pressure drops from the 
maximum value in the recess } to 
practically zero at the outer edge of the 
spherical contact area. An individual 
needle valve of suitable type is provided 
for metering the flow of oil to each sup- 
port. These valves also serve to mini- 
mize, if not eliminate, oscillations of the 
platen arising from pump pulsations. 
Another valve is normally provided for 
controlling the oil supply of both platens 
simultaneously. 

The annular grooves in the spherical 
seats of the supports a, constitute 
labyrinth packings and serve to insure 
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a uniform thickness of the supporting 
oil film throughout the spherical areas. 
The spherical surfaces were finished by 
grinding to close tolerances followed by 
lapping. Each platen was designed and 
built so that the center of the spherical 
surface is in the surface of the platen 
which comes in contact with the speci- 
men and at the same time is at the 
center of the same surface. Checking 
of this location of the sphere centers has 
indicated errors less than 0.002 in. in 
the case of this particular apparatus. 
The fixtures as shown in Fig. 2, were 
designed primarily for use in a vertical 
testing machine; consequently it was 
necessary in the case of the upper fixture, 
to provide some means for holding the 
spherically-seated platen in place when 
there was no specimen in the machine. 
This has been accomplished by use of 
ball-bearing gimbal rings attached to 
the support @ and connected to the 
spherically-seated platen d by means of 
four bolts which, in turn, are provided 
with spherically-seated heads and nuts. 
In order to comply with the geometry 
involved it was necessary to have the 
centers of the spherical surfaces of these 
parts come at definite locations. The 
centers of the spherical seats for the 
heads of these bolts are located in the 
same plane as the center of the main 
spherical seat of the fixture, and the 
centers of the spherical seats of the nuts 
on the bolts are in the same plane as the 
axes of the gimbal rings. The four 
connecting bolts restrict to a considerable 
extent the horizontal rotation of the 
platen of the upper fixture but the platen 
of the lower fixture is quite free to rotate 
in a horizontal plane. A soft metal 
bumper ring /, has been provided to 
prevent damage when testing column 
specimens to failure and to limit the 
maximum rotation, of the platen in any 
vertical plane. The spherically-seated 
platens can be readily changed to fixed 
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platens by the insertion of four distance 
pieces e. These distance pieces could be 
made adjustable so as to correct readily 
for errors in parallelism of the platens. 
Suitable eye-bolts are provided for use 
in handling the fixtures. 

The first set of these compression 
fixtures was designed for a maximum 
capacity of 300,000 lb. and has been 
loaded to that capacity in a number of 
instances. The surface of each platen 
coming in contact with the test speci- 
mens is 24 in. square. The radius of 
the spherical bearing surfaces of each 
platen is 10 in. and there is provision for 
a maximum rotation of the platens of 
+5 deg. from the horizontal. The 
height of each platen, as indicated in 
Fig. 2, is, of course, dependent to some 
extent upon the particular testing 
machine in which the platens are to be 
used—in this case a 300,000-Ib. capacity 
Amsler hydraulic testing machine (Type 
150 SZBDA 233).6 The various load- 
carrying parts of the fixtures were 
designed so that the bending stresses 
occurring in them would be as small and 
as uniformly distributed as possible, 
under the conditions imposed. This was 
done for the purpose of minimizing the 
deformations in the fixtures during use. 
The weight of the top or upper fixture 
complete was approximately 1625 lb. 
and of the bottom fixture 1485 lb. 

The adaptation of these heads to the 
Amsler type hydraulic testing machine 
was readily accomplished and the need 
for an extra pump eliminated. It was 
found that the heads could be readily 
operated with some of the oil delivered 
by the pump provided with the testing 
machine. The use of this amount of oil 
decreased slightly the maximum rate of 
load application of the testing machine, 
but since compression tests are generally 


**300,000-Ib. Universal Testing Machine,”’ The Ameri- 
can Machinist, European Edition, July 19, 1930. 
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carried out at relatively low speeds, this 
was of no practical consequence. It is 
believed that fixtures of this type could 
be readily applied to other commercial 
types of hydraulic testing machines. In 
the case of screw-power type testing 
machines it would, of course, be neces- 
sary to provide a suitable oil supply for 
the fixtures. 

In working out the details of this test- 
ing apparatus, consideration has been 
given to a number of minor items which 
facilitate its use. A simple means for 
fixing the heads against rotation has 
already been mentioned. An additional 
feature involves the provision of clips 
that can be attached to the center of each 
of the edges of the platens. These clips 
are provided with adjusting screws 
which, together with suitable extensions, 
can be used for accurately locating and 
maintaining the position of the ends of 
the specimens. Small brackets are pro- 
vided at each of the corners of the 
platens for deformation measuring ap- 
paratus. This deformation measuring 
apparatus is adjustable for various 
lengths of specimens and affords a means 
of measuring the relative movement of 
the platens during use. 

In addition to the eye-bolts for han- 
dling the heads, unions have been provided 
in the hydraulic piping at locations 
where they can be conveniently dis- 
assembled when the fixtures are removed 
from the testing machine, and also where 
they will not interfere with the other 
uses of the machine. Experience to date 
has indicated that the heads function 
properly when using the same oil as 
normally used in the testing machine. 
It is, of course, essential that the oil be 
clean and free from air. 

A number of different procedures may 
be used to check the functioning of com- 
pression testing fixtures of this type. 
Two schemes that have been applied to 
this particular set of fixtures will be 
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described and the 
indicated. 

The centers of the radii of the spherical 
surfaces of the platens can be made to 
coincide by bringing the specimen sur- 
faces together and centering. In this 
position the fixtures can be loaded as a 
complete sphere up to the maximum 
capacity (150 tons), and their resistance 
to rotation in any direction measured. 
This resistance was conveniently de- 
termined by means of a spring balance 
and a lever arm of known length. The 
results obtained are shown in Fig. 3. 
Slight errors in centering the fixtures are 
reflected in the differences observed in 
rotating the fixtures in the two planes 
indicated. The maximum value of the 
resisting moment measured was about 


results obtained 
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This corresponds to 900 in-lb. for each 
fixture. 

It may be pointed out that this check- 
ing procedure is a severe one since 
relatively small errors in centering the 
fixtures cause considerable resistance to 
rotation. In fact it appeared reasonable 
to expect that there might be appreciably 
less resistance to rotation when testing 
specimens with the apparatus, particu- 
larly in the case of columns. Further- 
more, a comparison of the calculated 
strengths of some given columns with 
test results obtained with this apparatus 
would give another check on how closely 
actual round-end conditions could be 
attained. 

Some column tests have been made 
using the fixtures and the results are 
shown in Fig. 4. One of the specimens 
is shown during test in Fig. 5. In order 
that the column strengths could be 
calculated closely, it was necessary first 
to determine the modulus of elasticity 
of the material used for the specimens. 
This involved careful calibration of the 
testing machine used, in accordance with 
A.S.T.M. Standard Methods of Verifica- 
tion of Testing Machines (E 4-36)’; 
and of the Martens Mirror Extensometer 
used, in accordance with the proposed 
methods of calibrating extensometers 
now under consideration by the Section 
on Calibration of Testing Machines and 
Apparatus of A.S.T.M. Committee E-1 
on Methods of Testing. Two short 
compression specimens, having slender- 
ness ratios of about 16, were then 
machined from the same material used 
for the column specimens. Data from 
the testing of these specimens gave an 
average modulus of elasticity of 
10,520,000 psi., and a relation between 
the average stress and the reduced or 
effective modulus of elasticity for use in 
determining the Engesser column curve. 


Fic. 5.—Aluminum Alloy Column with Round- 
End Conditions, During Testing. 
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The final calculated column strength The test results for the column speci- | 
values are given by the curve shown in mens of intermediate length lie between 
Fig. 4. The column formulas used were _ the curves of the Euler and the Engesser } 
the well-known Euler* formula: formulas and agree very well with the | 
ey are out 4.4 per cent greater than 
A L the values computed from the Engesser 
The test results for the short column 
and the Engesser’ formula: specimens are from about 3to5 percent 
less than the values computed from the 
_ formula. In view of the scatter 
A (*) of test data usually encountered in this 
Ki FR range of slenderness ratios, this variation 
P/A= stress at failure in WH TEST REGIS 
pounds per square inch, 3-in. diameter round rod, aluminum alloy 17 17S-T Rte 


E = modulus of elasticity in com- 
pression in pounds per 
square inch, 

E’ = reduced or effective modulus 

elasticity in compression 


sin pounds per square inch, 

and 

L/r = slenderness_ ratio of 
column specimen. 


the 


The column test results are plotted as 
individual points in Fig. 4 and also given 
in Table I together with the computed 
values. It may be noted that these test 
data check quite closely the computed 
column strengths. 

The long specimens, which failed at 
average stresses in the elastic range, had 
strengths about 2 per cent greater than 
the values computed by means of Euler’s 
formula. This difference represents a 
fixity coefficient, K, equal to about 0.99 
as compared to unity for theoretically 
round-end specimens and 0.50 for fixed 
ends. 


64 ngineering ieties raw- 
Book Co., New York, N. Y. (19. 

*F. Engesser, Zeitschrift far “Architektur und In- 
genieurwesen, p. 455 (188 See also Considére, Congres 
international de construction, Paris, V: 
(1889) ; E. Elwitz, Forschungsarbeiten, "No. 236 
(1921 


s Test Result 
Specimen| & | * | 3 
n & 
core n = =o 
No. 90A. 90.12) 120.2) 7170) 51770) 7290) 1.017 
No. 90B....| 90.12) 120.2} 7170) 52120) 7340) 1.024 
No. 49A 49.06) 65.4 000; 171.000) 24070; 1.047 
No. 49B....| 49.06) 65.4} 23000) 170 300) 23980) 1.043 
No. 23A. 22.69; 30.3) 41 500) 286600) 40350) 0.972 
No. 23B. 22.69; 30.3) 41500) 279 200) 39310) 0.947 


An analytical study of the effects of 
restraining moment on ultimate column 
load, indicated that the smaller the 
eccentricity of loading the larger the 
degree of fixation produced by a given 
small amount of restraining moment. 
Experience shows that it is practically 
impossible to achieve zero eccentricity. 
If zero eccentricity were attained, the 
degree of fixation at the ends of a column 
caused by a very small restraining 
moment would be relatively large. 
Computations indicated that an eccen- 
tricity of loading of 0.009 in., coupled 
with the resisting moment measured in 
the friction tests described above, would 
explain the degree of fixation indicated 
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in the tests of the long specimens. high load capacity is readily obtained; 
Since the eccentricities in these tests the desired freedom of rotation is pro- 
were probably less than 0.009 in., the vided; distortion of the component parts 
restraining moment necessary to account 1S minimized; and the apparatus can be 
for the indicated degree of fixation would used effectively in obtaining either 
be even smaller than that measured in Uniform axial loads or loads with a 
the friction tests; and it is believed that ‘finite eccentricity. The apparatus 
thee also meets other less important require- 

As a result of these studies it is con- ets concerning adaptability to exist- 


‘ : ing testing machines, manipulati 
cluded that these compression testing . 
initial cost and maintenance. 
fixtures represent a definite improve- 
ment over previously available equip- Acknowledgment: 


ment used for similar purposes. While In closing the author wishes to ac- 
the apparatus is not entirely free from knowledge theassistance of Marshall Holt 
frictional restraint, the friction in it is of of the Aluminum Research Laboratories 
a satisfactory low order of magnitude. in the carrying out of the tests discussed 
The design of the apparatus. is such that herein. 
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ROUND-TABLE DISCUSSION ON THE SOLVENT ACTION OF WATER 


ab 


VAPOR AT HIGH TEMPERATURE AND PRESSURE 


GENERAL INTRODUCTION 


Committee D-19 on Water for In- 
dustrial Uses, of the American Society 
for Testing Materials, sponsored a 
Symposium on Problems and Practice 
in Determining Steam Purity by Con- 
ductivity Methods (52)? in June, 1941, 
at Chicago. The papers that were 
presented reported the current methods 
for sampling and testing steam con- 
densate, and from that survey there was 
secured up-to-the-minute information of 
the quantitative data on carry-over 
that contribute to deposits in super- 
heaters and turbines. Thus, it is both 
logical and appropriate that we now 
discuss the factors, both physical and 
chemical, that contribute to the for- 
mation of deposits; mechanical means 
that minimize these harmful effects; 
and the modes of chemical treatment in 
current use to prevent deposition of 
salts beyond the steam take-off of 
the boiler drum. 

A twofold objective may be secured 
from this discussion: 1. The immedi- 
ate one is to assemble information of 
current practices found effective for 
reducing the loss in capacity and effi- 
ciency of turbines, for minimizing equip- 
ment outages, and to distribute the 
pooled information to the industry. 
2. An objective of greater scope and 

1 Advisor, Power Stations Chemistry, Pittsburgh, Pa. 

2 The boldface numbers in parentheses refer to the re- 


ports and papers appearing in the bibliography appended 
to this discussion, see p. 1020 


with the 


itself 
assembly of all of the critical information 
that may serve as the basis for a well- 


duration concerns 


balanced research program. This 
material may include a thorough analysis 
of all of the concepts previously pub- 
lished, as well as those that may be 
developed at this discussion. 

Plant operators recognized the deposit 
difficulties when the boiler outputs were 
increased coincidental with the use of 
higher pressures and increase in super- 
heater temperatures. Boiler and other 
equipment manufacturers have at- 
tempted to meet these conditions of 
carry-over by installing steam washing 
and separating devices in the boiler 
drum, prior to the steam entering the 
superheaters. Modes of chemical 
treatment have been developed to alter 
the composition of boiler water salts, 
so that any residual deposits found in the 
equipment beyond the boiler could be 
more easily removed by chemical wash- 
ing or mechanical means. 

The general problem of elimination of 
deposits in superheaters and turbines 
should be capable of solution, even 
though the physical and chemical aspects 
now appear to be complex. Are the 
deposits formed solely by the mechanical 
carry-over of boiler water salts in the 
steam, are they the result of vaporiza- 
tion according to the theory of Spillner 
(43), or are they a combination of these 
two causes? Although the problem 
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has been with the engineering men for a 
considerable number of years, it was 
approached by Straub (50) whose sug- 
gestions on the use of sodium sulfate 
have been carried out in certain plants 
and have resulted in reduction in deposit 
formation. In recent months Buckland 
(4) has contributed a highly significant 
and informative paper in which he dis- 
cusses his findings as the result of his 
observations of deposits in many tur- 
bines. Buckland discusses the subject 
under the topics: (1) Prevalence of 
deposits, (2) appearance and location in 
the turbine, (3) resultant reduction in 
efficiency, (4) the means of their removal, 
and (5) general causes and prevention. 

Members of the Power Stations Chem- 
istry Subcommittee of the Edison 
Electric Institute have reported on a 
preliminary survey on Turbine Blade 
Deposits (54). 

Several papers have been published in 
recent years, covering the testing of 
steam purity, and in each of the papers 
steam purity of exceptionally high 
quality was reported. Must it be con- 
cluded from the results reported that the 
deposits observed are the result only 
of the residual carry-over not removed 
by the washing and separating devices? 

Baker (2) finds steam purity averaging 
0.29 micromhos in boilers operating at 
1400 psi. at the Springdale Station of 
the West Penn Power Co.; nevertheless 
deposits are found on the turbines after 
some eight months of continuous opera- 
tion (privately communicated by L. E. 
Hankison, West Penn Power Co.) 

Schwartz, Gurney, and Crossan (39) 
presented valuable results in their series 
of papers on testing steam purity. 
They find by gravimetric analysis values 
for total solids of from 0.25 to 0.45 
ppm. for steam. 

Cassidy (5) stated: 

“The actual maximum steam velocity 
in modern high-capacity boiler drums 
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may generally exceed the critical so that 
any moisture picked up from the surface 
of the water will be carried by the steam 
except at reduced outputs. Water- 
separating devices such as baffles which 
separate the water by change in direction 
and surface contact are depended upon 
to deliver comparatively dry steam to the 
superheater. Effective steam separators 
are available and are guaranteed to de- 
liver steam with not more than 0.25 per 
cent moisture. Modern high-capacity 
boilers equipped with steam washers and 
separators have been operated at full 
load with less than 1 ppm. solids in the 
steam at boiler-water concentrations up 
to 1280 ppm. The use of the combina- 
tion steam separator and washer is of 
great advantage in reducing the deposit 
of silica on turbine blading and increas- 
ing the continuity of efficient service 
from the turbine.” 

Lacking a complete exposition of all 
of the factors that contribute to the 
formation of deposits, there may be 
instances where a partial remedy is 
secured by steam washing in the drum, 
by the use of separators, or a modifica- 
tion in the boiler water circulation 
design of the boiler. Steam washing of 
the turbine during low-speed operation 
or the use of chemical washes may supply 
partial relief in other instances. Modifi- 
cation of the chemical treatment of the 
boiler water may in still other instances 
assist in a partial solution of the prob- 
lem. Until there has been made avail- 
able the fundamentals as to the role of 
silica and silicates in the formation of 
the deposits and a general acceptable 
understanding of the solubilities of the 
complex salts that are found in boiler 
waters, the absolute prevention of de- 
posits in superheaters and turbines may 
have to be deferred. 

Is there significant relationship be- 
tween the formation of silicate rocks and 
the formation of silicate compounds in 


tur 
phy 
the 
Spi 
de\ 
unt 
evi 
era 
at | 
Mc 
att 
Ins 
1 
18 
coh 
° 
é 


GE NERAL BY See 


turbine blade deposits? Has the geo- 
physicist any data to affirm or disprove 
the vaporization theory advanced by 
Spillner (43)? Is it possible for him to 
develop the data secured by him at the 
unusually high pressures, so as to secure 
evidence of what occurs in steam gen- 
erated at pressures up to 1800 psi., and 
at temperatures up to 950 F.? 

A hint may be found in the paper by 
Morey and Ingerson (28), investigators 
at the Geophysical Laboratory, Carnegie 
Institution of Washington, Washington, 
D.C. T The senior author, G. W. Morey, 


re 


both because of his investigations on 
silicate rocks and researches on glass, 
may be able to blaze the trail on this 
subject of superheater and turbine blade 
deposits. His findings should benefit 
the industry, the operators, boiler and 


turbine manufacturers, and the responsi--. 


ble consultants and chemists charged 
with the function of maintaining con- 
tinuous and efficient operation of power 
equipment, and his paper introduces this 
Discussion on the Solvent Action of 
Water Vapor at and 
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SOLUBILITY OF SOLIDS IN WATER VAPOR” 


By GEORGE W. Morey! 


The interest of the Geophysical Lab- 
oratory of the Carnegie Institution of 
Washington in the carry-over of silica 
and other nonvolatile substances in 
high-pressure steam arises from the fact 
that our first interest is the application 
of the methods of chemistry and physics 
to the solution of the questions raised 
by geologists in their study of processes 
of rock formation and mineral deposi- 
tion. These studies by the geologists 
indicate that transport of nonvolatile 
material by a vapor under high pressure 
may play an important part, and the 
dominant constituent of this vapor is 
water. In other words, we have in 
nature much evidence which has been 
interpreted as indicating the transport 
of nonvolatile material by steam at 
high pressure and temperature. 

Most ore deposits of economic value 
are associated with igneous intrusions, 
but the main body of the batholith or 
laccolith is usually barren. The de- 
posits have been formed by ore-bearing 
solutions emanating from the hot 
magma, and depositing their load in 
veins and crevices at some distance 
from the main intrusive body. The 
water vapor at high temperatures and 
high pressures exerts a solvent action 
on comparatively nonvolatile materials, 
and the highly charged vapors penetrate 
pores in the country rock, especially 
those of sedimentary origin such as 
limestones, shales, and sandstones. 
Many tin, tungsten, copper, molyb- 


1Geophysical Laboratory, Carnegie Institution of 
Washington, Washington, D. C 


denum and mercury, ores, are examples 
of high-temperature deposits of this 
type. 

That stage in the process of magmatic 
differentiation which is known as pneu- 
matolytic is one in which the part 
played by water at temperatures far 
above its critical temperature and under 
high pressure is of special importance. 
In the early stages of pneumatolytic 
action, in which the residual magma 
represents the mother liquor remaining 
after the crystallization of the plagio- 
clase feldspars and more basic minerals, 
the chief minerals separating are quartz 
and orthoclase. Each of these minerals 
is characterized by high melting point, 
and orthoclase, in the laboratory, is 
impossible to obtain crystalline without 
the aid of mineralizers. Nevertheless, 
pegmatite deposits known to be laid 
down at temperatures not very far from 
a red heat contain crystals of orthoclase 
and quartz, and some such are of enor- 
mous size. Their formation can be 
explained only by their being in solu- 
tion in a highly mobile phase, the major 
constituent of which is water, together 
with accessory constituents such as the 
halogen acids, phosphates, carbonates, 
and boric acid. The part played by the 
solvent action of water at temperatures 
above its critical temperature is a domi- 
nant one in the late stages of magmatic 
differentiation, and our major interest 
for the past twenty years has been the 
laboratory study of systems which we 
hope will lead to a clearer understanding 
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That experimental work has unfor- 
tunately been temporarily stopped by 
the necessity of playing our part in our 
country’s war effort. We have, how- 
ever, obtained many results which may 
be significant in their application to the 
broad problem, and some of them may 
have a direct bearing on the carry-over 
in high-pressure steam. 

Before considering water as a magma- 
tic constituent, it may be well to con- 
sider the properties of water itself. 
Figure 1 shows the steam dome, that is, 
shows the density of water in the coex- 


Temperature , deg. Cent. 
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Fic. 1.—Steam Dome, Showing the Density of 
Water in the Coexisting Liquid and 
Vapor Phases. 


isting steam and liquid phases. For 
our purpose, it is noteworthy for the 
fact that while the density of water de- 
creases, that of steam increases, and the 
increase in density of steam is very rapid 
as the critical temperature is approached. 
At and just below the critical tempera- 
ture, the steam dome is almost flat. 
From the principle of continuity, it fol- 
lows that if we heat water under a pres- 
sure always greater than its vapor pres- 
sure, it will pass without discontinuity 
in properties from a condition in which 
it is plainly recognizable as liquid water 
to a condition at temperatures above its 
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critical temperature where it must be 
regarded as a gas. There is no discon- 
tinuous change at the critical tempera- 
ture of water, and there is no reason to 
expect a change in the solvent power of 
water at the critical temperature, when 
the liquid and vapor phases merge con- 
tinuously into each-other. 

The critical temperature of water is a 
characieristic of pure water only. When 
a binary system consisting of water and 
a soluble compound such as potassium 
disilicate is considered, the critical tem- 
perature of water is without signifi- 
cance. A solution of salt in water raises 
the boiling point, that is, decreases the 
vapor pressure, and if the salt is suffi- 
ciently soluble the vapor pressure of the 
saturated solution at the critical tem- 
perature of water is far less than the 
vapor pressure of pure water. Like- 
wise, the critical temperature of water is 
altered by dissolved salt, and usually 
we may speak of the critical or plait- 
point curve as joining the critical point 
of water with that of the dissolved sub- 
stance. When the solute is present in 
sufficient quantity, the vapor-pressure 
curve of the three-phase equilibrium 
solid + liquid + vapor, does not inter- 
sect the plait-point curve, and we have 
conditions which are represented by the 
binary system, water-potassium disili- 
cate, to be considered later. 

Before considering this binary system, 
it would be well to discuss in general 
terms the phase equilibrium relation- 
ships in systems the components of 
which differ greatly in volatility. Fig- 
ure 2 gives three projections of the solid 
model representing the variations in 
pressure, temperature, and composition 
of the three-phase equilibrium solid + 
liquid + vapor for a binary system A + 
B, in which A is much more volatile 
than B. The three projections are (1) 
that on the 7—X plane, which is the or- 
dinary solubility curve, continuous from 
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5 the eutectic or cryohydrate to the melt- P-X plane, which represents the varia- 


ss ing: ~points of each of the components; tion of pressure with composition in the 
(2) that on the P-T plane, which repre- same equilibrium. 
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nO Fic. 2.—Three P Projections of a Solid Model Representing Variations in Pressure, Temperature, and 
aa: Composition of the Three-Phase Equilibrium Solid + Liquid + Vapor, for a Binary 
nt System A + B, in Which A is Much More Volatile than B. 


The critical, or plait-point, curve (dashed) is not intersected by the solubility curve (solid) a 
@ 
8 Ay A- Temperoture 
A Ashi 
™ % Fic. 3.—System Like that Represented in Fig. 2, Except that the Critical Curve Is Intersected by 
‘se P and Q are lower and upper critical end points respectively. 
~ y sents the change of pressure with tem- On the pressure-temperature | curve of 
. _ perature of the three-phase equilibrium this three-phase equilibrium, the pres- 


solid + liquid + vapor; and (3) the sure rises to a maximum and then falls. 
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This is necessarily true because this 
curve terminates at the melting point 
of B, and the pressure at that point is 
the triple-point pressure of B. Simi- 
larly, the critical temperatures of the two 
components are joined by a critical or 
plait-point curve, and in the case repre- 
sented by Fig. 2 this plait-point curve is 
not intersected by the solubility curve. 

Figure 3 shows the relationships in the 
case that the critical curve is intersected 
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tical end points there is a region in which 
liquid solution or melt cannot be ob- 
tained no matter what the pressure. 
The only possible phases are solid and 
vapor; the system is divariant, and com- 
position of the vapor in equilibrium with 
solid is a function of both pressure and __ 
temperature. At the second critical 
end point, a liquid is again formed of 
composition identical with the vapor, 
and at higher temperatures there is 


by the solubility curve; further assump- 
tions are that no compounds are formed 
and that no unmixing takes place. 
When the critical curve is intersected 
at one point by the solubility curve, it 
must necessarily be intersected at a 


ed by second point. As the temperature is 
increased from the eutectic to the first 
critical end point, the compositions of 
ve of § the two phases approach each other; 
pres- and at the critical end point they be- 
falls. come identical. Between the two cri- 


Fic. 4.—Isothermal Polybaric Saturation Curves in the System H,O-K,O-SiO,. After Morey and 
Fenner. 


again a three-phase curve ending, as in 
the preceding case, in the melting point 
of component B. 

Let us now consider Fig. 4, the ter- 
nary system water—potassium meta- 
silicate-silica (27).2 In this ternary 
system we have binary systems in which 
the critical curve is not intersected by 
the solubility curve, and also binary sys- 


2 The boldface numbers.in parentheses refer to the re- 
ports and papers appearing in the bibliography appended 


to this discussion see p. 1020. 
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tems in which the critical curve is inter- 
sected by the solubility curve. The 
diagram as a whole consists of a continu- 
ous series of isothermal polybaric satu- 
ration curves from 200 up to 600 C. 
The sequence of these saturation curves 
is continuous, and the critical tempera- 
ture of water is without influence. 

The binary system H,O—-K,0-SiO; is 
continuous up to the melting point of 
potassium metasilicate, and the maxi- 
mum pressure on this curve is compara- 
tively low. The relationships in the 
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Fic. 5.—T7T-X Curve for the Binary System 


Ether—Anthraquinone. After Smits. Compare 
Fig. 6. 


binary system H,O-K.Si0; are com- 
plicated by the formation of a hydrate, 
K2Six05-H2O, but except for this com- 
plication, the solubility curve is con- 
tinuous, and again the critical tempera- 
ture of water is without influence. 

At lower temperatures, the relation- 
ship between water and potassium di- 
silicate changes from that of congruent 
solubility to that of incongruent solu- 
bility, a type of relationship which may 
be of importance in connection with the 
carry-over in steam turbines. In the 
region in which anhydrous potassium 


disilicate is solid phase, and in the upper 
part of the region in which the potas- 
sium disilicate monohydrate is solid 
phase, these compounds crystallize out 
of a solution in which the ratio of K2O to 
SiO, is that of the disilicate. That is, 
the compound is not decomposed by 
water. When the temperature is low- 
ered to below 280 C., this is no longer 
true. The disilicate becomes decom- 
posed by water and crystallizes only 
from solutions which contain an excess 
of potassium oxide. If a solution con- 
taining potash and silica in the disilicate 
ratio is cooled and crystallized below 
280 C., the compound separating is not 
potassium disilicate but potassium tetra- 
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Fic. 6.—P-T Curve for the Binary System 
Ether-Anthraquinone. After Smits. 


silicate, and below this temperature 
potassium disilicate is incongruently 
soluble in water. 

A larger number of compounds become 
decomposed by, and are incongruently 
soluble in, water at elevated tempera- 
tures. Potassium tetrasilicate becomes 
decomposed by water at temperatures 
below 360 C. with quartz becoming the 
stable phase. When incongruent solu- 
bility is accompanied by a volatility of 
one or the other components, the prob- 
ability of carry-over is greatly increased. 

The binary system H,O-SiO, is an 
example of one in which the plait-point 
curve is intersected by the solubility 
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curve, but a better example is the class- 
ical system ether-anthraquinone, worked 
out by Smits (40). Figure 5 shows the 
T-X curve for this equilibrium, and 
Fig. 6 shows the P-T curve. The real 
solubility of anthraquinone in the vapor 
phase is clearly evident in this case. 

In attempting to extend the work with 
potassium silicates to the sodium sili- 
cates,’ it was found that the lower 
solubilities resulted in greatly increased 
vapor pressures and, consequently, in- 
creased difficulties in the experimental 
technique. Experiments at compara- 
tively low temperatures have shown that 
the solubility of sodium metasilicate is 
strongly retrograde. For example, at 
100 C. the saturated solution of sodium 
metasilicate in water contains about 50 
per cent of the anhydrous compound, 
but at 350 C. the solubility is measured 
only in tenths of a per cent. We also 
have found that at 350 C. sodium disili- 
cate is rather more soluble than sodium 
metasilicate, and that the greatest con- 
centration of anhydrous material is at 
the boundary between sodium disilicate 
and quartz. It is also important to 
notice that at this temperature the 
boundary between disilicate and quartz 
lies almost at the disilicate ratio, and it 
is probable that at lower temperatures 
sodium disilicate becomes decomposed 
by water. It has not been established, 
but it is inferred from the preceding 
results that the region of critical end 
points extends over a considerable por- 
tion of the ternary system H,O—Na,O- 
SiO.. In other words, it is probable 
that saturated solutions of sodium sili- 
cate in water, over a considerable range 
of NagO:SiO, ratio, show critical phe- 
nomena. 

Because of the high pressures in- 
volved, it was necessary to devise a new 

A preliminary paper on the system H2O-Na20-SiO2 


was presented by Morey and Ingerson (29). Much of the 
work subsequently referred to is from unpublished studies 
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method of experimental procedure for 
the study of the system at high tem- 
peratures. The plan of experimentation 
finally adopted was to heat small quan- 
tities of mixtures of varying Na2O:SiO» 
ratio, in the form of homogeneous 
glasses, in steam at high pressure long 
enough for equilibrium to be reached; 
then to cool the charge by dropping it 
out of the heated zone of the furnace, 
thus freezing the equilibrium. The ex- 
perimental set-up consists of a stainless 
steel bomb 6 in. in external diameter, 
with a 3-in. central cavity, and provided 
with appropriate means of heating, of 
temperature measurement, and with an 
electrical device for dropping the charge 
of sodium silicate glass, wrapped in 
platinum foil, to the bottom of the fur- 
nace at the termination of the experi- 
mental period. In the central cavity 
is an electrically heated, platinum 
wound, “‘Sillimanite” tube 3 in. in in- 
ternal diameter, which can be inde- 
pendently heated to temperatures up to 
1300 C. The bomb walls are main- 
tained at a constant temperature higher 
than the critical temperature of water to 
preclude any possibility of condensation. 
The pre-heated water vapor is intro- 
duced through the side wall of the bomb 
by means of an injector pump, the 
operation of which is controlled by an 
electrical device which maintains the 
pressure constant. The apparatus, how- 
ever, is so tight that after the pressure 
has once been built up, it is maintained 
by the pump operating less than one 
minute out of 24 hr. By this means, 
we have been able to study the equilib- 
rium relationships in the system water 
and sodium silicates at high tempera- 
tures and pressures. Three groups of 
experiments, each of which, in a differ- 
ent manner, is pertinent to the solubility 
of solids in a vapor are described below. 

The first of these groups of experi- 
ments has to do with the determination 
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of the upper portion of the solubility or 
T-X curve. Let us confine our discus- 
sion chiefly to sodium disilicate, with 
incidental references to systems contain- 
ing larger or smaller proportions of 
silica. The melting point of sodium 
disilicate is 874 C. When quenching 
experiments are carried out in steam, 
the water dissolved in the molten sili- 
cate lowers the freezing point of the sili- 
cate in an amount determined by the 
pressure of the water, and the freezing 
point or solubility curve so determined 
is shown in Fig. 7. This is the P-T 
curve, and it shows that 3000 psi. 
pressure of steam is sufficient to lower 
the freezing point from 874 to 708 C. 
At the binary eutectic between sodium 


en 
3750 


0 500 1000 1500 2000 2500 3000 
P, psi. 


Fic. 7.—P-T Curve for the Binary System 
Na,O-2Si0.-H.0, up to 3000 psi. 


disilicate and quartz, the temperature 
lowering is 156 C., and it appears that 
the silica content at this eutectic has 
changed only a little. 

Experiments of this type have been 
carried out for the entire range of sodium 
silicates up to sodium metasilicate, and 
also for the system sodium disilicate- 
albite and sodium disilicate-nephelite, 
as well as in many mixtures in the sys- 


tem NasO-CaO-SiOs. The details of 


these experiments will be published at 
another time, but some phenomena 
noticed in the course of these experi- 
ments are of great interest to us in this 
problem. 

In all this work there is constantly 


being obtained evidence of transport of 
ordinarily nonvolatile materials by high 
pressure steam, but the most striking 
examples were obtained with a bomb in 
which there was an undue amount of 
convection. One of the major difficul- 
ties in this experimental work is that it 
is necessary to have a region of constant 
temperature in that portion of the }-in 

“*Sillimanite” tube in which the quench 
and thermocouple are located, and since 
convective currents in the steam at 
several-thousand-pounds pressure carry 
quantities of heat, the avoidance of con- 
vective currents is imperative. Numer- 
ous experimental arrangements were 
tried, and one of the bombs in which con- 
vection was not entirely eliminated was 
used in some experiments at about 1000 
C. and 3000 psi. pressure. When the 
thermocouple, in its protective tube, 
was removed at the end of the experi- 
ment, it was noticed that there were 
many hair-like crystals on the thermo- 
couple leads and on the bottom of the 
refractory tube. Above the needles in a 
zone which had been between 800 and 
900 C., there was a brownish coating, 
then a platy white coating, and finally 
a thicker, irregular, lumpy white layer. 
Microscopical examination showed the 
needles to be sillimanite; the brownish 
coating, rutile; the plates, corundum; 
the lower part of the uppermost zone, 
quartz and amorphous silica. Other 
deposits in the bomb were mostly amor- 
phous silica which was deposited in 
quantity near the’ top, and between 
baffle plates where the steam first cooled 
by the colder shell after passing upward 
through the hot spot in convectional 
circulation. 

This is, I believe, the first time that 
sillimanite has been obtained artificially, 
and it is probable that the conditions 
under which it was formed in these ex- 
yeriments resembled those in which it 
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was formed by metamorphism in nature. 
The anhydrous materials such as silica, 
alumina, and titania had their source in 
the refractories from which they were 
dissolved by the highly compressed 
water vapor, by which they were trans- 
ported from one region of the bomb 
to another. This transport, of course, 
took place under conditions of much 
higher temperature and pressure than 
are ever met with even in superheaters, 
but that the same process can and does 
take place at lower temperatures and 
pressures is not to be doubted. 

The third and final group of experi- 
ments which I wish to mention are a con- 
tinuation of our efforts to realize the 
upper portion of the solubility curve of 
sodium disilicate in water. Reference 
to Fig. 7 will show that the P-T curve 
is concave upward; that is, a given in- 
crement of pressure is producing an in- 
creasingly smaller depression of the freez- 
ing point. We had expected that this 
system would resemble the system water- 
potassium disilicate, and that the P-T 
curve would show signs of approaching 
a maximum in pressure, but that proves 
not to be the case. Then some experi- 
ments were made in which the tempera- 
ture was lowered to just above the 
critical temperature of water at 3000 
psi. pressure. The crystalline sodium 
disilicate showed no sign of melting. 
The finely powdered grains were not 
even sintered together. It is evident 
that the system is one in which critical 
end points are formed, and it is probable 
that the lower critical end point differs 
only slightly from the critical tempera- 
ture of water. This is in harmony with 
the solubility experiments at 350 C. 
previously mentioned. 

We then tried to determine the upper 
critical end point. In these experi- 
ments, instead of a quenching charge, 
we used a tiny platinum crucible. At 
300 C. 
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crystals of sodium disilicate were not 
melted, but above them and on the sides 
of the crucible, a gelatinous layer had 
deposited. At 8700 psi. pressure the 
disilicate had entirely melted. In the 
cooled crucible there were found two 
distinct layers. One of these was a 
quenched disilicate glass containing 
water, but still hard and brittle. The 
upper layer was of gelatinous consist- 
ency, containing much more water, 
and evidently represented a chilled 
vapor phase. 

Numerous similar experiments have 
been made at temperatures ranging 
from 375 to 500 C., and at pressures up 
to 16,500 psi. and with mixtures ranging 
in composition from sodium metasilicate 
to the eutectic between sodium disilicate 
and quartz. These studies are not com- 
plete, but they all indicate that under 
the conditions of experiment the per- 
centage of sodium oxide and silica in the 
vapor becomes large. Some results, 
as yet unconfirmed, indicate over 50 
per cent by weight of solid material in 
solution in the vapor. 

The experimental work which has 
been discussed was planned in the hope 
of obtaining information on the behavior 
of systems containing water at temper- 
atures and pressures high enough to be 
comparable with those produced during 
igneous differentiation and also in the 
formation of metamorphic rocks, and 
they are of especial interest in that for 
the first time we have experimental 
results which directly illustrate the 
rather abstruse theory of critical phe- 
nomena in binary systems containing 
components of widely differing vola- 
tility. The conditions of these experi- 
ments are more drastic than those en- 
countered in steam boilers and super- 
heaters, but nevertheless the very 
considerable power of steam under these 
more drastic conditions to transport 
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ordinarily nonvolatile components will commercial use is capable of producing 
be paralleled by a smaller transport the deposits which so greatly impair the 
power per unit of steam at the lower efficiency of the turbines. Solubility 
pressures. However, when the enor- of nonvolatile materials in a com- 
mous quantity of water which passes pressed, highly heated gas or vapor is a 
through one of these turbines is con- real phenomenon of importance not only 
sidered, it will be evident that the pos- to the geologist, but also to the engineer 
sibility of transport of nonvolatile concerned with the efficient operation 
materials by steam at the pressures in of modern high-pressure power plants. 
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GENERAL DISCUSSION—ROUND-TABLE DISCUSSION ON THE 
| ACTION OF WATER VAPOR AT HIGH ts 
TEMPERATURE AND PRESSURE 


Mr. L. Drew Betz! (presented in 
written form)—It has been our ex- 
perience that at lower boiler pressures 
the chemical characteristics of the boiler 
water markedly affect steam purity and 
turbine blade deposits. The mechan- 
ism of such carry-over would correspond 
to Spillner’s “Mechanical Theory” (43).? 

There is a marked difference between 
the type of carry-over and turbine blade 
deposits developed at lower boiler pres- 
sures and those obtained at high 
pressures. It is realized that there is no 
sharp line of demarcation between “‘low 
pressure” and “high pressure.” How- 
ever, in this discussion we will employ 
an arbitrary value of 1000 psi. to mark 
the dividing between low pressure and 
high pressure. 

It is true that mechanical factors such 
as basic boiler design, influence of load 
changes, boiler rating, water level, etc., 
exert influence on steam purity. How- 
ever, at low boiler pressures the chemical 
characteristics of the boiler water are of 
equal importance. It has been our 
experience that the limiting chemical 
factor on the production of pure steam 
is usually the suspended solids content 
of the boiler water, in the form of calcium 
phosphate, calcium carbonate and mag- 
nesium hydroxide. Particularly when 
present with relatively high boiler water 
alkalinities, these suspended precipitates 
are the prime source of carry-over due 
to chemical sources. 


1 Member of Firm, W. H. & L. D. Betz, Philadelphia, Pa. 
? The boldface numbers i in parentheses refer to the re- 

ports and papers appearing in the bibliography appended 
© this discussion, see p. 1020. 
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Of these suspended precipitates nor- 
mally present in boiler water, calcium 
phosphate is the worst offender in the 
production of impure steam. The effect 
of calcium carbonate and magnesium 
hydroxide is less marked than the effect 
of calcium phosphate. 

Our own work, initially in the form of 
laboratory experiments, and later 
checked over a period of several years in 
actual plant operation, has indicated 
that it is possible to overcome the effect 
of these suspended precipitates in caus- 
ing carryover. Proper agents will effect 
agglomeration and adsorption of these 
suspended precipitates and will so con- 
dition the boiler-water sludge as to 
minimize if not eliminate the effect of 
this sludge on steam purity. Of the 
various sludge conditioners studied for 
this purpose we have found that reactive 
organic colloids possess to a marked 
degree the ability to prevent foam 
stabilization and carry-over of solids 
with the steam. This is accomplished 
by adsorption of the suspended pre- 
cipitates present in the boiler water and 
their natural tendency for stabilizing 
boiler water foam is thereby prevented. 
The use of an agent thereby as a sludge 
conditioner performs the dual function 
of minimizing the effect of these precipi- 
tates on entrainment of solids with the 
steam and, secondly, minimizes their 
tendency for adherence to the boiler 
heating surfaces. 

Numerous tests under plant conditions 
have shown it possible to increase boiler 
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100 per cent by the use of such a sludge 
conditioning agent. The procedure us- 
ually employed in such a study has been 
to record continuously the conductivity 
of the condensed steam from a boiler 
employing, for example, a straight in- 
organic phosphate treatment without 
organic sludge conditioner. Boiler water 
concentrations are gradually raised, 
through reduction in blow down, to the 
point where carry-over of solids with the 
steam becomes evident. Boiler-water 
concentrations are relieved by blow down 
and the process is repeated. In this 
manner, for the same operating condi- 
tions, the limiting solids concentration 
of the boiler water can be established 
with respect to carry-over. Under the 
same conditions, an organic sludge con- 
ditioner is then introduced to the boiler 
water in the proper quantities and with 
continuous recording of steam purity, 
concentrations are again raised to the 
point where carry-over becomes evident. 
While subject to considerable variation 
dependent upon the individual plant 
conditions at hand, it can be stated as a 
general rule that if the proper organic 
agent is chosen for the prevention of 
carry-over, boiler water solids concen- 
tration can usually be increased to a 
value double that which can be main- 
tained with inorganic treatment alone. 
In some cases, it has been possible to 
raise boiler water solids concentration 
to values in excess of 10,000 ppm. with a 
lower solids content of the steam than 
experienced with inorganic treatment 
alone at boiler water concentrations ap- 
proximating 3500 ppm. It has also been 
possible to maintain boiler water solids 
at such a high level that the limiting 
factor governing the solids content of 
the boiler water was not the purity of 
the steam but rather the high suspended 
solids content of the boiler water with 
the attendant possibility of baking 
sludge on the heating surfaces. = 


Studies in which the above results 
have been obtained have been run at 
boiler pressures below 1000 psi. In the 
examination of high-pressure operation 
where serious turbine blade deposition 
has resulted, boiler feedwater is almost 
invariably of such high quality and the 
boiler water of such low solids content 
that the known carry-over effect cannot 
be explained by the presence of the very 
small quantities of suspended precipi- 
tates such as calcium phosphate present 
in the boiler water. In plant tests at 
such pressure we have found that the 
application of sludge conditioning agents 
to the boiler water yields little or no 
effect on the solids content of the steam 
(already as low as 1.0 ppm. solids or 
less). In view of the proved results 
secured at low pressures with this same 
type of treatment, we have previously 
concluded that carry-over of solids at 
high boiler pressures is due to different 
causes than at low pressures and it is not 
curable by the same means. 
it well, therefore, that the carry-over of 
boiler water solids be considered as due 
to separate causes for low-pressure and 
high-pressure operation, and that the 
mechanism of such carry-over and means 
employed for its prevention be con- 
sidered in the light of the operating 
pressure under consideration. While in- 
ternal chemical treatment may prove to 
be the complete solution to a carry-over 
problem at the lower pressures, it is 
evident that the application of the same 
treatment to high-pressure operation is 
practically useless. 

Spillner’s theory (43) on the solvent 
action of high-pressure steam appears to 
offer a plausible explanation for condi- 
tions frequently found in operation. 
The solvent action of steam at high 
pressures may possibly be due to 


polymerization of the steam molecule 
H.O into a form such as (H20), which 
It is known 


is the form of water and ice. 
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(vapor density measurements) that at 
100 C. and one atmospheric pressure the 
vapor density of steam is too great for 
the molecular formula H2O and much too 
small for H,O2 It has been assumed 
that steam contains a mixture of HO 
with a few H,O2 molecules and that 
equilibrium condition for water vapor, 
H,O, = 2H,O, corresponds to 91 per 
cent of H,O molecules in the vicinity of 
100 C. (23). Increased polymerization 
of the steam molecule at high pressures 
could possibly result in formation of a 
molecule similar to that of water and 
thus explain the solvent action exerted. 

If Spillner’s theory is accepted, no 
apparent solution to the problem of 
carry-over in high-pressure operation is 
evident other than the maintenance of 
boiler water solids at as low a level as 
possible and this level is probably de- 
pendent on the purity of an evaporator 
distillate. Since there is no sharp line 
of demarcation between high and low 
pressure it is probable that an inter- 
mediate pressure range exists with some 
characteristics of both high and low- 
pressure operation. 

Despite the fact that silicic acid may 
not be well defined chemically, it would 
be of considerable value if the behavior 
of such compounds were investigated due 
to the predominance of silica in many 
turbine blade deposits. It is evident 
that, together with all other salts, the 
concentration of silica in the boiler water 
should be kept as low as possible. 

It is usual to employ conductivity as 
the means for measuring steam purity. 
It is also usual to accept a factor of 0.5 
to 0.6 ppm. solids per micromho of con- 
ductivity. However, silica present in 
condensed steam exhibits a lower con- 
ductivity per unit of solids than the 
other common salts carried over with 
the steam, gre in our ee we have 
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mately 0.8 ppm. silica as SiO: 
micromho of conductivity. 

Mr. B. O. BuckLanp.*—The deposits 
observed during turbine inspections may 
have a close relation to the phenomena 
Mr. Morey has described. I have seen 
tiny crystals of what looked like quartz 
lodged on the nozzle and bucket surfaces 
of a turbine and have often wondered 
how the silica could be deposited in that 
form from the steam. Perhaps it would 
be useful to describe these silica deposits, 
their appearance and physical charac- 
teristics, and their location in the 
turbine. 

Silica deposits are found in two forms: 
the sparkling silvery gray crystals, and 
the film or glassy form. Generally, the 
crystals are found in that part of the 
turbine steam path which lies between 
600 and 300 F., and the hard-film type 
in the region between 300 F. and the 
exhaust. The boundaries are not defi- 
nite, for scattered crystals have been 
seen as high as 750 to 800 F., and the 
crystal layers as low as 250 F. How- 
ever, I have never seen the crystals 
below the dew point in the turbine. The 
crystal type occurs in quantities ranging 
from only a few scattered crystals per 
blade to layers completely covering the 
surface and sometimes to layers # in. 
thick or more. Thicker deposits than 
#y in. are found, of course, but these 
heavy layers usually contain considerable 
amounts of other substances, principally 
sodium oxide. The scattered crystals 
can readily be detected by the sparkle 
which results when a flashlight is shone 
tangent to the blade surface. I should 
estimate that they are about 0.01 in. 
across. 

The film type, which is found from 
300 F. down through the wet region and 
all the way to the last stage of a condens- 
ing turbine, does not seem to be accom- 
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panied by any appreciable amount of 
sodium oxide, but the amount of iron 
oxide present increases rapidly as the 
exhaust is approached. The iron oxide 
content is probably responsible for the 
rusty hue which this deposit takes on in 
the latter stages. Rather surprising 
amounts of organic matter are also 
found in this type. C. Dantsizen has 
suggested that the organic content could 
be oily substances distilled over with the 
steam from the boiler and condensate 
system. 

A characteristic of all deposit seems 
to be its persistence in clinging thickest 
at the insides of the fluid turns, that is, 
on the convex surfaces of the blades and 
at other points of rapidly falling pressure. 
Often the concave surfaces are entirely 
clean while jg in. or more of deposit will 
exist in the convex surface of the nozzle 
throat. Where the gray crystal layer of 
silica occurs by itself, however, this 
characteristic is less marked. The 
sparkling layers also have another differ- 
ence in the manner of their occurrence, 
namely, they are found on the shell 
walls, the outside of the shroud bands, 
and on other surfaces not in the direct 
steam path. The thick layers which 
contain more soluble matter, however, 
occur only in the main steam path. 

The glassy deposits with high iron 
oxide content also seem to occur in more 
uniform layers or films than the deposit 
with soluble material. They occur pre- 
dominantly, however, on the convex 
surfaces of the blades. I would rather 
suppose the deposit occurs on the convex 
surfaces due to the fall in steam pressure 
than that it is due to a fall in temperature 
or to the thicker boundary layers exist- 
ing on these surfaces, for two reasons: 
first, the fall of temperature in the blade 
surface is probably small; and, second, 
ridges of deposit are found in thin 
boundary layer regions on partition noses 
at points of rapid pressure drop where 
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the stream divides in flowing around the 
partitions. 

Although I have observed silica of the 
film type in turbines of relatively low 
initial pressure, I have never seen the 
gray crystalline type in other than high- 
pressure turbines, and the number of 
silica deposits has increased greatly with 
the increased use of steam conditions of 
the order of 1200 psi. and 900 F. This 
fact then might be considered another 
characteristic of silica, namely, that it 
occurs frequently with high-pressure and 
high-temperature steam. 

The washing of turbines with con- 
densate removes little if any of the silica 
deposit. Turbines with silica deposit 
have been washed with sodium hydroxide 
and this procedure will probably be de- 
veloped into a usable technique. How- 
ever, the losses in capacity and efficiency 
due to deposit are costly and aggravat- 
ing and means for preventing the deposit 
would be much more desirable than 
means of cleaning. Perhaps until more 
convenient preventive measures are de- 
veloped, steps should be taken to reduce 
by a substantial amount the quantity 
of silica in the boiler. 

Mr. C. H. Fettows.*—Mr. Buckland 
has indicated very well the distribution 
of deposits in the turbine barrel. In the 
high-pressure group of wheels and noz- 
zles will be found, as a rule, deposits 
that tend to be soluble. In the next 
group of wheels will be found the more 
insoluble deposits. In some instances 
these contain more than 85 per cent 
silica. This entire subject came up for 
discussion at a meeting of the Power 
Division of the American Society of 
Mechanical Engineers held in Cleveland 
during the week of June 8. I have been 


asked to present a summary of the 
discussion at this meeting. 
It was the consensus that at the low- 
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pressure end of the turbine there are 
very few deposits. Perhaps the average 
person overlooks what few deposits 
actually exist in this location, whereas 
someone examining the blades critically, 
as Mr. Buckland has done, would discern 
deposits of a character that the other 
people overlook. 

The adverse effect of scale is not only 
the loss in efficiency, but also its effect 
on energy distribution resulting from 
abnormal flow conditions. Another fea- 
ture that was brought out in the discus- 
sion concerned the methods by which 
turbine blade deposits could be elimi- 
nated. Mention was made by several 
discussers of the use of sodium hydroxide 
to eliminate scale deposits or blade 
deposits. Just how sodium hydroxide 
has been used was not disclosed, but 
turbine manufacturers were quite em- 
phatic that sodium hydroxide was not 
desirable. Much to my surprise they 
considered the possibility of caustic 
embrittlement in the roots of the blades 
through use of sodium hydroxide. That 
is certainly putting caustic embrittle- 
ment in a new spot in the system. 

Silica deposits were reported where 
load losses were as high as 30 per cent 
in six weeks and a consensus is that 
washing with steam is not recommended 
unless absolutely necessary. The feeling 
was that the problem was one for the 
chemist and it was felt that, as Mr. 
Buckland stated, the amount of material 
carried by the steam vapor is of less 
significance than is the character of that 
material. Something must be done if 
we are to be relieved of this difficulty; 
the boiler water itself must be so treated 
that material carried over with the steam 
as a vapor or as solid particles are 
capable of passing right on to the turbine 
without adhering to the blades or 
nozzles. 

Mr. R. E. Hatt (presented in written 
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form).—The veritable epidemic of forma- 
tion in the turbine of deposits, especially 
silica, having their origin in boiler water 
salts has led to the speculation, and to 
some though not extensive investigation 
thereof, that the mechanism of transfer 
of these materials from the boiler water 
to the steam is by vaporization with the 
steam; or stated otherwise, by their 
solubility in the steam. 

It is logical to conclude that increased 
deposition in the turbines results from 
higher steam temperatures and _pres- 
sures, higher rates of heat absorption in 
boiler furnaces and an increasing prev- 
alency of base-load conditions, and is. 
not something now merely more com- 
monly recognized because of the growing 
demand for greater operating efficiency. 
While steam pressures are in general 
below that corresponding to the critical 
state of water (3206 psi.; 705 F.), steam 
temperatures both in superheater and 
turbine are well above. We believe 
the same can be said of the steam in the 
boiler, too, if we consider the individual 
steam bubble at its point of origin, in- 
stead of the over-all steam at the steam 
outlet. High temperature and pressure, 
the latter especially at high temperature, 
increase the concentration of mineral salt 
which the vapor phase, steam, can hold 
in solution. Since the relationship of 
solid and vapor that must exist in the 
region of critical conditions is a problem 
of tremendous interest to the geo- 
physicists, Mr. Morey (28) has been 
working in the difficult and unexplored 
field it represents. His presentation 
thereof opens to our minds the vista of 
its application to the problem of turbine 
deposition. Of particular interest is the 
fact that the class of salts whose solu- 
bility steadily increases with increase in 
temperature develops entirely different 
relationships as critical conditions are 
attained from those which arise with the 
class of salts whose solubility decreases 
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with increment of temperature and ap- 
_ proaches or reaches zero at the critical 
state of water. Other contributions to 
this field are not many; a few relating 
particularly to silica have been listed 
in the bibliography (37, 6, 41, 55, 3, 26). 
gt If boiler-water salts vaporize with the 

steam, the conclusion is inescapable that 
steam washers or baffles in the outlet 
drum cannot be wholly successful; nei- 
ther can any chemical treatment of the 
boiler water prevent this effect. Natu- 
rally the amount of material carried to 
the turbine may be strongly increased by 
mechanical carryover as conventionally 
defined, but the process of entrainment 
by vaporization must be given entirely 
separate consideration. It is apparent 
therefore that the present intense effort 
to accomplish mechanical separation of 
boiler water from outgoing steam must 
suffer no letdown; but added thereto 
must be procedure directed to combating 
~ the ill effects of transfer in vapor form. 

Our purpose in this discussion is to 
review briefly what facts have been es- 
' tablished and relate them in so far as 
-_- we can to the problem of turbine deposits 
confronts us. 
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_ CHARACTERISTICS OF TURBINE 
bbe Deposits 


Our attention will be directed to silica, 
and to the boiler-water salts such as 
sodium hydroxide, sodium chloride, sul- 
fate, or silicate, which may enter the 
steam either mechanically or by vapor- 
ization, and which in either event must 
undergo crystallization from solution in 
the formation of turbine deposits. We 
shall exclude such materials as calcium 
phosphate and magnesium silicate char- 
acteristic of the boiler sludge, and any 
incidental metallic oxide, or oil. 

Of these, all are soluble but silica, 
which in reality is a secondary com- 
ponent in that it r 


esults from changes 
7, 
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occurring in the primary sodium silicate. 
Because of their solubility, and the 
moisture in the turbine during the inter- 
val intervening between its shutting 
down and collection of the sample, their 
relative preponderance in the deposit 
cannot be accurately known. For in- 
stance, in the sample collected during 
the first minute of washing a turbine, 
M. D. Baker of the West Penn Power 
Co.,° found 62 per cent of sodium silicate, 
22.6 per cent of sodium sulfate; in the 
second minute, 64.2 and 25.4 per cent, 
respectively; while in a composite repre- 
senting the fifth to the tenth minute, the 
sodium silicate was 23.6 per cent and the 
sodium sulfate 61.1 per cent. Differ- 
ences in the dissolving rate of the sodium 
silicate and sulfate apparently caused 
these differences in their relative propor- 
tions as sampled. 

For analyses of individual turbine 
deposits, the reader is referred to the 
papers by Anderson (1), Southern Cali- 
fornia Edison Co., Ltd. (10), Duquesne 
Light Co. (9), Texas Power and Light 
Co. (8), Straub (50), Tray (53), Splitt- 
gerber (48), Goerke (12), and Hall (14). 
Sodium hydroxide, sodium carbonate, 
chloride, silicate, sulfate, and silica are 
reported in varying percentages. Splitt- 
gerber by diagram portrays the relative 
percentages present in the deposit from 
a turbine operating at 1800 psi. and 930 
F. The deposit from the second stage 
of the turbine is characterized by more 
than 80 per cent of sodium chloride, 3 
or 4 per cent water glass, and about 15 
per cent of sodium hydroxide. At the 
ninth stage the sodium silicate is 10 
per cent, sodium hydroxide is zero, 
sodium chloride 80 per cent and silica 
about 10 per cent. At the twenty- 
seventh stage of the turbine, silica alone 
is found. In general, the conclusion is 
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‘ definite that these soluble salts appear 
; in the deposits from the earlier stages of 
° the turbine but are largely or completely 
7 gone in later stages, being replaced by 


: insoluble silica. Whether this condition 
t in the latter stages is due to nonoccur- 
5. rence of deposition, or rather to its 
g removal because of enough moisture 
, present to effect this, cannot be stated. 
r According to Goerke (12), silica makes 
., its appearance in the turbine at an upper 
e temperature of approximately 535 F. 
t, Our observations show that it occurs in 
>. the form of quartz or amorphous silica 
1e as a function of the temperature and 
1e pressure. On an 18-stage machine, tur- 
r- bine throttle 730 F., between the eighth 
m row at 572 F., and the twelfth row at 
od 355 F., we noted that the heaviest silica 
r- deposit occurred on the tenth stage in 
the form of quartz. At the eleventh 
ne stage amorphous silica began to appear, 
he and on the twelfth, thirteenth, and four- 
li- teenth stages the silica was entirely in 
ne the amorphous form. In another tur- 
ht bine, at the ninth stage with a tempera- 
tt- ture of 396 F., the deposit was quartz, 
4). and at the twelfth stage with a tempera- 
te, ture of 233 F. was glassy, that is, 
amorphous. 
tt- Whether derived from the alkaline 
cd boiler water mechanically or by vaporiza- 
hd tion, certainly silica is present in the 
rare steam as sodium silicate and not SiQs. 
230 How the transformation from sodium 
age silicate to silica occurs is not yet recog- 
are nized. Splittgerber (46) shows how the 
, 3 equilibrium of sodium silicate with car- 
15S bon dioxide may represent a mechanism 
the for the formation of silica in the latter 
10 stages of the turbine, crediting this the- 
PTO, ory to M. Zimmerman and W. Wesley 
lica in 1930. If that is the case, then re- 
aty- moval of carbon dioxide from the steam 
lone ought to inhibit the breaking up of so- 
n is dium silicate into a soluble component— 


sodium hydroxide or sodium carbonate— 
and insoluble silica. A turbine would 
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then respond to washing merely with 
saturated steam in the case of any depo- 
sition on the blades, not requiring 
washing with sodium hydroxide which is 
being advocated to some extent at this 
time (12, 11), and which is necessitated 
by silica. 

Our experience indicates that reduc- 
tion of high carbon dioxide in the steam 
to very low values is of benefit, but that 
it is not a complete answer to the 
problem. 

On the other hand, within the range 
of temperatures (also pressures) char- 
acteristic of the turbines, varying ratios 
of SiOz to NazO in the boiler water may 
result in the formation of NaeSieOs, 
NaSiO;, and even SiOz. (25) in the 
turbine. Work on the complete ternary 
system H»O—NasSiOs—SiOz, which 
would give much information of value 
in this connection, has been started only _ 
by Morey (29), complete data not yet 
being available; the analogous system 
H2O—K2SiO;—SiOz was completed by 
him (27) a number of years ago, and 
indicates clearly the transformations 
that may occur. Thus, there is the 
definite possibility of direct deposition 
of silica in the turbine in the transforma- _ 
tions undergone by sodium silicate to 
establish equilibrium. Undoubtedly, 
similar equilibria governed the forma- 
tion of two very interesting deposits that 
we have examined in the course of our 
work, one containing 52.3 per cent of © 
silica, largely quartz, from the side wall 
tube of a boiler operating at 450 psi.; 
and the other from the dry pipe of a 
boiler operating at 125 psi., containing 
63 per cent of silica which the polarizing 
microscope indicates to be largely in the 
form of NaeSivO;. The X-ray pattern’ 
also shows lines which differentiate from 
quartz and metasilicate, and the signif- 
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icance of this is being studied at this time. 
So far as we know, this is the first in- 
stance in which this form of silica has 
been recognized in boiler-water work. 
The fact that the disilicate is less readily 
attacked by water (25) than Na»SiOs, 
and the limited moisture at the dry pipe 
to dissolve it, probably accounts for its 
discovery. 


How ARE SOLUBLE BoILER-WATER 
SALTS TRANSFERRED TO THE 
STEAM 


Mechanical Entrainment.—As steam is 
generated from the boiler water, the 
spray engendered in the process may be 
entrained thereby and carried along 
therewith. This is the ordinary me- 
chanical, conventional conception of 
carry-over. Whether considered to be 
foaming or priming, it is undoubtedly 
contributory to the impurities of the 
steam, regardless of what other processes 
also may be contributing thereto. To 
minimize it, various precautions are 
taken. Mechanically, these take the 
form of rather intricate baffling of the 
steam outlet. 

Stability and regulation of height of 
water level in the steam offtake drum and 
its variation with load changes on the 
boiler are primary factors in minimizing 
carry-over, as demonstrated in a recent 
study by Rivers and Hill (34) at one of 
the large steel plants by means of steam 
purity tests. In relation to their effect 
on carry-over, total solids, sludge, sa- 
ponifiable material, and alkalinity (30, 
11, 58) should be classified together for 
their common property of causing dis- 
turbance of the water level. Quiescence 
in the steam drum is a factor in prevent- 
ing carry-over, the study by Baker (2) 
on mechanical purification of steam illus- 
trating what may be accomplished 
thereby. As stated above, the efforts to 


boiler water from outgoing steam must 
suffer no letdown. 

Vaporization of Boiler-Water Salts — 
In 1933, on the basis of unpublished 
experiments of the Union of Large 
Boiler Owners, Lupberger (21) stated: 
“In experiments which extended up to 
120 atmospheres, and to a salt content 
of the boiler water of 10,000 mg. per 
liter it developed that the salt content 
of the type NaCl, NaOH, NaeSO, 
always amounted in the steam produced 
to some 2 to 3 mg. per liter independent 
of the boiler water level and of the loads. 
This amount of salt carries over, how- 
ever, not with moisture, but volatilizes 
as salt itself corresponding to the partial 
pressure of the salt. The origin of this 
salt makes precaution in the boiler 
ineffective. Naturally, through foam- 
ing, the amount may be strongly in- 
creased. The two processes are, how- 
ever, to be distinguished one from the 
other.” 

A little later Kleinhans (17) by calcu- 
lation using the partial pressure and 
solution laws concluded that appreciable 
quantities of sodium chloride would 
enter the steam by vaporization in high- 
pressure boiler operation. No experi- 
mental work was done, and both Splitt- 
gerber (44) and Spillner (43) criticized 
the results very severely on the basis of 
overextrapolation of the known vapor 
pressure of sodium chloride in a higher 
temperature range, and thus of making 
the calculations on values not satis- 
factorily supported by experimental 
measurements. Splittgerber states: 
“Kleinhans considers boiler water a 
dilute solution and accordingly accepts 
the validity of the Raoult law therefor. 
Actually in his derivation he must look 
upon the boiler water as a concentrated 
solution of very much water in a small 
amount of melted salt.” 

Next, Koch (18) also by calculation on 
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pressure laws derived amounts of sodium 
chloride and sodium hydroxide in steam 
by vaporization of a different order of 
greatness from those actually found, and 
concluded “‘ that the salt content in steam 
from boiler water cannot be the result of 
vaporization.” 

Spillner (43) attacked the problem 
experimentally, with carefully con- 
structed equipment, whereby super- 
heated steam of known purity was 
caused to pass at a slow rate over solid 
salt so that, if the salt would vaporize 
into it, or in other words, dissolve 
therein, saturation might occur. In 
other experiments, saturated steam was 
passed over salt solutions. The steam 
was condensed, and measurement made 
on the solution for the concentration of 
the salt in question. The pressure range 
covered was from 1138 to 3229 psi. with 
limited experimentation at 4551 psi. 
The temperature of the superheated 
steam was 765 F. Salts used were 
sodium chloride, potassium chloride, 
sodium hydroxide, and sodium sulfate. 
The experiments with sodium sulfate 
were considered unsatisfactory because 
sulfate-containing decomposition prod- 
ucts reacted to cause a high sulfate con- 
centration in the distillate. No work 
was done on silicates. He found differ- 
ing solubility in steam for the different 
salts NaCl, KCl, NaOH and NaSO,, 
and that solubility increases sharply with 
increasing pressure. A conclusion of 
particular interest is that the concentra- 
tion of salt in the steam is independent 
of the salt concentration in the boiler 
water. Spillner concludes that his re- 
sults prove vaporization of salts to be 
the true cause of the salt-transport by 
high-pressure steam. 

The data of Keevil (16), just recently 
available, throw some light on Spillner’s 
work. At a temperature of 705 F., 
the solubility of sodium chloride accord- 
ing to Schroeder (36) and co-workers is 


44.5 per cent and according to Keevil, a 
the vapor pressure of this solution is 


2100 psi. Thus, when Spillner passed 
superheated steam at 766 F. and the 
pressure range used in his experiments 

over solid sodium chloride, the sodium 
chloride was merely dissolved to form a PS f 
solution which would be in equilibrium ied 
with the steam. Thus, the plan to satu- 
rate the steam by bringing a 1k 
steam into contact with mee salt was 
sure to go amiss. 


was taken to the critical temperature 
and pressure of water withoutevidenceof 
any decomposition or chemical reaction, e. 2 
are not in agreement with Spillner. 

In our opinion, judgment on Spillner’s 
work must be held in abeyance for the 
present. 

While the paper by Cleve (7) is mainly 
a review, and accepts the 11 36 psi. 


which vaporization into the steam begins 
to supplant mechanical carry-over, it 
cites a very interesting example of the | 
effect of vaporization on the steamofa = 
Benson boiler in which the steam con- __ 
tained 2 mg. per kg. of salt content which 
was the same as the salt content of the 
feedwater. ‘This could not be explained — 
by foaming in the separatory drum, but | 
is explained on the assumption that the — 
solubility in the steam was equal to the 
very low salt content of 2 mg. per = 
of the feedwater. 
Finally, Splittgerber (46, 49) has 
reported on the work done by Sauer 
in distilling solutions containing from 
25 to 200 mg. per liter of silica at dif- 
ferent alkalinities, both alone and in 
the presence of sodium chloride, sodium 
sulfate and sodium phosphate. Dis- 
tillation was at pressures varying from 
750 to 2250 psi. and was at the rate 
of about 1 liter in 3 hr., thus representing 
very gentle boiling conditions. Meas- 
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urement showed a small amount of silica 
in the distillates, but on the basis of 
these figures Splittgerber concludes that, 
at least in most cases, increment of silica 
in the steam must occur not alone 
through vaporization of silica or silicate, 
but as well through mechanical carry- 
over. 

In all of the work cited, consideration 
is given only to the conception of the 
boiler water as a whole, therefore as a 
quite dilute solution. All experimental 
work has been conceived on that basis, 
special care being exercised to insure 
gentle boiling conditions and to avoid 
the extreme rates of heat absorption 
and steam bubble formation which char- 
acterize the evaporative tubes of the 
modern boiler. Partridge (32), however, 
has taught that as the steam bubble 
forms, its procreating water reaches 
supersaturation in the process, leaving a 
ring of solid deposited boiler-water salt 
in evidence. Nor is this all. Markson 
(22) and his co-workers have shown 
that a hot section representing steam 
blanketing or film boiling may occur 
even in vertical evaporative tubes, with 
normal conditions in the tube both 
before and after the hot spot. Thus, 
each steam bubble as it is generated will 
approach equilibrium, not with the over- 
all boiler water but rather with a strong 
solution resulting from evaporating the 
boiler water to saturation, even to super- 
saturation, and in contact with a tube 
surface at a temperature at least equal 
to that corresponding to the saturated 
steam, and in many instances higher. 
True, concentrations established in the 
steam bubble by the environment of 
these conditions may be changed to some 
extent in its passage to the steam out- 
let. Since, however, all steam bubbles 
will bear the imprint of these conditions, 
we feel confident that the over-all steam 
at the steam outlet will represent a 
product of the temperature and satura- 
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tion conditions existing at the point 
of formation of the individual bubbles 
rather than a product of the dilute over- 
all boiler water. We believe that any 
experimental work which will aptly 
duplicate boiler conditions must recog- 
nize these facts. Spillner’s statement 
that the concentration of salt in the 
steam is independent of thesalt concen- 
tration of the solution over wide limits, 
and Cleve’s statement in regard to the 
Benson boilers, are in harmony with 
these considerations. Furthermore, the 
development frequently in the evapora- 
tive sections of the boiler of quartz- 
containing deposits by the transforma- 
tion thereinto of sodium silicate in the 
boiler water is evidence of similitude of 
conditions in this region with those in 
the turbine where like transformations 
occur. 

If we look at the problem of vaporiza- 
tion of boiler water salts into the steam 
in this way, and especially with the per- 
spective of equilibria at critical tempera- 
tures and pressures as presented by Mr. 
Morey, the speculations in regard to 
transfer of boiler water salts into the 
steam by vaporization do not seem as 
farfetched as they do if we confine our 
thinking to the over-all dilute boiler 
water. 
How May DeEposiTION ON THE 

TURBINE BE AVOIDED? 


Pure steam generated from pure water 
is the obvious, but an impracticable 
answer. In some generating stations, 
an approach thereto is possible, and 
results have justified the procedure; in 
the great majority however, steam must 
be generated from waters containing 
varying amounts of dissolved salts. 

In this majority of plants, therefore, 
the primary defense against turbine 
deposition must be to prevent as far as 
possible, any carry-over of boiler water 
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in the steam. The means, as noted 
previously, are baffling of the steam out- 
let to provide complete separation of 
entrained boiler water from the steam; 
and, by control of water conditions, 
water level, etc., to hold to a minimum 
the amount of entrained water that 
must be separated from the steam by 
the baffles. 

But now, if vaporization of boiler- 
water salts is of appreciable amount, it 
represents a source of impurity in the 
steam against which both water condi- 
tioning and baffling are futile. Also, 
frequently, the primary defense is not 
impregnable; impurities slip through, 
small in amount usually, but destructive 
of turbine efficiency. 

Hence, an additional system of defense 
must be set up, namely, that of so adjust- 
ing the type of impurities in the steam 
that no condition of tackiness and hence 
of adherency to turbine blading will 
develop in the whole temperature range 
of the turbine. An alternative is to pre- 
vent formation of silica deposits, thus 
permitting simple washing of the turbine, 
or, in many instances, automatic wash- 
ing thereof by moisture conditions aris- 
ing through load changes or shutdowns. 

Tackiness has been widely held to be 
the cause of adherence to the blades, 
and sodium hydroxide has been assigned 
the role of principal offender. Anderson 
(1), one of the pioneers of high-pressure 
steam generation, pointed to the fact 
that the silicate deposit began in his 
turbine at about 600 F. which is approxi- 
mately the melting point of sodium 
hydroxide. In developing this idea, 
Straub (50) shows the extremely high 
concentration of sodium hydroxide in 
solution in equilibrium with superheated 
steam at the temperatures prevailing 
in the turbine (19). Tray (53), in agree- 
ment as to the part that sodium hy- 
droxide plays, adds that when sodium 
silicate is also carried in the steam, the 
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sodium oxide thereof adheres to the 
turbine blades exactly as does the so- 
dium oxide from the boiler water alka- 
linity and in the same temperature 
ranges. Goerke (12) concludes that the 
deposition of soluble salt in the turbine 
is due mainly to, the sodium hydroxide 
contained in the steam. Soderberg (42), 
commenting on Straub’s theory, brings 


in a little different thought stating: — 


“There is probably unanimity in the 


conclusion that scaling would not occur 
if the impurities remained as a dry dust. 
As the expansion proceeds to lower 
temperatures, however, it is entirely 


probable that other constituents than | 


sodium hydroxide become sticky and 
facilitate scaling. In addition, there is 
some possibility that some of the scale 


is deposited by crystallization ina man- 
ner similar to that occurring when boiler 


tubes are scaling.” 
that investigations in connection with 


Michel (24) notes — 


the Benson boiler found that sodium i: ; 
hydroxide was the principal offender, — 


especially in combination with silicate. 


Furthermore, in noting that salts, like 
alloys, form eutectic mixtures, he states: 
“Such salts carried over in solution from 
the boiler will lose partially or entirely — 
their moisture content inthe superheater. 
The remainder will pass through the 
superheater and into the turbine in a 
liquid state, either as droplets or as film 
on the superheater walls. The salt may — 
deposit on the turbine blades as soon 
as the temperature becomes low enough © 


for solidification to occur. 


Different 


deposits in different stages of the turbine ie a 
can be explained by the different melting 
points of the salt or salt mixtures passing  —__ 


through the turbine.” Buckland (4) 


brings in the application of negative- 
slope solubility curves stating: “The __ 
deposits would be expected to occur 


more thickly at points of rapid pressure 3 


drop, because the solubility of the salt | 
decreases with pressure.” Hall (13), 
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discussing Buckland’s paper, has em- 
phasized further the effect of negative 
and positive slopes of solubility curves 
on the equilibria that will be established 
in the superheater, and then reversed as 
the steam passes through the turbine. 
Also, on the basis of data obtained in the 
research project on boiler feed water and 
embrittlement carried out by the A.S. 
M.E. and other technical societies in 
collaboration with the U. S. Bureau of 
Mines, Schroeder and co-workers (36, 
35) have pointed out that the negative 
solubility curves of sodium sulfate and 
carbonate become positive at tempera- 
tures above approximately 500 F. in the 
presence of dissolved sodium hydroxide 
whose solubility curve is positive in 
slope. As the changes of equilibrium 
are quite complex with decreasing tem- 
perature and pressure in the turbine, it 
is not surprising that sodium sulfate and 
sodium carbonate should appear along 
with sodium chloride and sodium hy- 
droxide in the deposits therein. Sodium 
silicate as discussed earlier is a law unto 
itself. 

All seem agreed that if tackiness of 
the impurities in the steam can be 
avoided in their passage through the 
turbine, adherence will not occur. How 
shall this be accomplished? 

Straub (50) states: ‘Certain inorganic 
salts such as sulfate, chloride, and car- 
bonate if present in sufficient amount 
will prevent this fouling. If sodium 
sulfate is to be used to prevent turbine 
fouling, it must be present in amount 
greater than four or five times the actual 
sodium hydroxide present.” 

Tray (53) states: ‘‘It is evident that 
silica cannot exceed 2 per cent of the 
total solids if insoluble deposits are to be 
prevented.” 

Werner (56, 57, 45, 47) recommends 
appropriate treatment of feed and boiler 
water, to produce a salt mixture whose 
essential constituents do not meltin the 
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temperature range of the superheater, 
and that do not congeal in the tempera- 
ture range of steam expansion in the 
turbine, attaining this end by effective 
types and proportions of acids used to 
neutralize alkalinity in the water. Hold- 
ing down the sodium hydroxide content 
alone without consideration being given 
to appropriate mixture of other salts is 
not enough—it will in genera] merely 
lower the amount of the deposition of 
salt in the turbine. Werner proposes a 
number of acids for his purpose, among 
them phosphoric, sulfuric, and sulfurous. 

As to results from these different 
methods, difference of opinion exists. 
Buckland (4), for instance, recommends 
the Straub (50) procedure; Power Station 
Chemistry (33) reports a division of suc- 
cesses and failures. In application of 
the Tray (53) method, Splittgerber ob- 
tained no results. Wesley and Geisler 
(58) by severely lowering the caustic 
alkalinity in the boiler waters practically 
eliminated turbine deposition. Appar- 
ently the hydrothermal relationships of 
the customary boiler water salts in the 
superheater and turbine must be more 
thoroughly understood before the means 
of correcting the specific conditions of 
each plant can be chosen successfully. 

Many gaps in existing data must be 
filled in before the complete story of 
turbine deposition can be written. It 
is evident that further exact work on 
the fact and quantity of vaporization of 
boiler-water salts must bedone. Knowl- 
edge of the hydrothermal equilibria of 
boiler-water salts in superheater and 
turbine must be much expanded to per- 
mit any full solution of the problem 
involved. 

Mr. J. A. Hotmes® (presented inwrit- 
ten form).—The study of solids in steam 
in an effort to find the causes and meth- 
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er, ods for elimination of deposits is an 
Ta- important item for power plants today. 
the There is much to be learned about this 
ive subject, and the following observations 


to are given to contribute data to those 


Id- vitally interested in research on this 
ent subject. The observations are not pre- 
ven sented as facts but are rather impressions 
s is gained from plant operating experience 
‘ely and results obtained from watching the 
_ of action of small laboratory experimental 
Sa boilers. The following is presented in 
ong as near outline form as possible to facili- 
pus. tate presentation and discussion: 
I. How Are SoLips CARRIED OVER? 
nds 1. Mechanical carry-over or entrain- 
tion ment of boiler water in steam is most 
suc- prevalent at low pressures assuming 
1 of boiler construction is such that there is 
ob- not any jetting or syphoning action. 
isler Consequently, large steam space, baffles, 
istic or steam purifiers are of much help. 
cally 2. Solution carry-over (a term given by 
par- some for solids apparently dissolved or 
s of otherwise included intimately in the 
the steam) becomes increasingly prevalent 
nore as pressure increases; consequently, me- 
eans chanical separators at high pressures are 
is of of less advantage. Washing helps by 


y. concentration reduction, but does not 
necessarily entirely eliminate deposits. 

3. At what pressures do mechanical or 
It solution carry-over occur? 


. on Apparently the main transition point 
on. of is between 500 and 600 psi., although 
ow] - there is obviously a wide band of pressure 
ia of over which both types may occur de- 
and pendent also on construction or opera- 

| per- tion of the boiler and solids present in 
blem the boiler water. In experimental boil- 
ers, it is noted at about 500 psi. there is a 

writ- tendency for the water in the boiler to 
team quiet down with less ebullition of bubbles 
neth- in the steam generating tubes, and, as 
the pressure increases, there is more 

pS surface boiling or direct change of the 


water to vapor at the surface. The 


steam or vapor at the lower pressure is — 
transparent whereas the boiler water is 
nontransparent, while at higher pressures 
the steam is nontransparent and the 
water transparent. 

4, Which affects solid content of steam 
—pressure or temperatures? 

Pressure evidently plays an important 
factor for solids content of saturated 
steam leaving main part of boiler while 
temperature increase in the superheater 
may change character of solids and affect | 
their degree of stickiness. 


II. How anp IN WuHat Form ARE THE 
SoLtips DEPOSITED? 


1. Sulfate content of deposits usually 
decreases as pressure increases. + 

2. Silica content of deposits usually — 
increases as pressure increases. . 

3. Silica deposits vary from granular 
to smooth glossy coatings. 

4. Silica deposits are occasionally — 
found in highly hydrated form even _ 
though formed at high temperatures. 

5. Occasional high iron or copper con- 
tents in deposits that apparently are not _ 
from turbines or equipment after the 
boiler. 

6. Apparently more trouble is experi- 
enced with superheaters at low pressures 
and temperatures, the deposit containing __ 
large quantities of sodium chloride, sul- 
fate, carbonate, and hydrate or washable 

. As pressure and temperatures in- — 
jo tendency is for less deposits in 
superheaters and more in with 
increase in nonwashable materials. 


Ill. WHat Are EFFEcts OF DIFFERENT 
SOLIDS IN THE BOILER WATER? 


1. It is difficult at present time to 
correlate solids in boiler water with — 
deposits formed in superheaters or 
turbines. 

2. There is some slight evidence of 
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selective carry-over of certain solids but 
more evidence of selective deposition de- 
pending on temperatures, velocities, and 
equipment. 

3. High chlorides frequently have a 
depressing effect on carry-over—espe- 
cially at lower pressures. 

4. Magnesium precipitates apparently 
promote carry-over, especially that 
caused by foaming. 

5. High alkalinity is more effective in 
causing carry-over than sulfates or chlo- 
rides, but is not always the determining 
factor. 

6. Silica in steam increases as silica 
of boiler water increases. However, the 
silica content of the steam is not always 
the measure of amount of deposits that 
might form. 

7. There is some evidence that the 
ratio of alkaline solids to silica in the 
boiler water, and, consequently, in the 
steam, may affect the stickiness of the 
silica. Since deposits occur at some 
plants with an extremely low silica 
content and not at other plants with high 
silica, possibly the presence of other 
materials such as dry solids or carbon 
dioxide may affect the alkalinity-silica 
ratio and reduce stickiness. 

8. Finely divided suspended solids are 
more effective to promote carry-over 
at low pressures but evidently still have 
some effect at high pressures. 


IV. PREVENTION OF DEPOSITS 


(a) In general, Straub’s theories for 
prevention of deposits work out very 
well. 

(6) At lower pressures (say below 
700 psi.) total solids concentration con- 
trol of boiler water, use of baffles and 
purifiers and even antifoams help reduce 
solids in steam. To improve steam, con- 
centrate mainly on preventing mechani- 
cal carry-over. 

(c) At higher pressures washing helps 
as well as concentration control of 


boiler water solids. Until the deciding 
factor is known that causes stickiness 
or adherence, all solids in feedwater 
should be reduced to the lowest possible 
minimum. 

1. Pressure or temperature or a com- 
bination of the two apparently affects 
the manner in which solids are carried 
by steam, that is, mechanical or in 
solution. 

2. Concentration or amount of any one 
solid in boiler water or steam is not the 
deciding factor of whether deposits will 
form. 

3. Apparently some other deciding 
factor, such as ratio of the various ordi- 
nary boiler water solids to each other, 
determines stickiness of solids in steam. 

Mr. N. L. Mocuer.*—The building 
up of scale or salt deposits on the interior 
surfaces of steam turbines is of natural 
concern to the turbine builder. Any 
condition that lowers the efficiency or 
capacity of his product, or that may 
endanger its life, warrants his attention. 

Just what the turbine builder may do 
about the matter is a question. He has 
and is studying designs to see if any help 
may be forthcoming from thatangle. It 
does not appear that the selection of 
material of construction offers any great 
assistance. 

Although we have been informed of 
cases of undue accumulation, and opera- 
tors have discussed these problems with 
us, invariably the operator has found 
relief, or partial relief, or partial answer 
to the problem through cooperative 
study with the boiler manufacturer or 
the water-treating experts, and this 
would indicate that the ultimate solution 


V. CONCLUSIONS 


‘or understanding of the problem lies in 


that quarter. 


® Manager, Metallurgical Engineering, Westinghouse 
Electric and Manufacturing Co., Philadelphia, Pa. 
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Nevertheless, the turbine builder 
recognizes in this problem a matter for 
cooperative research, largely between 
the operator and all those agencies that 
supply the steam for the turbine, but one 
in which he would be willing to join in 
any helpful way. 

Mr. F. R. Owens” (presented in 
written form).—Spillner’s (43) investiga- 
tion of the behavior of certain pure 
inorganic salts in the pressure range of 
1138 to 4551 psi. revealed that water 
does not suddenly lose its solubility for 
salts in changing from the liquid to fluid 
state at the critical point. He also 
showed that the solubility of certain 
inorganic salts in steam increases with 
increasing pressure. 

General experience with high-pressure 
turbines, as Buckland (4) stated, finds 
depositions occurring to the greatest 
extent in regions of low pressure. 

We recognize the probable impossi- 
bility of establishing equilibrium with 
the salts in boiler water and steam, in 
practice. However, we believe that our 
study of a number of high-pressure in- 
stallations, in operation, does confirm 
some of Spillner’s and Buckland’s con- 
clusions. 

We believe the experience at one plant 
may contribute, at least in a small meas- 
ure, to this general discussion. This 
plant has been in operation for three 
years and during this period it has been 
necessary to wash the turbines periodi- 
cally. 

The boiler is designed for 925 psi. 
and a temperature of 830 F. and delivers 
steam to a Curtiss compound turbine. 
We find, about 30 to 36 hr. after washing 
the turbine, a slight drop in capacity 
which requires an increase in boiler 
pressure. This gradually increases to 
the sixth to eighth day, at which time 
the capacity drop increases sharply and 


> 1 Secretary, Cyrus William Rice and Co., Inc., Crafton, 
a. 
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continues so until a reduction in capacity 
of 33 to 3% per cent is reached. This 
usually occurs within a period of six to 
seven weeks. 

We find that during the first two days 
after washing the turbine the specific 
conductance of the saturated steam is 
of the order of 0.7 and 0.8 micromhos. 
The specific conductance then increases, 
as the pressure is increased, to maintain 
capacity, to a value which varies during 
the third to seventh week of 1.6 to 5.3 
micromhos. A reduction in load does 
not affect the specific conductance un- 
less it is sufficient to permit a reduction 
in pressure of 60 to 70 psi. 

Our test runs reveal that within the 
limits of 300 to 550 ppm. total dissolved 
solids there is no noticeable difference in 
specific conductance of the saturated 
steam at full load. The silica as SiOz, 
with the above total dissolved solid 
range, will vary from 9 to 13 ppm. 
Also, there is no difference in the time 
elapsed until washing is necessary upon 
a basis of a capacity drop of 34 to 3% 
per cent. Concentrations above 550 


ppm. total dissolved solids, and especially _ 


700 ppm. and higher, result in an in- 
crease in specific conductance of the 
saturated steam. 

We have maintained higher concen- 


trations of Na2SO,to conform toStraub’s _ 


(50) ratio without increasing the time 
between washings. 
ence is cited in our discussion (31) of 
Buckland’s paper on “Turbine Nozzle 
and Bucket Deposits.” 


We have found it possible to increase, — 


slightly, the time between washings by 
maintaining lower total alkalinities, the 
most favorable range being 110 to 140 
ppm. in terms of CaCO;. The pH would 


approximate 10.5 to 10.7 and the PO, — 4 


and total dissolved solids 40 to 45 and 
280 to 320, respectively. 


We encountered difficulty at the sub- — 


ject plant due to a dry area in one row 


An identical experi- 
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of tubes. This resulted in a large 
amount of magnetic oxide, both in sus- 
pension and adhering to the evaporating 
surfaces. Usually, after returning the 
boiler to service, and irrespective of 
whether it had or had not been drained, 
this suspension was quite heavy. We 
also find that as the suspended Fe;O, 
decreases the silica decreases. When 
the suspension is a maximum the silica 
in the boiler water approximated 37 to 
40 ppm. and gradually decreased to 9 to 
13 ppm. as the suspended iron oxide be- 
came negligible. 

Our observations show that in certain 
high-pressure installations using sea 
water for cooling no deposits are encount- 
ered in the turbines. At another plant 
with the same load, pressure, and tem- 
perature, but using fresh water for cool- 
ing, deposits do occur. We are now 
investigating the possibilities of the 
addition of magnesium and iron salts 
but the work has not progressed sufh- 
ciently to discuss the results at this time. 

We can summarize our observations 
as follows: 

1. Maintaninig Straub’s ratio of 
NaeSO, to NaOH does not, in all cases, 
eliminate turbine deposits at high pres- 
sures. 

2. The solubility of certain inorganic 
salts increases in saturated.steam as the 
pressure increases. 

3. There is a definite influence exerted 
by certain salts on the solubility of silica 
in steam in its generation at high 
pressures. 

4. This influence is not always the 
same in different installations of identical 
pressure and load and may be due to both 
a difference in chemical and physical 
environment. 

5. In the pressure range cited, there 
is mechanical entrainment as evidenced 
by the presence of FeO, on the turbine 
buckets. We suggest, therefore, the 
probable influence of dry areas in high- 


= 


pressure operation with respect to tur- 
bine nozzle and bucket deposits. 

Mr. J. B. Romer" (presented in written 
form) .—-Silica exists in natural waters in 
varying forms and amounts. In certain 
instances, the silica is present in sus- 
pended matter, but for the purpose of 
this discussion we are disregarding this 
form and confining our remarks to that 
silica which may be present either as a 
true solution of silica, or a silicate, or as 
a colloid. 

Silica has always been a constituent 
in boiler scales. However, its rise to 
prominence occurred only after various 
improvements in boiler station equip- 
ment and practice and in water treat- 
ment reduced the other troublesome 
materials to such a level that silica 
became a predominant percentage of the 
total troublesome material. 

During recent years, we have studied 
silica and silicate scales in boilers and 
turbines from a number of angles and 
have considered very carefully the the- 
ories advanced by various geologists and 
geophysicists regarding the formation of 
certain silicates as found in the earth’s 
crust. 

The principal thoughts gleaned from 
the literature and from conferences with 
various geologists indicate that under 
pressure hot aqueous solutions contain- 
ing silica and alumina are capable of 
forming complex silicates at relatively 
low concentrations of dissolved solids; 
further, that little metamorphism occurs 
under the action of dry heat. Instead, 
recrystallization and silicate formation 
are more dependent upon water solu- 
tions. It has been pointed out that 
compounds like aluminum silicate and 
hydroxides of iron are characteristically 
absorbent of many salts prior to trans- 
formation into crystalline compounds. 
In connection with the formation of 
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zeolites, it has been stated that the col- 
loidal silica and clay in the mud react 
with the ferric iron set free by oxidation 
and the precipitated gel of iron silicates 
absorbs potassium or sodium salts from 
the water. It is interesting to read the 
literature on the synthetic production 
of montmorillonite wherein it is shown 
that the ratio of the various ingredients 
added markedly affects the character of 
the complex silicates formed. By ad- 
justing the ratio of sodium and aluminum 
oxides and silica and heating to 572 F. 
with sufficient water to give a pressure of 
1280 psi. in a platinum crucible in a steel 
bomb, it was possible to produce analcite. 

Straub has published an article dealing 
with the synthetic production of analcite 
(49a) showing that he was able to 
produce a material having all the proper- 
ties of the natural analcite. 

It becomes quite evident after study- 
ing the literature that analcite formation 
is brought about by maintaining certain 
ratios between the alkali, alumina, and 
silica. That these conditions frequently 
exist in modern high-pressure boilers is 
evidenced by the fact that we frequently 
encounter analcite, and its elimination 
has been accomplished by changing the 
constituents present in the feed and 
boiler waters. 

In view of the belief that various 
members of the zeolite family have been 
formed as a result of hydrothermal con- 
ditions, it becomes quite possible to 
consider that the form in which silica is 
deposited on a turbine blade is controlled 
by the hydrothermal conditions. This 
leads us to the question: how does the 
silica reach the turbine? 

Spillner in his studies which led to the 
paper on ‘“‘High Pressure Steam as a 
Solvent” (43) has gone to great lengths 
in an effort to obtain fundamental data 
on this subject, and I consider that a 
great deal of credit is due Spillner for his 
painstaking e 
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Spillner’s paper shows that he has 
based his work on Dalton’s law and on 
the known fact that all substances exert 
a vapor pressure, the magnitude depend- 
ing upon temperature and the specific 
material. In most cases this vapor 
pressure below the melting point is of a 
very low order of magnitude and gen- 
erally it does not become of a high order 
of magnitude until the substance has 
been heated to some temperature be- 
tween its melting and boiling points. 
Spillner has made considerable point 
of the fact that Hannay and Hogarth (15) 
observed discoloration by bromine and 
iodine and certain halides of the vapor 
phase of alcohol when under pressure. 
These are elements and compounds all 
notable for their low melting points and 
high vapor pressures. 

While we are inclined to agree with 
the theoretical considerations which led 
Spillner to his final conclusions, we can- 
not agree that the practical operating 
experience with modern boilers in any 
way supports the final conclusions 
reached by him. 

We believe that one of the major 
causes for the difference ligs in the fact 
that he used superheated steam, whereas 
in boiler operation any carry-over of 
solid particles to the steam must occur 
at saturation temperatures as the steam 
traverses some distance after leaving 
the drum before entering the super- 
heater. In general our experience has 
indicated that the carry-over, in parts 
per million, falls in a narrow band when 
plotted against pressure, whereas Spill- 
ner shows it to be in the form of a 
curve rising very sharply with rise in 
pressure. This fundamental difference 


between Spillner’s work and our experi- 
ence is well illustrated by the following. 

During the past year the Babcock & 
Wilcox Co. has completed a survey of 


stations having 41 boilers 
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equipped with cyclone separators and 
steam scrubbers and having a total 
capacity of 17,600,000 lb. of steam per 
hr. at operating pressures from 700 to 
2400 psi. which have been in operation 
for various lengths of time up to 4 yr. 
This survey was conducted to obtain 
their operating experience with regard to 
turbine blade deposit and its effect on 
capacity and efficiency of the turbine 
units. 

In all of these plants, the range of 
solids carry-over in the steam was be- 
tween 0.3 and 0.7 ppm. as measured 
by the accepted conductivity method. 
For a given boiler, the solids carry-over 
in the steam would remain constant 
within a 0.1 ppm. regardless of the steam 
output from the boiler or the boiler 
water concentration within the limits 
covered during the tests which covered a 
wider range in every case than that 
experienced during regular operation. 

Eleven of these stations have not 
experienced any noticeable loss of ca- 
pacity or efficiency and do not wash 
the turbines. This indicates that the 
quantity and quality of the solids carry- 
over together, with their load schedules 
and designs are such that the deposits 
do not reach a stage where operating 
results are affected. 

Of the five remaining plants, one oper- 
ated for a period of 24 months before 
noticing any loss of capacity on the tur- 
bine. The turbine was washed in service 
and the capacity restored. This was a 
1400-psi. pressure unit operating with a 
boiler water concentration of 2000 ppm. 
Shortly thereafter the impulse stages 
were installed in the turbine and at the 
same time the boiler water concentration 
was reduced to 1100 to 1300 ppm. 
Since that time subsequent operation 
has shown no loss in capacity or efficiency 
and washing of the turbine has not been 
resorted to. In this particular case no 
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over in the steam was noted when the 
boiler water concentration was reduced 
from 2000 ppm. down to the lower 
figure. 

Another of these five stations which 
operated with 100 per cent make-up 
of water high in silica loses approxi- 
mately 3 per cent in capacity over a 
three-month period. This is restored by 
washing the turbine in service on a 
Sunday every three months. No insolu- 
ble deposit which affects capacity or 
efficiency is experienced. 

Another of these five plants which 
has a solids carry-over of 0.4 ppm. 
experiences a 7 per cent increase in the 
first stage pressure of the high-pressure 
unit over a 60-day period. The stage 
pressure is brought back to normal at 
the end of this operating period by 
dropping the steam temperature from 
900 F. down to 750 F. for 2 to 3 hr: 
No insoluble deposit which affects oper- 
ating results has been experienced. 

In the remaining two plants a gradual 
loss of efficiency was experienced over an 
operating period of 1 yr. and examination 
of the turbines showed insoluble silica 
deposits. 

Mr. F. G. Straus.“—About 10 yr. 
ago we were asked to make a study of 
the problem of turbine blade deposits. 
This was due primarily to the occurrence 
of deposits in the turbines in the plants 
of our sponsoring companies. 

At that time, with the cooperation of 
the Prime Movers Committee of the 
Edison Electric Institute, we obtained 
a large amount of data relative to the 
type and composition of many turbine 
blade deposits. Luckily for us we were 
able to divide the type of blade deposits 
into two classes, water soluble and 
water insoluble, the insoluble type being 
mainly high-silica material. Rather for- 
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tunately for us, the type of deposits 
which was occurring at that time in the 
turbines of the plants of our sponsoring 
company was of the water-soluble type. 

We built a small boiler in which we 
generated steam, contaminated the 
steam with various chemicals, super- 
heated the steam and passed it over a 
stationary turbine blade. We found 
salts which would cause appreciable 
deposits, and salts and a combination of 
salts which would not. At that time, we 
found that a high sulfate to alkalinity 
ratio in the boiler water appeared to 
prevent deposits in our laboratory work. 
We applied this type of treatment to 
several plants in the Chicago area and 
obtained favorable results. 

We were able to divide the type of 
deposits into water soluble and insoluble, 
and at that time we said that we were 
interested only in the water-soluble type 
and sidestepped what is now the major 
problem of the blade deposits. About 
2 yr. ago, our sponsoring companies 
again raised the question of preventing 
turbine blade deposits. I do not think 
it was primarily due to the fact that 
they were having trouble, but that they 
were seeing other plants in trouble, 
and since they were contemplating going 
to higher pressures, they wanted to 
prevent any occurrence of trouble in 
the future. 

We started the new investigation 
about 2 yr. ago with the idea of extend- 
ing our previous work which had ter- 
minated at 600 psi. pressure and 700 F. 
to the critical pressure and 1000 F. 
We built a small laboratory boiler similar 
to what we had done before. About the 
time we were starting this work we 
happened to run across the publication 
by Spillner (43). In this article he 
stated that there was a definite solu- 
bility of various salts in steam at high 
pressures. 
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very good piece of work, I believe it 
has delayed our work more than it has 
aided us, since we have not been able to 
reproduce Spillner’s results. At 2000 
to 2400 psi. pressure we have not been 
able to obtain a salt concentration in 
saturated steam much greater than 1 
ppm., and most of the time it is in the 
order of tenths of a part per million. 

We hesitate to pass over a piece of 
work of the nature that has been done 
by Spillner and say that it is wrong 
without discovering the fundamental 
cause of the difference between his 
and our results. We have not been 
able to answer this question to date. I 
believe, however, that in the past few 
weeks we seem to have an indication 
that the main reason for the difference 
appears to be in the fact that undoubt- 
edly Spillner, though he reported results 
of both superheated and saturated steam, 
had superheated steam in both instances. 
If this was so, he would have super- 
heated steam in contact with solid salt 
which had formed on his purifying plates 
and would obtain the equilibrium condi- 
tion existing between the solid salt and 
superheated steam. With saturated 
steam in contact with a dilute solution 
of salt the solubility of the salt in the 
steam will be much lower. We are 
continuing the research to obtain further 
solubility data. It is possible that his 
saturated steam was superheated. 

I should like to take this opportunity 
to bring one fact to your attention. I 
have been trying to sell this idea for the 
past 10 yr. to the power plant operators, 
and apparently I am not a good sales- 
man. When we did our early work on 
turbine blade deposits, we developed a 
small test unit that we installed in the 
power plant. It involved nothing but 
an orifice and a couple of stationary 
blades, and we took a small sample of 


steam of the turbine and 
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passed it over these turbine blades under 
definite pressure and temperature con- 
trol. At frequent intervals we removed 
these blades and examined them for 
deposits. 

In several plants we were able to 
make a study of the blade deposits and 
show a definite deposit in periods of 50 
or 75 hr. of operation. I believe that it 
would pay for the operators to devise 
some kind of small test unit of this type 
which could take steam from various 
stages of their turbines (particularly 
from the stages in which they are having 
trouble) and pass it through an orifice, 
impinge on a blade, and in a short period 
of operation see whether they are having 
trouble or not. If they are, they can 
then make a study of the conditions and 
see whether they can eliminate the 
trouble. 

Messrs. S. E. Tray® anp C. E. 
ImHorF™ (presented in written form).— 

The occurrence of chemical deposits 
on turbine blading is one of the major 
problems encountered in the generation 
of power from steam. More particularly, 
this problem manifests itself in super- 
imposed turbines and high back-pressure 
turbines both in central stations and 
industrial plants. The effect on turbine 
efficiency and over-all economy is more 
pronounced with these units than with 
straight condensing turbines. Opera- 
tion on the distilled water cycle of a 
central station, as contrasted with the 
high make-up requirements of industrial 
plants supplying process steam, does not 
appear to reduce the tendency for these 
deposits to accumulate. 

The boiler manufacturers have ap- 
proached the problem of producing clean 
steam from the standpoint of reducing 
the amount of solids carried over in the 
steam. Considerable progress has been 
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made in this direction through the 
medium of steam washers, baffles, screens 
and other mechanical devices. Steam 
with a solids content of the order of 1 
ppm. or less is readily obtained in com- 
mercial operation. That this has not 
eliminated turbine blade deposits is an 
indication that the nature of the solids 
in the steam, rather than the amount 
present, is the important consideration. 
A study of various deposits actually 
encountered in superheaters and_tur- 
bines leads to the conclusion that me- 
chanical carry-over, except in certain 
instances, cannot be the sole explanation. 


Occurrence of Deposits: 


Chemical deposits occur in super- 
heaters and in turbines throughout the 
entire range of superheated steam tem- 
perature. They are not found below 
the dew point in the turbine. They 
may be classified as soluble or insoluble 
deposits depending on whether they may 
be washed off the turbine blades with 
saturated steam. The chemical com- 
position of the deposits varies according 
to the temperature zone in which they 
are laid down. The prevalence of one 
compound over another in blade deposits 
has been considered by some to indicate 
preferential carry-over from the boiler. 
Actually this may result from the con- 
centration of certain boiler water salts 
in foam bubbles due to the effect of 
surface tension. 

In the study of turbine blade deposits, 
the authors have obtained considerable 
data from X-ray diffraction studies of a 
large number of samples. It is note- 
worthy that in practically all cases 
these deposits are crystalline and have a 
definite crystal structure. From this 
evidence, which includes a study of 
crystal size, there can be no question 
but that the deposits were formed by 
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where they were found on the turbine 
blades. The inference follows naturally 
that the salts were originally dissolved 
in the steam and came out of solution 
when the steam became supersaturated 
with respect to a particular salt. The 
accompanying Table I shows the tem- 
perature range in which various salts 
have deposited in superheaters and 
turbines. It is suggested that these 
follow the order of solubility of the 


salts in superheated steam. 


Crystal Formation: wet 


The presence of odetalie in turbine 
blade deposits leads to a consideration 
of the mechanism of crystal growth. 
Thermodynamically, there are a number 
TABLE I—TEMPERATURE RANGE IN WHICH 

VARIOUS SALTS HAVE DEPOSITED IN 
SUPERHEATERS AND TURBINES. 
Sodium sulfate (Na:SO.) 900 to 700 F. 


Sodium chloride (NaCl)..................... 700 to 600 F. 
Sodium hydroxide (NaOH)................. 600 to 550 F. 
Sodium carbonate (NaxCOs)................. 600 to 529 F. 
Sodium silicate (NavO - XSiOz)............. 600 to 550 F. 
Silicate (quartz) (SiOz)...................4. 550 to 450 F. 


of phenomena which play a part in the 
birth of a crystal from a solution phase. 
Every change in phase is accompanied 
by changes in thermal energy. Crystals 
forming from any solution must pass 
through energy phases corresponding to 
heat of dilution, heat of solution, surface 
tension and interfacial tension between 
liquid and solid. Factors governing 
crystal formation and growth are in- 
dependent of whether growth proceeds 
from the vapor, molten or solution 
state. The two essential conditions 
necessary for crystal formation are: (1) 
the existence of a supersaturated solu- 
tion, and (2) the presence of nuclei or 
seed crystals. Supersaturation refers 
to the condition existing when a sub- 
stance has exceeded its normal solu- 
bility concentration. Such a system is 
under great internal stress and strives 
toward a lower state of energy. The 
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avenue for relieving this energy is 
through crystallization, but nuclei are 
needed to initiate the crystallization. 
Nuclei or seed crystals need not be 
identical with the substance in the 
supersaturated solution but may be 

closely isomorphous, isostructural or of 
the same nature and still have the power 
to induce crystallization. In the case of — 
turbine deposits, microscopic irregulari- 
ties on the surface of the blades may — 


serve as nuclei for crystallization or as 


_ points for initial crystallization. 


Prevention of Deposits: 


In general, the theory of the solubility 
of boiler water salts in steam can very 
well account for the crystallization of 
turbine blade deposits as they have been © 
observed to occur. Such deposits are 
most likely to be prevented by main- | 
taining the salt content of the saturated _ 
steam from the boiler below the solu- 
bility of the various salts at turbine 
temperatures. Prevention by influenc- _ 
ing crystal habit or using surface action © 
is not promising. To beeffective, surface 
active agents should be adsorbed strongly 
by all the salts present in turbine de-— { 
posits. This seems unlikely in view of 
the high degree of specificity of most a 
adsorbents and adsorbates. as 

A method of preventing turbine de- 
posits by manipulating the ratios of 
salts in the boiler water has little support 
from the rules of crystallization. Straub 
(50) has suggested and Buckland (4) has ag 
reported specifically on the successful 
elimination of turbine blade deposits in a 
central, station by maintaining certain 
ratios of NasSO, to NaOH. In view 
of the failure of this method to produce | 
results in several other instances, it is aie 
suggested that the successful results 
were accomplished by influencing crystal 
growth in some manner not readily 
apparent. 

‘ Supersaturation cannot be influenced 
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unless certain of the salts are mutually 
soluble and produce an eutectic whose 
melting point is either higher or lower 
than the temperature range of the 
turbine. No such required solubilities 
are known to exist. Silica and sodium 
hydroxide are somewhat mutually solu- 
ble, but pure sodium hydroxide and pure 
silica are found to crystallize out in 
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Insoluble Blade Deposits: 


A large percentage of the insoluble 
turbine blade deposits are composed of 
alpha quartz. Those composed of so- 
dium silicate are water soluble and 
susceptible to removal by washing with 
saturated steam. Since blade deposits 
crystallize out of a solution phase, the 
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overlapping temperature zones within 
the turbine. Various ratios of silica 
and sodium hydroxide, therefore, do not 
shift the primary deposition zones. 
Sodium sulfate is not capable of chang- 
ing the crystal habits of any salts 
normally found on turbine blades, and 
there is the further objection that 
attempts to increase sulfate may result 
insuperheaterdeposits. = 


Per cent by Weight, Si02 
Fic. 1.—Kracek’s Equilibrium Diagram of the System Na,0-SiO2. 


various components should be present 
according to equilibrium conditions. 
If this is true, then the composition of the 
various phases present can be predicted 
by equilibria diagrams. A study of the 
system — as described by 
Kracek (20) leads to some interesting 
conclusions. |The components of the 
system as indicated in the accompanying 

Fig. 1 are NagO, NaSiOy, NaSiOs, 
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NaeSigOs and SiO». The ratios of Na,O 
to SiO, determine what components 
are in equilibrium. The accompanying 
Table II shows the stable components 
which exist. 

This table indicates that quartz cannot 
be formed if the Si02 — Na, ratio is 
less than 0.67. In terms of sodium 
hydroxide and silica, the NaOH — SiO, 
ratio is 1.92. The inference follows that 
blade deposits in which the sodium 
hydroxide content is at least twice the 
silica are water soluble. Translating 
this to boiler water analyses, quartz 
will be formed on turbine blades if 
carry-over takes place from a_ boiler 
water in which the sodium hydroxide 
content is less than twice the soluble 


TABLE II.—STABLE COMPONENTS. 


SiOz in System 
a20-SiOe, per 


Phases Present 
cent by weight 


Oto 33 
33 to 49 
49 to 66 
66 to 100 


Na2O and NasSiO; 
NasSiOx and Na2SiO; 
Na2SiO: and Na2Si20s | 
NazSicOs and Quartz 


silica content. The converse is not true, 
because there is some evidence to sup- 
port the thought that silica and sodium 
hydroxide do not carry-over in the steam 
in the same ratio as they exist in boiler 
water. A study of the NaOH — SiO, 
ratios of boiler water and steam in plants 
experiencing both soluble and insoluble 
turbine blade deposits will be necessary 
to determine the practical utility of this 
theoretical ratio. Some modification of 
Kracek’s diagram is probably required 
in order to be applied to the composition 
of turbine blade deposits. This is due 
first of all to the fact that equilibrium 
conditions may not have been attained 
at the blade surface, and, secondly, the 
high partial pressure of steam may cause 
hydrated salts to be the stable phases, 
instead of the anhydrous salts indicated 
in the diagram. 


GENERAL DISCUSSION 


Surface of Tension: 


Surface tension of boiler water is 


seldom mentioned in connection with _ 


turbine blade deposits in spite of their 
obvious relationship. Detergents such 
as sodium hydroxide, sodium phosphate 
and sodium silicate have an appreciable 
effect in reducing surface tension. A 
liquid in which the surface tension is 
reduced is prone to foam, especially 
with foam stabilizers present. 

Gibb’s adsorption law states that if a 
substance lowers the surface tension, 
that substance becomes more concen- 
trated at the interface. In a boiler, a 
lowering of surface tension promotes a 
certain amount of foaming. The surface 
tension reducing agents are more con- 


centrated in the foam bubbles than in 


the main body of boiler water. The 
composition of the carry-over, therefore, 
will be more like the composition of the 
foam bubbles than of the boiler water. 
In this manner, the apparent preferential 


carry-over of certain boiler water salts 


can be explained. Further study is 
required on methods of determining the 
concentration of individual boiler water 
salts in steam. Total dissolved solids 


can be determined quite readily by con- _ 
ductivity methods, but micro methods _ 


will have to be applied to the determina- 
tion of individual salts. Some progress 
has already been made in this direction 
by the development of a method for the 


determination of silica in steam down Eo 


to a concentration of 0.02 ppm. 


Type of Deposits: 


A number of crystalline constituents 
have been identified in turbine blade 


deposits. 
water. 


carbonate and phosphate. 
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water which was apparently carried 
over mechanically rather than being 
dissolved in the steam. The obvious 
explanation is that these types of deposits 
result from an actual priming condition 
in which slugs of boiler water are lifted 
over to the turbine. 

Silica is found both as soluble sodium 
silicate and as insoluble quartz. In the 
case of soluble silica, it has thus far 
not been possible to identify by X-ray 
methods any of the silicates which 
normally would be expected to form. 
Nevertheless, since many silica deposits 
are actually water soluble, it must be 
assumed that they exist as one of the 
several salts of silicic acid. Quartz has 
been found as a soft powdery deposit as 
well as a hard glass-like substance. 
The X-ray patterns of both forms are 
identical and they are equally insoluble 
in water. Their physical characteristics, 
however, are much different but thus 
far there has been no explanation to 
account for this difference. One in- 
stance of amorphous silica deposits has 
been noted in a turbine operating at 1400 
psi. Further study is being made of the 
conditions accompanying the formation 
of this type of silica deposit on turbine 
blading. 


Removal of Turbine Blade Deposits: 


Any discussion of turbine blade de- 
posits involves the question of removing 
these deposits. Normally, soluble de- 
posits have been washed away with 
saturated steam or by soaking with 
water, while insoluble deposits are re- 
moved by sand blasting or scraping with 
the cover lifted and the turbine out of 
service. As further proof of the solu- 
bility of boiler-water salts in superheated 
steam, the authors have developed an 
interesting application of the theory for 
the removal of turbine blade deposits 
without interfering with normal turbine 


As has been previously indicated, the 
various boiler-water salts deposit in the 
turbine in the order of their solubility in 
steam. Accordingly, sodium sulfate 
which is found in the highest temperature 
zone, is the least soluble in steam. In 
the same manner, silica in the form of 
alpha quartz is found in the lowest 
temperature zone above the dew point, 
and hence is the most soluble in steam. 
With this conception in mind, it is at 
once apparent that if the temperature 
at any particular stage in the turbine 
can be raised above the solution point 
of the salt deposited at that stage, then 
the salt will redissolve in the higher 
temperature steam. With this method, 
sodium sulfate, because of its low solu- 
bility in steam, should be difficult to 
remove, while quartz should be readily 
dissolved due to its higher solubility. 
Fortunately sodium sulfate is seldom 
found in turbines to any extent, while 
silica in the form of quartz is quite 
prevalent and is the most difficult to 
remove by ordinary methods. 

Experience with the practical appli- 
cation of this method of removing turbine 
deposits has been very satisfactory dur- 
ing the past year. One case of interest 
is an 800 psi., 800 F. topping turbine 
installed in a plant with other similar 
units, all operating under the same steam 
conditions. The turbine is a 16-stage 
machine exhausting at 235 psi. and 
550 F. The turbine is equipped with a 
by-pass valve which permits the in- 
troduction of steam at throttle tempera- 
ture to the third inlet valve following 
the sixth stage. When deposits were 
found to be limiting the capacity of the 
turbine, it was determined that they 
were present on the last four stages. 
They were also found to be of a soluble 
nature, low in silica, and composed of a 
mixture of boiler water salts. The 
accompanying Fig. 2 shows the tempera- 
ture curve of the turbine for normal 
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Fic. 2.—Effect of By-Pass Valve on Turbine Temperatures, 800 psi., 800 F., 240 psi. 
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operation and the effect of opening the 
by-pass valve on the temperature. All 
of the last four stages were raised to a 
temperature above 600 F. since the 
exhaust temperature was approximately 
615 F. With this increase in tem- 
perature, the deposits were dissolved in 
the steam and the blades returned to 
their clean condition as was evidenced 
by an increase in capacity and a decrease 
in stage pressures. It is now the prac- 
tice to open the by-pass valve for a few 
minutes each day, thus maintaining the 
turbine in a clean condition at all times. 
Other turbines in the plant using the 
same steam, but without means of 
increasing the temperature at the ex- 
haust, continue to foul and require 
washing periodically with saturated 
steam at reduced loads. 

In the case of insoluble silica deposits, 
the same effect has been obtained. A 
650 psi., 700 F. turbine has 42 stages and 
exhausts at 130 psi., 435 F. Soluble 
deposits, principally sodium chloride, 
are formed from the twenty-fifth to the 
thirty-ninth stage. The last three 
stages have a deposit composed of 
85 percent silica as alpha quartz. In- 
creasing the temperature of the exhaust 
to about 610 F. by operating at no load 
for several hours removes these deposits 
by dissolving them in the superheated 
steam. The accompanying Fig. 3 
shows the temperature curves for this 
unit under normal and no-load operation. 

This method is limited in its applica- 
tion to some extent by the maximum 
temperature allowed on the equipment 
following a back-pressure turbine. If 
low-pressure turbines are operated on 
the exhaust steam from the topping 
unit, a slight increase in steam tempera- 
ture is of little consequence. If the 
exhaust steam is used in process, how- 
ever, the equipment may not be designed 
for the higher temperatures that may 
result. In such cases, particularly 


when operating at no-load, the turbine 
may be permitted to exhaust to at- 
mosphere for short periods necessary to 
maintain clean blade surfaces. No difh- 
culty will generally be experienced in 
applying this process to condensing 
turbines, if due regard is given for 
temperature increases throughout the 
machine. 

The removal of turbine blade deposits 
with superheated steam substantiates 
the theory of the solubility of these salts 
in steam. While of interest to the 
operator, such a process is, at best, only 
a remedy and nota cure. The problem 
still remains of preventing such deposits 
from occurring by application of the 
knowledge gained from a further study 
of the solvent action of water vapor. 
More fundamental data on solubilities 
are required in the temperature and 
pressure ranges normally encountered in 
power plant operation. A study of the 
solid phases of the various salts present 
in steam would be helpful, as well as 
equilibria studies of those salts which 
are mutually soluble. With this infor- 
mation at hand, together with a thorough 
understanding of the physical chemistry 
involved, it is entirely conceivable that 
a means of completely preventing turbine 
deposits can be developed. The problem 
warrants continued investigation and 
the best efforts of chemists and physicists 
alike. 

Mr. H. C. Mriter.'*—I should like to 
inquire what is being done on this 
problem in the way of any organized 
effort. As a member of the Edison 
Electric Institute, which represents possi- 
bly about the largest organized group 
of power users in the country, this 
problem is of extreme interest to us, 
and in order to do something about it, 
the Power Station Chemistry Sub- 
committee of that group has been work- 


4 Chemical Division Chief, Testing Lahemtery, Public 
Service Electric and Gas Co., Maplewood, } 
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ne ing for the past two or three years on 
at- the development of a very comprehen- 
to sive questionnaire. This questionnaire 
ffhi- is designed to get some of the case 
in history on this very important subject, 
ng and, to give you an idea of its scope, 
for comprises somewhere between 12 and 
the 14 double-sized typewritten pages. It 
is being sent to 50 member companies 
sits of the Edison Institute. 
tes The type of information asked for 
its not only deals with chemical aspects of 
the water in both the fluid and gaseous 
nly state but also goes quite extensively in- 
em to some of the mechanical aspects of the 
sits problem. Because of its scope and the 
the huge amount of data which we know will 
idy be accumulated, no conclusions will 
0r.. probably be available for quite a long 
ties time. Nor do we have any hope that 
and we shall arrive at any immediate solu- 
1 in tion or any formula that will be uni- 
the versally helpful. 
sent We do hope that we will have found 
| as out some of the common conditions 
nich that contribute to carry-over and 
for- possibly narrow down to a certain extent 
ugh the range of temperature and pressure 
stry which includes the more extreme cases. 
that Mr. M. D. Baxer.™—Mr. Morey’s 
bine paper incites various thoughts concern- 
lem ing steam quality, especially regarding 
and the possibility of eliminating that portion 
cists of the carry-over that causes silica 
deposition on the turbine blades. Until 
<e to recently, carry-over in steam was con- 
this sidered entirely as mechanical entrain- 
ized ment, but with the advent of several 
lison papers, such as Spillner’s (43), the 
anvall thought of inorganic chemicals being 
roup carried over in the form of vapor has 
this been presented. In the study to de- 
dons termine in what form the boiler water 
chemicals are conveyed out of the 
ef boiler, this discussion is offered. The 
vork- 4 
data presented are based on steam 
Public 


8 Chief Chemist, West Penn Power Co., Springdale, Pa. 
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quality tests, turbine washings, and 
analyses of turbine blade deposits. 

The boilers at Springdale Station and 
the method used for determining steam 
quality have been published (2). With 
boiler drum pressures of 1350 psi. and 
boiler water concentration of 2000 ppm., 
steam is delivered during normal opera- 
tion having 0.25 ppm. or less con- 
centration. As 1,400,000 lb. of steam 
pass through the high-pressure turbine 


TABLE eg OF DEPOSITS REMOVED 
OM TURBINE BLADES. 


Sample No. 
3, collected 
5th and 
10th min. 


collected 
ist min. 


collected 
2nd. min. 


Percentage of Total 
| Percentage of Total 


| Percentage of Total 


Total solids........ 
Suspended solids. . 
Dissolved solids... . 
Analysis of dis- 
solved solids: 
Silica.......... 
Iron and alumi- 
num oxides, 
. . 
Calcium, Ca.... 
Magnesium, Mg.. 
Phosphate, PO, 
Sulfate, SO,.... 
Chloride, Cl. .... 
Hydroxide, OH... 


each hour, this concentration means 
that 7.8 lb. of material are carried to 
the turbine each day. The retention 
of a small portion of this amount would 
soon affect the efficiency of the unit. 
Sufficient material was retained onthe 
spindle of the high-pressure turbine to 
cause a 10 per cent decrease in capacity, f 
so the turbine was washed with satu- 
rated steam in August, 1940. The wash- 
ing was made with 350-psi. steam at 
saturation temperature. While reducing 
the superheat, the condensate of the 
steam passing through the turbine con- 


| 
j 
i 
| 
seek 
La 
30.50) 4 885 |31.58) 256 11.59 
| 
0.52) 49 0.32) 149\6.74 
| 
2.32) 345 | 2.23) 99/448 
15.46, 2658 |17.18) 912 |41.30 
3.87, 100 | 0.65) 8/|0.36 
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tained less than 1.0 ppm. solids. When 
saturation temperature was reached, 
the concentration of the condensate 
increased to 9930 ppm. the first minute, 
17,300 ppm. the second minute and 
reduced to 2530 ppm. during the fifth 
to tenth minute of washing. Following 
this, the concentration decreased rapidly 
so that at the end of 30 min. from the 
start of the washing, the condensate 
contained less than 10 ppm. 

The accompanying Table III gives 
an analysis of the soluble material 
removed from the spingle (sodium was 
not determined). Also, it illustrates 
how the salts varied in concentration at 
different periods of the washing. The 
percentage of silica was about constant 


TABLE IV.—ANALYSIS OF UNDISSOLVED 
MATERIAL REMOVED DURING WASHING. 


1. 
Iron and Aluminum Oxides, FexO:—AloOs, cent.. .40. 
Calcium Oxide—CaO, per cent 3 
Magnesium Oxide gO, per cent ds 
Sulfur Trioxide—SOs, 2. 
Phosphate—P2Os, per 3 
Loss on ignition, per cent 8 


during the first two minutes, but di- 
minished towards the end. The iron 
and aluminum oxides were much higher 
in the last sample, the phosphates were 
highest in the last sample, the sulfates 
increased in each sample and were much 
higher in the last sample and the chlo- 
rides decreased appreciably after the 
first sample. 

The accompanying Table IV gives an 
analysis of the undissolved material 
which is mostly silica and iron and 
aluminum oxides. 

After washing, the spindle was not 
inspected, but the turbine was restored 
to normal capacity. An inspection of 
the spindle some months later showed it 
to be clean. During the time interval 
between the washing and the inspection, 
full load could be carried on the unit. 

Washing a low-pressure turbine, 350 


psi. did not give the ‘same beneficial 
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results. After having lost about 17.5 
per cent of its capacity, the turbine was 
washed with saturated steam and 7.5 
per cent of the capacity was restored. 
The other 10 per cent was not obtained 
until the turbine was dismantled and the 
spindle sand-blasted. 

The highest concentration attained 
by the condensate during this washing 
was 514 ppm., of which 100 ppm. was 
undissolved material. Partial analyses 
of the dissolved and undissolved material 
removed from the turbine blades are 
contained in the accompanying Table V. 

After washing, the turbine was dis- 
mantled and an inspection of the spindle 
showed the two impulse rows and the 


TABLE V.—ANALYSES OF MATERIAL REMOVED 
DURING LOW PRESSURE TURBINE WwW ASHING. 


Dis- Undis- 
solved, | solved, 
per cent | per cent 

Iron and Aluminum Oxides senzaill 

Phosphate POs..................... 1.2 


first four rows of reaction blades to be 
clean. Starting at the fifth and up to 
the ninth row, the reaction blades were 
coated with a brittle deposit. The 
eighth row contained the heaviest de- 
posit. A microscopic analysis of this 
material showed it to be mostly quartz 
crystals. | The chemical analysis was 
96.5 per cent SiO. The tenth row was 
almost clean. The eleventh to the 
sixteenth rows were coated with a 
powder-like deposit which was micro- 
scopically analyzed as amorphous silica 
and chemically analyzed: as 98.9 per cent 
SiO». The seventeenth to twenty-fourth 
rows of blades contained small amounts 
of deposit. 

The results obtained after washing 
and the analyses made show that on the 
high-pressure turbine, washing was effec- 
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75 tive and that most of the material 
page deposited on the blades was soluble while 
es on the low pressure turbine, the washing 
ed. was not very effective and most of the 
ned material deposited was insoluble silica. 
the The following questions now arise: 

1. Does the turbine deposit indicate 
ned carry-over as mechanical entrainment? 
Ing 2. Does the turbine deposit indicate 
vaporization? 
ow 3. Could it be that vaporization is 
rial selective and would have a tendency to 
amp remove silica, allowing the positive ion 
eV. of the salt to combine with the water? 
dis- 4. Might it be that carry-over from 
udle the drum is mechanical and vaporization 
the occurs in the superheater or on the high- 
aie pressure turbine blades? 
1G. 5. It might also be, as Mr. Hall 
al suggests, that vaporization does occur 
eds in the boiler at overheated areas or 


spots of high rates of evaporation at 
0 which the salts are vaporized and are 
1.0 not recondensed, but are carried with 
ad the steam from the boiler. 

The answers to the above questions 
should materially help in solving the 
problem now confronting the users of 


hee high pressure boilers and turbines. 
were Mr. S. F. Morey’s 
The paper is a good example of the applica- 
ds. tion of highly theoretical research to an 
this every-day engineering problem. His 
arte description of the solvent action of water 
aie vapor at high temperature and pressure 
nn offers an explanation, other than 
the mechanical carry-over, for the transport 
er of solids from the boiler water into the 
sin steam. It also suggests a possible ap- 
tne proach to the more important phase of 
cout the problem, namely, the selective 
eth deposition of solids at various points in 
ants the steam system. 

Deposits in the superheater result in 
hing overheated and ruptured tubes; in the 
the turbine they impair both efficiency and 
»ffec- 


16 Chief Chemist, Duquesne Light Co., Pittsburgh, Pa. 
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capacity. Consequently, the operator = 
is only casually interested in the me 
chanism of carry-over and the quantity 
of solids in the steam. His chief concern 
is the location and amount of those 
solids that “stick and stay stuck.” For 
instance, one of our turbines after more 
than two years of continuous operation 
was found to be absolutely clean, in 
spite of the fact that more than a ton 
and a half of solids accompanied the 
103 billion lb. of steam entering the — 
turbine. It is hoped that the present _ 
Edison Electric Institute study of cases 
such as this one and others of turbine 
fouling will lead to a better understand- 
ing of the problem. Among the factors 
being considered are the amount and 
composition of solids, temperature, pres- _ 
sure, velocity, pH of the steam, and the © 
design and operation of the equipment. 

The theory of solubility of boiler 
water solids in steam supplements but 
does not discredit the role of mechanical 4 


J 


carry-over. The former has been sug- 
gested as an explanation of the presence 
of troublesome silica deposits in a 
number of high-pressure turbines. How- __ 
ever, I believe we must rely on the latter — 
to explain such phenomena as the _ 
presence of magnetic iron oxide in the 
steam and the increase in carry-over 
with rating experienced by most boilers. | 

Mr. W. H. Rowanp." —The dis- _ 
cussion has been focused on the as- 
sumption that the solids carry-over now 
being experienced is the result of 
solubility in the steam. It is my 
opinion that the ultimate has not yet 
been reached in reducing carry-over by => 
mechanical means and that this method __ 
of attack should still be prosecuted 
diligently. 

The vast number of different solids 
carry-over tests we have conducted 
show a narrow band of carry-over rang- | 
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ing from 0.3 to 0.7 ppm.; these tests 
cover a very wide range of pressures, 
boiler water concentrations, water levels 
and ratings. Tests on one boiler operat- 
ing at 2400 psi. pressure show solids 
carry-over by the conductivity method 
of only 0.4 ppm., which is much smaller 
than that predicted by the solubility 
theories. 

It is quite possible that this relatively 
small residual carry-over is the result 
of finely atomized spray or dust which 
the existing mechanical methods of 
separation fail to remove from the steam. 

I do not wish to belittle the worth- 
while progress which has been and will 
be made by the chemical attack on this 
problem, but I do want to emphasize 
that we should continue the mechanical 
attack concurrently with it. 

Mr. P. B. Prace™ (by letter) —The 
failure to eliminate turbine blade deposits 
by mechanical purification of steam and 
the finding of localized and more or less 
selective deposits on the blades have, 
without doubt, been the principal in- 
centives in the development of new 
theories on carry-over. 

The concept of carry-over by solu- 
bility of boiler water salts in high- 
pressure saturated steam, followed by 
selective deposition on turbine blades 
under suitable conditions of temperature 
and pressure, is attractive in its possi- 
bilities and will receive considerable 
attention in the near future. 

Such a theory, however, suggests 
that complete elimination of impurity 
in high-pressure steam may be impossible 
and that the impurity is likely to be 
higher as operating pressures increase. 
Further, it suggests that the progressin 
mechanical purification of steam, which 
has paralleled the increase in operating 
pressure through the intermediate range, 
cannot be expected to continue. 

It is unlikely that perfect separation 


18 Combustion Engineering Co., Inc., New York, N. Y. 


is possible with the best equipment now | 
available. The normal carry-over from 
a boiler is in the form of a steam-borne 
spray. The size of the spray varies 
from the extremely small particles that 
make up a thin fog to the largest size 
droplet that can escape the mechanical 
separator installed in the drum. The 
failure to eliminate carry-over com- 
pletely from high-pressure steam may 
conceivably be due to the generation of 
a larger proportion of the finer particles 
under high-pressure operating con- 
ditions. 

The selective deposition on turbine 
blades and localization of such deposits 
is difficult to explain but the difficulty 
should not imply that it is impossible. 
Is it not possible that mechanical forces 
and the physical condition of the carry- 
over dust from the superheater have 
some bearing on the selective deposition? 
For example, in coal pulverizer ex- 
hausters, a very hard deposit is often 
found which has been built up by ac- 
cumulation of extremely fine coal dust. 
It is a selective and localized deposit 
wholly dependent on mechanical and 
physical conditions. 

In superheaters, deposits are seldom 
found unless the amount of carry-over is 
sufficient to wet the metal surface and 
allow evaporation of a liquid film ad- 
jacent to the metal. Small carry-over, 
as steam-borne spray, evaporates in 
suspension and the resulting dust is 
carried through the superheater without 
deposition. This spray evaporation has 
an effect on the size and structure of the 
resulting dust and is a method used in 
the chemical industry for controlling 
such products as common table salt. 
Under various conditions of spray eva- 
poration in superheaters, selective sizing 
of the individual components of the 
boiler salines may result with con- 
sequent selective deposition on the 
turbine blades. The beneficial effects of 
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excessive sulfate and the inconsistencies 
in deposition range in the turbine might 
be due to variable conditions of spray 
evaporation in the superheater. 
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This discussion is presented, not to 
refute the solubility theory but rather 
to suggest a parallel line of thought that 
may have some bearing on the problem. 
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SYMPOSIUM ON RADIOGRAPHY 


) SOME. APPLICATIONS OF X-RAY INSPECTION TO PRODUCTION 
PROBLEMS 


The applying X-ray in- 

spection to the manifold phases of War 

Production is of considerable general 

interest, and may be ascribed to two 

specific causes. One is the high-vol- 
ume production of cast light alloys and 
other metals required for aircraft con- 
struction. The second is the extension 
of high-strength steel castings into new 
fields formerly dominated by forgings. 

Special applications and Government 

specifications probably also account for 

a considerable extension of X-ray in- 

spection in some fields. 

X-ray inspection is expensive and has 
in general been previously applied by 
the cast metals industry to the develop- 
ment of a proper foundry technique. 
The designing engineer usually has 
allowed a generous factor of safety in 
the design which is sufficient to take 
care of any minor defects which arise 
from conditions usually beyond the 
control of the average economical 
foundry technique. The use of cast 
parts in moderately stressed sections 
and the limitation on weight imposed 
by certain applications has necessitated 
a proper balance between foundry meth- 
ods that are economically possible from 
a production standpoint, and the indi- 
vidual testing by X-ray inspection. 

Another problem confronting the 
metallurgical engineer is the substitu- 
tion of cast parts for forgings as a result 
of the present limited forging volume 


1 Metallurgical. Engineer, Main Laboratory, Rouge 
Plant, Ford Motor Co., Dearborn, Mich. | 


By Don M. McCutcueon! 


available. The parts may or may not 


be redesigned as circumstances or appli- _ 


cations permit. In either case sound- 


ness of castings is a requirement which _ 


must be considered. Occasionally the 
cast part used must have equal strength 
with the equivalent forging, but gener- 
illy specifications limit the load to much 
lower values. Individual cases may 


determine the extent to which X- —y 


inspection must be applied. 


The application of X-ray inspection % ‘S 


to cast production parts is dictated be 3 
largely by the design and application of 


the part. 
be designed with an adequate safety 
factor or it may contain sections of low 
stress which allow the development of — 
a foundry technique which insures that 
any unsoundness which may develop 
is confined to these low-stress areas. 


Very often a part can either ug wae 


In this case X-ray inspection may only _ 


be required during the development of 
a proper foundry method. Cast metal 
parts used in highly stressed areas and 
whose design or weight is severely re- 
stricted generally require 100 per cent 
X-ray inspection. The great majority 
of cast parts made today may be classi- 
fied as coming somewhere between 
these two groups. A special class of 


is receiving 
armament 


increasing attention 
manufacture. 


casting made by the centrifugal process _ 
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point and often with superior per- 
formance. 

There are several methods which may 
be worked out on the extent of the X-ray 
inspection to be applied. One involves 
the development of a casting-inspection 
method based upon the percentage of 
defective castings found by 100 per cent 
X-ray examinations for a definite period. 
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other words, the design factor of safety 
dictates the percentage of castings in 
any one lot which are to be X-ray in- 
spected. The classification of cast parts 
according to the design load may be 
made very simple if the foundry process 
and control is very good. The trend, 
however, will be to more elaborate 
specifications and classifications which 
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Fic. 1.—Ideal Voltage Range Suitable for Various Metals. 
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This graph ise the approximate voltage ranges applicable to various materials with the methods available to 
the radiographer and is intended only as a guide in the selection of equipment. 


This serves mainly as a control of the 
manufacturing process, and indicates 
the trend of quality. Adequate in- 
spection by this procedure can only 
be secured if the volume of identical 
castings involved is large enough to 
apply sampling methods. Another 
method which is used extensively is to 
base the percentage of castings to be 
X-ray inspected on the ratio of the 
design load to material strength. In 


will allow a greater flexibility of ac- 
ceptance standards. A_ reduction in 
rejections of doubtful cases would be 
expected. In any case, the correct 
procedure should be based upon actual 
breakdown tests upon individual parts. 
The function of X-ray inspection is to 
determine the suitability of a part for 
the purpose for which it is designed. 
The X-ray equipment used, the methods 
of application, and the interpretation of 
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results are all subject to this main 
purpose. 


SPECIFIC APPLICATIONS OF RADIO- 
GRAPHIC EXAMINATION 


Cast metals in common use today are 
grouped rather closely in two divisions 
in the periodic systems of the elements. 
The light metals and alloys such as 
aluminum and magnesium have X-ray- 
absorption values which require the 
use of low-voltage equipment in order 
to secure the maximum differential of 
absorption with thickness. Steel, brass, 
and other higher atomic weight metals 
require that a more penetrating radia- 
tion be used. 

The ideal voltage range suitable for 
the various metals is shown in Fig. 1. 
At the top of the chart is indicated the 
useful voltage range of the common com- 
mercial X-ray units available today. 
The choice of equipment depends upon 
the metal to be examined and the 
average section thickness of the parts. 
In general it can be seen that the 200 to 
250-kv. units are the most universal in 
range and application. For the exam- 
ination of the light metals magnesium 
and aluminum, the 140-kv. unit gives 
the highest efficiency. Likewise, where 
heavy steel, brass, or bronze castings 
are to be examined the 400-kv. unit is 
applicable. Recently, higher-voltage X- 
ray units have been designed for com- 
mercial use and will be discussed later. 


Light Metals and Alloys: 


The equipment and technique suit- 
able for the X-ray examination of 
aluminum and magnesium alloys re- 
quires the careful consideration of a 
number of factors not commonly en- 
countered in the X-ray examination of 
the more familiar cast steel parts. Low 
X-ray absorption is a_ characteristic 
of the light alloys which must be com- 
pensated for by the use of low-voltage, 
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or long-wave-length X-ray. The type 
of defects encountered, their size and 
distribution, requires that a reasonable 
degree of image sharpness be obtained. rs i 
Sharpness of radiographic detail is ead 
essentially governed by the distance 7 
from the object to the X-ray tube and 
by the size of the focal spot of the X- 
ray tube. Some compromise must be 
reached on the limiting size of focal spot, — 
and the distance from the object to the 
tube in order to obtain reasonable 
exposure times. Most X-ray units com- 
mercially available in the low-voltage 
range have focal spot sizes that are 
sufficient for all general casting ex- 
amination. 

Small light-alloy castings with rela~ 
tively thin sections requiring long- 
wave-length X-rays places alimitation 
on the use of the higher-voltage 


sorption of the required low-voltage 
X-rays. X-ray units of 150-kv. +i 
pacity or lower are designed with suffi- — 
ciently thin glass parts onthe X-ray | 
tube and thin enclosing structures to 
allow efficient X-ray output at 30 kv. 
or less. 
unit has a higher practical low-voltage 
limit which places a_restriction on the 
radiographic detail obtainable. With 
careful film selection and interpretation 
this factor may not be objectionable 
with the average light-alloy sections. 
The procedure best followed in radio- 
graphing light-alloy castings is to use 
the lowest voltage on the X-ray tube 
consistent with a reasonable exposure 
time. Where a large number of cast- 
ings are X-rayed per day, the most 
convenient technique is to establish 
a reasonable exposure time, and select 
the voltage required for the section 
thickness being X-rayed. No exposure 
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should be made for less than 1 min. 
with low-milliamperage X-ray units. 
This insures that the radiographic oper- 
ator uses the lowest voltage practical 
with the thinner metal sections. An 
additional requirement is made that all 
films show the penetrameter gage de- 
signed for the section thickness being 
X-ray ed. For thin aluminum and mag- 
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The successful examination of com- 
plex shaped castings of aluminum and 
magnesium alloys requires considerable 
care in selecting the proper angles and 
position of casting with respect to the 
direction of the X-ray beam. In order 
to minimize the number of exposures 
required with complex casting shapes, 
a long tube-to-object distance is recom- 
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+—— same Exposure Time for 
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0.2 
nesium alloy sections satisfactory 
penetrameter sensitivity is difficult to 
obtain unless low voltage radiation is 
used and correct developing technique 
followed. Fine-grained, high-contrast 
X-ray films are necessary for resolving 
the small holes in these thinner gages. 
These high-contrast, fine-grained films 
are particularly applicable where the 
X-ray unit used has limited low voltage 
range or above-normal inherent X-ray 
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Thickness of Aluminum, in., 
Fic. 2.—Effect of Filtration on the Primary X-ray Beam. 
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log scale 
mended. The casting angles used may 
place some sections of the part several 
inches off the film. This requires that 
the ratio of the distance from the X-ray 
tube to the object and the distance from 
the object to the film be such that 
adequate sharpness of detail will be 
obtained. This factor of detail sharp- 
ness is a property of the X-ray unit 
used and must be individually deter- 
mined, as will be discussed later. 
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on the film all the casting sections within 
an acceptable density range, filtered 
radiation may be used. A metal of 
higher atomic number than the part 
being X-rayed is placed on the tube 
port and the voltage on the unit raised 
to give the same exposure time used 
with the unfiltered beam. A special 
marker is placed on the film indicating 
the filter used which aids in the proper 
interpretation of the film. 

The effect of filtration on the primary 
X-ray beam is shown in Fig. 2, where 
copper is used as a primary beam filter 
for the examination of aluminum alloys. 
A limitation on the amount of filtration 
which may be employed with most 
structural castings is established by the 
requirement that a gage sensitivity 
of 2 per cent of the section thickness be 
obtained on the film. Filtration of the 
X-ray beam in any case must not be so 
excessive that portions of the film ex- 
posed to the direct X-ray beam will 
transmit any of the light being used for 
viewing purposes. A considerable loss 
in available film contrast will result 
from such excessive filtration. 

The generally accepted opinion that 
X-ray beam filtration always results in 
a loss of sensitivity can be shown to be 
misleading. In aluminum alloy air- 
craft castings there are two exceptions 
to this rule and an increased sensitivity 
can be shown by the use of proper filtra- 
tion of the beam. Some aluminum alloy 
castings, particularly those having a 
large macro grain structure and adjacent 
thick and thin sections, will show a 
striated type of scattering often mis- 
taken as defects in the metal. Removal 
of the long-wave-length portion of the 
beam by proper filtration will largely 
eliminate or reduce this effect. Figures 
3 and 4 show the effect of filtration on 
this type of scattering in an aluminum 
alloy casting. Another exception to 
the belief that filtration always results 


in loss of sensitivity is found with com- 


- plex shaped castings where large amounts — 
of radiation scattered from adjacent | 


surfaces can reach the film unimpeded —T 


by any section of the casting itself. 
Removal of scattered radiation, which 


is produced by the long-wave-length ee 


component of the X-ray beam striking — 
adjacent surfaces of a complex casting, 


TABLE I.—RECOMMENDED X-RAY FILTRATION. 


voltage |APPlication | | Filter 


ness, in, 
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Magnesium) \% to 4 
alloys m. 


\% tol 


15 to 60... 


30 to 60... No filter at film, 


thick at tube for 


optional. 
60 to 100. . No filter for plain 
sections, 44 mm. 
i copper at tube for 
complex shapes. 
0.002 to 0.005 in. 
copper foil at 
film, optional. 
Copper or lead fil- 


at film surtace. 


125 to 250. . Lead filter at film 


thick. 


0.010 in. optional. 
220 to 400. . 
0.025 in. thick at 


tube optional. 
to ) 

re 0.250 at film de- 
pending upon ir- 
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tion. 


in. at tube for 


lar sections. 


can be secured by use of a metal filter 4 
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copper % mm. 


special sections, — 


ter 0.005 in. thick — 


surface 0.005 in. 
Lead filter at tube r 
Lead filter 0.005 to _ 


film. 
Lead filter 0.010in. 


Lead filter 0.005 to 


Lead filter up to 4 


roundandirregu- 


at the tube port or between the object me 3 


and the film. The location of the filter — 
can best be determined by the X-ray _ 


operator and will depend upon the me: 


convenience and effectiveness of either — 
General scattered radiation, © 


method. 


produced by the emerging X-ray beam ng 


from surfaces of the casting not in con- _ 
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of the film. Table I lists the most 
commonly used filter thickness and 


application used by The Ford Motor 


Steel and Other Alloys: 

The X-ray examination of steel and 
copper alloys requires high X-ray in- 
tensity. The design of X-ray tubes for 
high energy output requires larger focal 
areas on the target and a considerable 
increase in the thickness of the glass 
envelope of the tube to withstand the 
higher electrostatic tension produced 
on the glass by high-voltage fields. A 
natural consequence of these factors is 
a decrease in the sharpness of detail 
obtainable on the film, and an increase 
in the inherent filtration of the tube. 
Figure 1 shows the voltage range that 
can be used to produce a useful X-ray 
output on X-ray tubes commercially 
availabie today. The recent develop- 
ment of beryllium metal windows for 
X-ray tubes may have an important 
bearing on the adaptability of future 
tubes. 

One of the main problems encountered 
with the use of X-ray beams generated 
by voltage between 100 kv. and 700 kv. 
is scattered radiation. Above approxi- 
mately 700 kv. the scattered radiation 
produced is largely in the forward 
direction which simplifies the radio- 
graphic technique remarkably. Control 
of scattered radiation is based upon 
restricting the area of the primary beam 
to the object being examined and upon 
the use of filtration. For relatively 
thin sections and moderate voltages, 
filters interposed between the object 
and the film are sufficient to both 
restrict the intensity of longer wave 
length components in the beam from 
directly striking the film, and to 
markedly reduce the scattered X-ray 
intensity emitted by all objects in the 
vath of the primary rays. For irregu- 
I P Ty Tay gu 


lar-shaped castings a double filter tech- 


nique has been found advantageous. 
The double filter technique listed in 
Table I requires the use of lead filters 


ese on the X-ray tube port and bee 
tween the object and the film. Ahigher | 


X-ray tube voltage is usually required ry 
when using the double filter to secure a _ 
reasonable exposure time, but the in- | 
crease in film clarity obtained with 


complicated castings, by a greater re- 


duction of scattered rays, more than 


offsets any loss in contrast which theo- = 
retically results from the use of higher _ 
Full use of the double-filter — 


voltages. 


technique for irregular-shaped steel cast- _ 


ings is limited to the following maximum 
section thickness on the X-ray units 
commercially available: 

1} in. of steel 

23 in. of steel 

6 in. of steel 

The thickness of metal which may be 

examined by X-rays between 150 kv. 
and 400 kv. may be extended by the 
use of calcium tungstate intensifying 
screens to the following maximum limits 
with reasonable exposure time: 

1 in. of steel 


34 in. of steel 
5 in. of steel 


reduce the effect of the scattered r 
in 


radiation. 
The principal disadvantage 
use of intensifying screens, aside from 


image diffusion, is that in all cases the oi 
direct primary beam must be prevented __ 


This 


2H. E. Seemann, ‘“‘Secondary Radiation i in the Radi- 
ography of Aluminum, Steel, and Lead,’ Proceedings, Am. 

Soc. Testing Mats., Vol. 38, Part II, p. 284 (1938); “*Second- are 
ary Radiation Intensity as a Function of Certain Geo- 
metrical Variables,’’ American Journal of Roentgenology — 
and Radium Therapy, Vol. XXXIV, No. 4, April, 1938; 
“Some Physical and Radiographic Properties of Metallic 

Intensifying Screens,” Journal of Applied Physics, oh 

8, No. 12, December, 1937 


from striking the film holder. 
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and the front intensifying screen to 
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requires the very careful and time- 
consuming “blocking” methods of all 
irregular shaped castings which do not 
completely cover the film holder. Any 
high absorbing material, such as lead 
shot, steel blocks, or radiographic putty 
may be used to fill in those areas on the 
film holder which are open to the direct 
primary beam. Figure 5 shows the 
blocking method required for the X-ray 
examination of a cast crankshaft, where 
a combination of heavy steel blocks is 
used in conjunction with radiographic 
putty. 

The necessity for using intensifying 
screens and the troublesome and time- 
consuming blocking technique for heavy 
sections is eliminated by the use of the 
million-volt X-ray unit which will be 
described later. Before leaving the dis- 
cussion of low- and medium-voltage 
X-ray units, their adaptation to high- 
volume casting examination and special 
applications in new fields will be re- 
viewed. 


Automatic X-ray Units: 


Aircraft construction requires the use 
of a large quantity of small aluminum 
and magnesium castings. A consider- 
able number of these castings are sub- 
jected to appreciable stress, and 
consideration must be given to their 
soundness and freedom from defects in 
critical sections. The effect of micro- 
shrinkage on the tensile strength of 
machined magnesium alloy bars is shown 
in Fig. 6.5 The use of X-ray examina- 
tion as an invaluable aid in the de- 
velopment of a foundry technique for 
producing sound castings has_ been 
previously mentioned. X-ray examina- 
tion must now serve as a very prominent 
and vigilant control of the entire cast- 


3 The effect of defects on performance of actual cast- 
ings in service is usually less than this test indicates. 
However, the t and location of the defect should be 
considered in relation to the amount and kind of stresses 
involved. 
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ing process. 
an expensive control process, agreement 
on the sampling methods must be made 
between the Government agency and the 
producing or consuming parties. Even 
after establishing a percentage control 


basis for X-ray examination, large air-_ 


craft construction projects require that 
many thousands of parts be examined 
per day. 

The change from the conventional 
batch-type methods of X-ray examina- 
tions to a straight-line conveyor type 
mechanism with the X-ray unit in the 


center is a natural development of the © 
trend. Straight-line 
motion of parts on a conveyor belt or | 
tray arrangement requires the placing ~ 


mass-production 


of the X-ray tube in a lead-lined tower 


As X-ray examination is — 


arranged to receive the parts auto- is 
matically, carry out the X-ray opera- — 


tion, and discharge the parts on the — ¥ 
The mechanical design — 


opposite side. 


of such a unit may be constructed in a_ a 


number of ways according to the same 


basic principle of 
operation. 


A large variety of size and shapes of | 


semicontinuous 


cast aluminum, magnesium, and steel _ 


are used in aircraft construction which | 


makes it difficult to use one X-ray 
tube for all parts. Fortunately where 
the volume of castings being examined 
by X-rays is large, as at the Ford 
Willow Run Plant, more than one auto- 
matic X-ray unit may be used allowing 
the selection of tubes specially suited 
for the class of work involved. 

The general progress of castings 
through a production X-ray depart- 
ment will be according to the following 
plan. Castings as received will be 
segregated into groups according to the 
X-ray unit best adapted for their 
examination. Sorting tables, number- 
ing machines, and record entries pre- 
cede the transfer to gravity conveyors 
where operators place the castings on 
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the film cassettes with proper fixtures 
_ and identification numbers. The as- 


_ sembled group is manually pushed onto 


carries the group into the X-ray zone 


and out the opposite side according to a 


‘in numbered bins follows until 


set cycle of operations. Disassembly of 
the castings, and storage of the parts 
final 
disposition can be made after inspec- 
tion of the X-ray films. 

The processing of X-ray films in the 


and of sufficient capacity to hold all 
the films received in the period from the 


beginning of development to dry films 
outside the dark room. An automatic 


_ developing machine should be used to 


process all films during peak produc- 
tion. A  batch-type developing unit 
may be added as a supplement to the 
automatic unit for off-peak loads and 
in the event of any mechanical failure. 


at: Film drying in the automatic develop- 


ing unit is accomplished by conveying 
the washed films through an infrared 
drying zone where large volumes of 
warm air are passed over the wet films 
to facilitate the removal of the water 
vapor. 

Considerable care must be given to 


ical solutions used for film processing 


. the convenient preparation of the chem- 


and adequate film and chemical storage 


: to facilitate the solution transfer by 
gravity feeding to 


space. Adjacent to one end of the 


_ dark room may be placed an air-condi- 


tioned room for the storage space and 
chemical solution makeup. Films and 


e _ chemicals will be stored on the ground 


ion level, but the solution makeup 


the 


processing tank. 


The volume of castings examined on 


SYMPOSIUM ON 


dark room 


RADIOGRAPHY 


the automatic X-ray machines requires 
a degree of control in all phases of the 
operation beyond that normally en- 
countered in X-ray methods. Auto- 
matic primary voltage regulator should 
be used, for example, on each X-ray 
machine to maintain a more constant 
voltage on the X-ray tube. Film 
processing control is based upon tests 
and rules which, although well known, 
are not generally adhered to in the 
dark room. 

Close control of developing condi- 
tions may be made by following closely 
the advice of the major film producers 
or actual routine tests may be estab- 
lished in the individual laboratory. It 
is common practice in dark-room pro- 
cedure to count the films passing through 
the solutions, and with adequate addi- 
tions of developer replenisher a reason- 
able degree of control can be main- 
tained. Use of a good densitometer for 
determining actual film density is recom- 
mended. 

The procedure in one laboratory 
which has shown considerable promise 
is to expose a film to a standard amount 
of ordinary light intensity and measure 
the film density after processing. In- 
formation will be obtained on _ the 
strength of the developer, amount of 
chemical fog, and time required to clear 
the film in the fixer. The establish- 
ment of definite rules and control of 
the processing solutions will result in 
the maintenance of consistent, high- 
quality, radiographic films necessary 
for production X-ray work. Rae? 
Million-Volt X-rays: 

Radiographic examination of cast 
metals received considerable impetus 
with the introduction of million-volt 
X-ray units. The limitations of lower- 
powered X-ray units on thickness pen- 
etration and the very troublesome 
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scattered radiation were offset to a re- 
markable degree by the use of the in- 
creased voltage. 

The design of building facilities for 
the million-volt X-ray units involves 
large structures and considerable ex- 
pense. Where the size of the work, and 
principally the volume of work, is large 
the million-volt unit is an economical 
investment. On the other hand, where 
the volume of work is small it would 
appear that radium would be more 
economical for heavy castings. As a 
basis of comparison on the one part, 
the million-volt unit can examine 64 
times the volume formerly X-rayed on 
the 400-kv. unit and 24 times the 
volume possible with radium of average 
amount in the same floor area and with 
the same handling facilities. The diffi- 
culty with making comparisons is that 
it does not allow a fair comparision of 
the maximum operating efficiency for 
each method. Thus, the lower-powered 
units are still the best investment 
within the limits of the size of sections 
ideal for their voltage range. 

The efficiency of the million-volt 
X-ray unit is exceptionally high for 
two reasons: First, the great reduction 
in scattered radiation produced which 
allows the X-ray examination of most 
castings without using any blocking 
technique. The object is simply placed 
in front of the film holder and exposed. 
Second, the utilization of as much as 
possible of the spherical beam given off 
by this unit. In low-voltage X-ray 
units the X-ray tube target is approxi- 
mately 20 deg. off the normal to the 
tube axis, and the focal area on the 
target is rectangular in shape. In 
order to secure a reasonably uniform 
focal spot as seen from the film the 
beam angle must be restricted to rather 
narrow limits. This limits the useful 
X-ray zone and restricts the volume 
which can be examined at each exposure. 


The tungsten target of the million- 
volt unit is very thin and causes little 
absorption of the X-ray beam except 
near the plane of the target. X-rays 
emanating from the lower hemispherical 
area are called the transmitted rays, 
and those emanating in the available 
region above the target are called the 
reflected rays. As the target focal spot 
is very small and circular, the apparent 
size from any angle is approximately 
the same. Due to the large spherical 
angles available for useful radiographic 
examination a large number of castings 
can be examined at each exposure. The 
limiting factor on the number of cast- 
ings that can be examined each day is 
almost entirely dependent upon the 
handling facilities provided. At the 
Ford Motor Co., as many as 50 films 
have been simultaneously exposed. 

There are two methods in use for 
providing proper protective and work- 
ing structures to house the million-volt 
X-ray unit. In the welding field, a 
welded boiler for example may be lo- 
cated below ground level in a concrete 
pit and circumferential and longitudinal 
welded seams X-rayed without causing 
excessive radiation to reach the floor 
level. For foundry inspection of heavy 
steel castings, the X-ray unit is most 
conveniently located in a heavy con- 
crete-walled room. The working space 
provided and available handling equip- 
ment largely determines the usable 
efficiency of the million-volt unit. 

Operation of the million-volt unit 
does not differ in essential details from 
conventional lower-voltage practice. 
The use of heavy lead filters both at the 
tube and at the film is common practice 
for most of the casting work encoun- 
tered. For flat sections, such as armor 
plate, it is not necessary to use heavy 
filtration, the 0.010 to 0.050-in. thick 
lead foil filters adjacent to the film bein 
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sufficient. At 1,000,000 v., for exam- 
ple, the absorption of 3 in. of lead is 
equivalent to only 3 in. of steel. For 
very irregularly shaped castings experi- 
ence has shown that best results will 
be obtained by using } in. or more lead 
sheet filter in front of the X-ray film. 
The specific type of work being exam- 
ined determines whether any filtration 
should be added to the tube in addition 
to the lead at the film. The principle 
of the double-lead filtration technique 
previously discussed for lower-voltage 
units applies equally well for the million- 
volt X-rays. 

Examination of large numbers of 
castings per day on the million-volt 
unit, as previously noted, is facilitated 
by utilizing as much of the spherical 
beam given off by the X-ray unit as 
possible. Fixtures, racks, cranes, and 
carts are all necessary accessories found 
indispensable for rapid handling of heavy 
parts. Where possible all preparation 
and adjustments of position are made in 
a preparation room adjacent to the X- 
ray room. Time consumed in the X-ray 
room proper should be kept at a mini- 
mum to reduce the time lost between 
exposures. 

The second million-volt installation 
at the Ford Motor Co. is designed on 
the same principle as the automatic- 
type X-ray units described in a previous 
section. Two large preparation rooms 
are built at each end of the concrete 
X-ray room with a standard-gage rail- 
way track running through all three 
rooms. Two flat cars are used to carry 
a large number of prepared castings 
alternately into the X-ray room for 
immediate exposure. During each ex- 
posure the second flat car is being re- 
loaded with castings and the necessary 
films and markers placed in position. 
The most efficient utilization of the 
million-volt X-ray unit is possible by 
this method. All three rooms are pro- 


SYMPOSIUM ON RADIOGRAPHY 
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vided with overhead electrically oper- 
ated heavy-duty cranes to provide rapid 
handling of heavy castings. 

Large castings requiring more than 
one film are marked off into sections 
according to a standard sketch of the 
part on file in the control room. Tech- 
nique required for each section is logged 
on the standard sketch, and the prepara- 
tion room crew arranges the details 
and positions the film holders on the 
castings before moving them into the 
X-ray room. Frequently the technique 
can be arranged so that all of the cast- 
ing, regardless of section thickness, can 
be taken at one exposure. For example, 
the examination of 3 in. of steel adja- 
cent to a 1.0-in. section can be made by 
placing two film holders back of the 
casting. The total lead filtration thick- 
ness before reaching the last film is 
regulated to compensate for the differ- 
ence in casting thickness. 

A heavy lead diaphragm is used on the 
million-volt unit to eliminate any radia- 
tion which emanates from other than 
the principal target area. Electrons 
which reach the target and are not 
completely absorbed will rebound and 
produce off-focus radiation which is 
very penetrating. Considerable  im- 
provement in film clarity and image 
sharpness is attained by using a long 
tube-to-object distance and a_ well- 
diaphragmed beam. 

The construction of the General 
Electric million-volt X-ray unit does 
not allow a wide range of usable kilo- 
voltage. This restriction tends to limit 
the use of the unit to steel sections under 
1.0 in. thick if good sensitivity must 
be maintained. Considerable improve- 
ment in contrast and sensitivity may 
be obtained on steel sections from 0.5 
to 3.0 in. if the reflected beam, making 
approximately 120 deg. with the direc- 
tion of the electrons, is used instead of 
the direct or zero-degree beam. Ab- 
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sorption tests have shown that the 
reflected rays have a longer effective 
wave length than the direct or zero- 
degree rays. 

Experience has shown that a higher 
average film density is required with 
million-volt radiography than is custom- 
ary with lower voltage technique. An 
average film density of 2.0 is suitable 
with the newer type of viewing boxes 
while higher film densities obtained as a 
result of wide variation of section thick- 
ness can readily be examined by using 
high-powered “Keg” type spot lights 
suitably filtered to remove the heat 
rays. Fluorescent-type viewing boxes 
containing eleven lamps are com- 
mercially available and are ideal for 
these high average film densities. 

Million-volt radiography applied to 
the heavier cast and welded steel sec- 
tions has made possible a wider applica- 
tion of the stereoscopic method for 
viewing the section in three dimensions. 


As an aid inedetermining the necessity 
for repair welding and for accurately 
locating the position of the defect, 
stereoscopic technique is being used 
with more success than was possible 


on the thinner metal sections. The 
appearance of fine cracks in a 2-in. 
welded armor section were successfully 
correlated with the particular welding 
pass and the depth measured which 
materially aided in the repair of the 
section. Heavy castings containing 
mild shrinkage areas may often be 
scrapped if subsequent machining runs 
into the defect. Stereoscopic radiogra- 
phy generally determine this 
possibility thereby saving both the time 
and expense of machining. Repair weld- 
ing of local shrinkage areas in line with 
machined surfaces may often be possible 
only on the rough casting due to the 
restriction on welding and heat treating 


after machining operations. The tech- 
nique of st 
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discussed in later sections of this Sym- 
posium. 


Use of Radium: 


The advent of million-volt X-ray 
equipment brings X-ray radiography 
within the range of metal penetration 
and effective quality of radiation with 
radium. However, the experience of 
industrial applications has shown that 
the use of radium had expanded in spite 
of the availability of million-volt X-rav 
units. 

Radium has some advantages in its 
use which will always be attractive to 
industry. A few advantages of radium 
over an equivalent X-ray unit are: 
low cost per unit examination for low 
volume manufacturers; availability with- 
out the first cost of expense of equiva- 
lent X-ray installations; and the flexi- 
bility of use with the small capsule of 
radium. It is probable that special 
applications would indicate further spe- 
cific advantages in the use of radium 
over equivalent X-ray installations. 


X-raying Spot Welds: 


There are numerous applications of 
X-ray examinations which require special 
treatment, both as to the equipment 
used and technique developed. An im- 
portant new field for X-ray examina- 
tion has developed with the increased 
use of spot welding of thin aluminum 
sheet. The advantages obtained by 
welding aluminum aircraft materials 
is well recognized by designing and 
production engineers provided there is 
no sacrifice in strength and reliability 
in its use. In the development and 
control of aluminum welds the X-ray 
inspection method is extremely impor- 
tant. The areas involved in a spot 
weld are small and the defects that do 
occur require a degree of resolution on 
the film not common to most radio- 
graphic processes. 
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Figure 7 shows a poor aluminum spot 
weld. Cracks in spot welds are re- 
stricted according to certain specifica- 
tions and can be controlled by proper 
regulation of the welding conditions. 
The structural variations occurring in 
an average spot weld are also indicated 
in Fig. 7. Other indications and types 
of defects will show radiographically 
if they affect the X-ray absorption. 
Lack of fusion in a spot weld can be 
determined radiographically by observ- 


ing the disappearance of the charac- 
teristic dark ring which is the actual 
weld diameter or the diameter of the slug 
obtained on testing to failure. 

Due to the thinness of most aluminum 
alloy spot welds, an X-ray beam of 15 
to 30 kv. is required to obtain sufficient 
radiographic contrast on the films. Ex- 
amination of the metallographic struc- 


ture of aluminum alloy spot welds 


lution would be desirable. However, 
the size of most of the defects occurring 


in the weld zone are such that visual 
observation of the X-ray films is suff- 
cient. Examination of the X-ray films 
at higher magnifications for finer struc- 
tural details will require consideration 
of the factors affecting radiographic 
sharpness. 

X-ray technique for obtaining maxi- 
mum detail and sharpness on the film 
requires the use of a low-voltage X-ray 
beam, small focal area X-ray tubes, and 
high-contrast, fine-grained films. The 

Por 


4 
We 


results obtained will depend upon indi- 
vidual technique and the care in ob- 
serving the dark-room processing rules. 
Due to the increased exposure time re- 
quired by the use of low-voltage X-ray 
beams and the slower fine-grained films, 
consideration should be given to the 
degree of resolution required for proper 
inspection. 

The choice of the X-ray unit used for 
X-ray examination of spot welds will 
depend upon the relative low voltage 
X-ray output and the size of the focal 
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target area required for the particular 
installation. A comparison of the effect 
of focal target area on resolution has 
indicated that, for visual examination 
only, the size of the focal area is un- 
important. Examination of spot-weld 
films with a magnifying glass, or by 
projection, will require X-ray tubes with 
as small a focal target area as possible. 


Microradiographic Technique: 


A natural extension of the radio- 
graphic process appears in the attempts 
of various workers to resolve structural 
details in metals and other objects by 
X-ray absorption, formerly confined to 
the optical microscope. This process, 
called microradiography, has shown some 
advantages in application over pure 
optical reflection methods.‘ The tech- 
nique required to prepare metal samples 
for microradiography is difficult uatil 
a convenient methed has been worked 
out. It should not require any more 
time and trouble than the usual sample- 
polishing methods required for metallo- 
graphic examination. 

Microradiographic samples must be 
ground down to a thickness that is 
approximately of the order of magnitude 
of the structural differences existing in 
the metal sample in order to secure 
sufficient detail and sharpness in the 
film image. The procedure of sample 
preparation is generally decided by 
personal convenience and dexterity. A 
few suggestions are offered based upon 
the experience of one laboratory. 

The sample is cut from the test ob- 
ject, by hand sawing or on the rubber 
wheel, as thin as possible to avoid subse- 
quent labor. A section } in. thick is 
considered a good starting point. The 
sample is then ground and polished on 
one surface by hand and the excess metal 


4G. L. Clark and W. M. Shafer, “The Technique of 
Microradiography and Its Application to Metals,’’ Trans- 
actions, Am. oo Metals, Vol. 29, September, 1941, p. 
732. 
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removed entirely from the opposite side 
by any convenient method. One 
method is to mount the smooth face of 
the sample on the flat ground face of a 
small steel block and remove the bulk 
of the metal by hand filing or by surface 
grinding. A suitable mounting mate- 
rial such as DeKhotinsky cement is 
required to hold the thin sample on the 
steel block against the grinding or filing 
action. An alternate method may be 
to mount the small flat sample in a 
transparent plastic material in a suitable 
molding press. After the sample has 
been filed down to approximately 0.010 
in. thick it is removed from the steel 
block, described above, and ground 


down to the required thickness by hand ee 
on abrasive paper. As the sample is rene 
too thin to be held in the fingers for the 
sanding operation, some holder must be ise 


devised. A simple holder may be made 
by using a No. 9 rubber stopper. The 
sample may be made to adhere to the 
rubber stopper by coating the polished 
side with a thin layer of rubber cement 
which has been diluted with three times 
its volume of benzol or other thinner. 
Samples 3 in. square have been ground 
flat to 0.001 in. thick with very little 
trouble by this method. 

The application of the microradio- 
graphic technique depends to a large 
extent upon the proper understanding 
of the physical factors involved. Detail 
registered on the film or plate is entirely 
due to differences in absorption of the 
X-ray beam passing through the sample. 
Low-voltage radiation, in general, will 
give the greatest difference in absorp- 
tion between constituents in the sample. 
However, more specific information can 
be abtained by taking advantage of the 
monochromatic X-radiation generated 
from different target materials in the 
X-ray tube and by the characteristic 
absorption edges of the different ele- 
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Fic. 8.—Eutectic Type Oxide Inclusions Shown in a Steel Sample Microradiograph. No attempt 
to use the characteristic radiation for selective absorption (X 100). 
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Fic. 9.—Same Sample Shown in Fig. 8, Using the Selective Absorption of the Characteristic Radiation 
to Give Specific Information (X 100). 
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ments in the sample. Figures 8 and 9 
show the microradiograph of an identical 
steel sample taken by utilizing different 
characteristic monochromatic wave 
lengths produced by different X-ray 
tube targets. 

An eutectic oxide structure is shown in 
both Figs. 8 and 9. However, Fig. 9 
shows a rather faint and diffuse white 
outline indicating a segregation by an 


atom having a characteristic absorption 
edge in the wave length region of the 
monochromatic X-ray beam. This ab- 
sorption effect still persists in reduced 


amount by using a radiation only 
slightly shorter in wave length than 
that used in Fig. 9. Radiation in which 
the principal wave length is either 
longer or shorter than described above 
does not show this segregation. 

Other uses for the microradiographic 
technique are only limited by the skill 
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and initiative of the operator. Figure 
10 shows the condition obtained when 
heavy elements and light elements are 
both present as a dispersed phase in a 
leaded steel sample. The white parti- 
cles are free lead and the dark particles 
are sulphide inclusions. Microscopic 
examination of the sample was very 
confusing. 

Examination of the light metals by 


Fic. 10.—Microradiograph of Lead Steel (< 100). 


the microradiographic method is par- 
ticularly easy and plates can be made 
showing considerable contrast and de- 
tail. Figure 11 is a section of an air- 
craft cylinder head adjacent to a weld 
area. An entirely different picture is 
obtained with the coarse cast structure 
of a 4 per cent copper, aluminum alloy 
shown in Fig. 12. 

Considerable controversy exists at 
present as to whether the microradio- 
graphic method applied to the light 
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Fic. 11.—Microradiograph of Aluminum Cylinder Head Adjacent to a Weld Area (X 100). 


The sample used was 0.015 in. thick giving more complete examination due to the added depth, than possible micro 
scopically. 


M 
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| 
} 9 Fic. 12.—Excellent Detail and Contrast Shown in Microradiograph of Cast Aluminum Alloy (X 100). Ate 


alloys gives any information not ob- 
tainable by other methods. Specific 
applications utilizing this method of 
investigation will undoubtedly be used 
where theoretical consideration has been 
given to its full possibilities. For ex- 
ample, microradiographs of a series of 
aluminum alloys to which increasing 
amounts of an addition agent had been 
added gave a clearer picture of the 
structural changes occurring than the 
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recommended. Development of the 
high-resolution plate is most conven- 
iently done in standard X-ray developer 
for 2 to4 min. An alternate method of 
developing is to use Eastman X-Ray 
Replenisher solution, adding sufficient 
potassium bromide to restrain chemical 
fogging. Use of the undiluted replen- 
isher solution for development of high- 
resolution plates allows a reduction of 
the exposure time up to a approximately 
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vid 
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single cross-section used for micro- 
scopical study. Utilization of possible 
characteristic absorption effects have 
not been reported sufficiently in the 
literature to establish the possibilities 
of this method to light metal alloys. 
Choice of films for registering the fine 
detail of the microradiographic process 
will depend upon the magnification one 
wishes to use to examine the resulting 
image. For magnifications of 50X or 
over, the Eastman Kodak Co. high- 
resolution emulsion on plates or films is 


half the time required for the standard 
X-ray developing solution. Fresh solu- 
tions must be used for each plate to 
prevent staining and irregular results. 

Considerable improvement in results 
may be obtained by proper viewing of 
the microradiographic images at the 
higher magnifications. Figure 13 shows 
a microscopic unit ideally designed for 
viewing microradiographic plates. Ex- 
perience has shown that best results 
will be obtained with an image density 
between three and five. This requires 
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a strong viewing light which is obtained 
by the tungsten arc lamp used on the 
unit illustrated. A substage condenser 
of the Abbé type is used to focus the 
light onto the plate being examined 
under the microscope. A condensed 
light beam for viewing purposes in- 
creases both the clarity and apparent 
contrast of the images under the 
microscope. 


SENSITIVITY OF THE X-RAY PROCESS 


Methods have been previously dis- 
cussed in this paper to control the 
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tivity of the X-ray process as universally 
adopted consists in placing a penetram- 
eter gage on top of the section being 
examined. The dimensions and design 
of penetrameter gages is specified by 
national technical societies and by Gov- 
ernment specifications. In general, the 


gages used consist of material of the same 
composition or absorption as the part 
being X-rayed with a thickness of 2.0 
per cent of the metal being examined. 
One or more fine holes are drilled in the 
gage which must register on the film for 


T 
| 220-ky. Unit = 
Medicol Tube 


4 


“ 


| 


1000-kv. Unit 


(No Diaphragm on Tube) | 


400-v. 


—220-ky. Unit 


x AA—/40-kv. Unit 


—70-kv. Unit 


2 4 


6 8 


Apparent Focal Size, mm. 
Fic. 14. 4—D/T Ratio Experimentally Determined for a Number of X-ray Units. 


amount of scattered radiation reaching 
the film by the use of filters, blocking 
methods, and X-ray beam diaphragms. 
However, the detection of small defects 
is still limited by the image sharpness 
resulting from radiation other than 
from a point source. The eye can 
detect small differences in density pro- 
vided the difference in density is rather 
sharp.’ Broad focal spot X-ray tubes 
diffuse the image of small defects which 
readily escape detection by eye even 
with an appreciable difference in den- 
sity. 

The method for observing the sensi- 


5 R. Glocker, “Materialpriifung mit Rdatgenstrahlen,” 
p. 71, Julius Springer, Berlin (1936). 


acceptable radiographic technique. The 
2.0 per cent gage thickness can be easily 
registered on the X-ray film with aver- 
age X-ray technique. The small holes 
in the penetrameter are often difficult 
to distinguish on the X-ray film unless 
particular attention is paid to image 
sharpness and maximum film contrast. 
Actual sensitivity of the radiographic 
process is in the ratio of the smallest 
thickness or dimensions of a defect which 
can be observed on the film to the thick- 
ness of adjacent sound metal. The 
determination of actual sensitivity can 
be approximated in any section by the 
use of artificial defects such as drilled 
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holes or slots or by the use of a metal 
wedge containing milled grooves of 
various depths. Penetrameter or gage 
sensitivity should only be considered as 
a check on the technical factors of the 
radiographic process. 

The sharpness of radiographic detail 
is determined by the size of the X-ray 
tube focal area and the relative distance 
between the tube and object and X-ray 
film and top of the object. A number of 
methods may be used to determine the 
optimum distance ratios or D/T ratio, 
where D is the tube to object distance 
and T is the film to top of object dis- 
tance. A standard artificially built-up 
test block has been devised by Lester 
for determining this ratio. The ratio 
can best be determined by the purchaser 
of individual X-ray units. Figure 14 
shows the D/T ratio experimentally 
determined for a number of X-ray units. 

As an example, a steel casting is to be 


. X-rayed on a 220-kv. unit with the film 


to top of object distance equal to 3.0 
in. The curve in Fig. 14 shows that a 
tube distance of 78 in. is required to 
produce acceptable image sharpness on 
the film. General practice in X-ray 
inspection laboratories in the past has 
been to use an object to tube distance 
which would give an exposure time con- 
venient to operating conditions without 
too much regard for image sharpness. 
The curve in Fig. 14 shows that a Med- 
ical Therapy X-ray tube, with focal area 
of 12 by 12 mm., would require pro- 
hibitively long tube to work distances 
to secure adequate image sharpness. 
The focal target area of the million- 
volt X-ray unit can be varied to suit the 
electron energy input required for the 
exposure. For low milliamperage re- 
quirements, a focal area as small as 2 
mm. in diameter may be used. Actual 


6H. H. Lester, ‘“‘Some Aspects of Radiographic Sensi- 
tivity in Testing with X-rays,’”” ASTM BuLtetin, No. 
100, October, 1939, p. 33.0 
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measurement of the focal area is difficult 
and requires rather complicated equip- 
ment. The D/T ratio given for the 
million-volt unit in Fig. 14 was experi- 
mentally determined by a test object as 
described above. The point on the 
curve of Fig. 14 is for the maximum 
milliamperage used with the million-volt 
unit and hence the largest focal area. 
Actual tests with two different focal 
spot measuring devices agree very well 
with the experimentally determined 
equivalent focal area. , 

The radiographic sensitivity obtain- 
able in practice can be roughly deter- 
mined by a theoretical study of those 
factors which affect the film-viewing 
conditions; the variables contained in 


the simple absorption equation oct) 


ii, = eu 


where: 


I, = primary X-ray beam _ intensity, 


] = transmitted X-ray intensity, 

u = absorption coefficient, a 

t = section thickness, and 
e = base of natural logarithm; oe ” 


and the effect of scattered radiation in 
the object or adjacent surfaces. A more 
practical approach to the problem of 
securing maximum sensitivity in the 
radiographic examination of compli- 
cated sections for the average com- 
mercial laboratory may be by the trial- 
and-error method. An understanding 
of those physical conditions that produce 
undesirable results in a radiograph is 
of invaluable aid in establishing tech- 
nique by the trial-and-error method. 
Some of these undesirable factors will 


be considered in the following papers of 


this Symposium. 
One of the most useful aids in deter- 


mining the quality of a radiograph of a — i 


complex casting is the tungsten wire 
grid. The grid is constructed by wind- 
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ing tungsten wire 0.010 in. in diameter 
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around a thin flat frame of suitable 
dimensions in a close spiral. Tungsten 
wire is recommended as it is quite 
opaque to the wide range of voltages 
required in general radiographic work. 
Placing the tungsten grid on top of the 
casting during the test exposure will give 
indications on the film of most of the 
undesirable effects ordinarily encoun- 
tered in radiography. An example of 
the use of the tungsten grid on a light 
alloy casting is shown in Figs. 3 and 4. 
The scattering effect is markedly re- 
duced in X-raying this casting with a 
0.5-mm. copper filter at the X-ray tube 
port. The original X-ray film shows 
that an actual increase in defect detail 
has been obtained by the use of proper 
filtration of the primary beam. Lack 
of primary beam penetration as shown 
by the disappearance of the grid wire 
image on the film is very useful in deter- 
mining the completeness of the radio- 
graphic exposure. A common mistake 
in radiographic inspection is the failure 
of the X-ray operator to determine the 
true limits of primary beam penetration 
in complicated shaped castings. 
Considerable disagreement exists in 
the determination of radiographic sensi- 
tivity. Use of the penetrameter gage 
serves a useful purpose but the results 
must always be expressed in terms of 
gage sensitivity. A large amount of 
information on sensitivity of the radio- 
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graphic process, both from a theoretical 
and practical standpoint, has been 
accumulated in recent years and it is 
expected that a reliable and universally 
adopted procedure will result. 


‘ 
CONCLUSION 


The radiographic process as applied to 
war production problems has _ been 
reviewed. Application of X-ray in- 
spection has multiplied many times in 
the past year, and will undoubtedly 
increase as the special demands of the 
armament program increase. Some 
practical applications to large-volume 
production inspection have been dis- 
cussed for both low-voltage and high- 
voltage X-ray practice. Special appli- 
cations of X-ray examination as in spot 
welding and microradiography have 
been given considerable attention, and 
new methods and applications developed 
for the latter purpose are outlined. 

The experience gained on present 
X-ray examination of high-strength cast- 
ings indicates a possible increased use of 
X-ray inspection on high-strength cast- 
ings for future peace-time purposes. 
X-ray equipment which may be avail- 
able in the future will include small-size 
and multi-million-voltage outfits. The 
known methods of accelerating electrons 
to high velocities without high potentials 
give a hint as to possible future dev elop- 
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Mr. RoBert Katz.'—You mentioned 
that steel castings are inspected by X-ray 
and magnetic methods. I wish you 
would expand on that, because of some 
past controversy in this field. 

Mr. Don M. McCutcHeon.?—Cast 
steel parts for use in aircraft are designed 
and heat treated to produce the best 
strength for weight-saving purposes. 
They must be cast as sound as possible, 
and must also be free from any defect, 
such as cracks which might be inherent 
in the hardening or strengthening meth- 
ods. The X-ray method is useful in 
determining and checking on the casting 
methods, and the magnetic inspection 
method is essential for those types of de- 
fects common to the process of hardening 


1 Army Air Forces, Wright Field, Dayton, Ohio. 
2 Metallurgical Engineer, Main Laboratory, Rouge 
Plant, Ford Motor Co., Dearborn, Mich. 
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or strengthening steel. They are not to 
be confused as overlapping or detecting 
the same type of defects. The use of 
X-rays should be limited to its special 
field. 

Mr. Otto ZMESKAL.*—What develop- 
ments can be expected in the line of reg- 
istering devices? Can we expect the 
increased use of the Geiger counter? 
Will we have higher and higher sensi- 
tivity films, or are there limits in those 
directions? 

Mr. McCutcueon.—The develop- 
ments of the future may surprise us. 
The X-ray method as used at present is 
almost entirely photographic. I know 
of a number of attempts to register de- 
fects electrically, but they have not been 
too successful. 


3 Assistant Professor of Metallurgy, Illinois Institute 
of Technology, Chicago, Ill 
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The material in this paper consists of developments in the general art of 
radiography of welds which have come into use since 1936 when an earlier 
Symposium on Radiography and X-ray Diffraction Methods was held by 
this Society. The excellent papers given at that time represented the best 
practices in use. Since that time, a number of developments have been 
made which are covered in the present paper. 

The maximum available voltage has been raised from 400,000 v. to 1,000,000 
v. This development has allowed many further improvements in technique. 
Not only has it raised by many inches the maximum weld thickness which can 
be radiographed, but it also has allowed the wider use of lead intensifying 
screens to improve detail in the exograph. It also gives superior techniques 
for many special applications. 

New fine-grained, high-contrast films have come into use which improve 
greatly the detail of exographs and gammagraphs. Techniques such as 
double-film viewing, which present many advantages, have come into use, 
and the trend toward longer film lengths for special cases is discussed. 

There have been some changes in code requirements which have come 
about as a result of wider experience, and these changes are discussed. 


Committee accepted fusion-welded pres- 
sure vessels, making radiographic inspec- 
tion of the main welds mandatory 
for vessels of hazardous service require- 
ments. Since that time, a large number 
of other codes have written X-ray 
inspection into their specifications, wher- 


results. 


of nondestructive testing. Notwith- 


1Metallurgist, Combustion Co., Inc., 


In 1930, the United States Navy in standing the tremendous strides made in 
accepting fusion-welded boiler drums welding, there still exist a large number 
made radiographing mandatory for non- Of variables hard to control, not only in 
destructive testing of the main welds. ™anual welding, due to the human 
In 1931, the A.S.M.E. Boiler Code element, but also in automatic welding. 
Not infrequently, severe defects are 
detected and repaired. The excellent 
service records of vessels so inspected 
has done much to further the use of 
welding and instill confidence in its 


Qualification tests of welding operators 
show that these operators can make a 
ever possible loss of life or serious good weld under fairly ideal conditions. 
property damage might result from a_ It does not assure, however, that day in 
7 failure due to faulty welding. The and day out, regardless of the operator’s 
___ experience gained through many years Physical condition, he can or will 

has confirmed the necessity for this type ©nsiStently obtain such quality. Simi- 
larly, when a welding procedure is 

qualified, it is no guarantee that that 
procedure will give consistently high- 
quality results, for some variables, of 
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Fic. 2.—400-ky.p. Machine. 1936 model. 
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which there are many, may not have 
been taken into account in drawing up 
that procedure. The procedure quali- 
fication is definitely helpful, but is no 
100 per cent guarantee of weld quality. 
Consequently, where welds must with- 
stand severe service requirements, as 
they are doing today in pressure vessels 
and various ordnance parts, the X-ray 
inspection is very justifiable. This is 
especially true for welds on air-harden- 
ing steels, of which there has been an 
increasing use. 

Today, the Navy, the Army, the 
Coast Guard, the American Bureau of 
Shipping, the American Society of 
Mechanical Engineers, various insurance 
agencies, and chemical concerns, among 
many others, have formulated specific 
X-ray requirements. Many times, con- 
troversy arises over various borderline 
defects, and it is in timés such as these 
that controversy results in more definite 
specifications as to allowable defects. 
Obviously, the ideal X-ray inspection is 
one that does not vary from one inspector 
to another. The fulfillment of this, in 
turn, rests upon the closer classification 
of borderline defects, the improvement 
of X-ray techniques so as to obtain the 
clearest or most easily interpreted radio- 
graphs, and many other factors, all of 
which are greatly dependent upon ex- 
perience. It is questions such as these— 
not only in X-ray specifications, but in 
all specifications—that are being ironed 
out in these times. 

At the 1936 Symposium on Radi- 
ography and X-Ray Diffraction Meth- 
ods, a number of very excellent papers 
on radiography were presented. A few 
developments since that time are pre- 
sented in this paper. There has been a 
fairly voluminous literature on various 
phases of the subject since 1936. The 
principles, in the main, however, remain 
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One of the largest single developments 
was the recent development, by General 
Electric Co., of a portable 1,000,000-v. 
industrial X-ray machine. This devel- 
opment, a large one in itself, has allowed 
further refinements in techniques. These 
refinements have been known for some 
time, but not generally used because of 
voltage limitations. This limitation has 
now been eliminated, the maximum 
available voltage being jumped in one 
step from 400,000 v. to 1,000,000 v., 
with consequent far-reaching effects. 

The industry today is fortunate in 
having such a wide range of equipment 
available, ranging from 5000 v. for 
microradiographic work to 1,000,000 v. 
for radiographing welds in heavy plate. 
In addition to this increase in range of 
available voltages, the over-all porta- 
bility and adjustability of the machines 
has been somewhat improved. 

Figure 1 shows a 220-kv.p. machine 
in use for radiographing relatively light 
thicknesses. This particular machine 
was first produced early in 1938. The 
position of the tube can be universally 
adjusted and the entire machine can 
readily be moved to almost anywhere in 
the shop. A 250-kv.p. machine of the 
same general design has been in use 
since 1940. 

Figure 2 shows a 400-kv.p. machine in 
use since 1936. This machine can be 
moved fixed distances along its tracks 
and has sufficient positioning adjust- 
ments for most purposes. A later model 
of this machine has been developed in 
which the tube is self-rectifying. A 
better wave form exists, allowing 
slightly better radiographs. This ma- 
chine is shown in Fig. 3. These ma- 
chines are all oil insulated and of 


shockproof design. 
Figure 4 shows a 1000-kv.p. machine 
produced in 1941. 


This machine is 
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Fic. 3.—400-kv.p. Machine. 
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housed in a special concrete building. 
It has especially good positioning ad- 
justments. The entire unit is assembled 
in a cradle carried by an overhead crane. 
It can be traversed in three directions 
by the crane, can be rotated 360 deg. on 
the yoke of the cradle, and can be 
rotated on trunnions in the cradle from 
the vertical to the horizontal position. 
With this range of equipment, welds 
in steel up to 6 and 7 in. in thickness can 
be radiographed in a reasonable time. 


TECHNIQUE 


In the recent past, when 400,000 v. 
was the highest available for industrial 
work, it had become the practice in our 
shops to use a Bucky diaphragm at 
thicknesses of 2 in. and above, in the 
interest of clarity of exograph. This 
diaphragm eliminated much of the scat- 
tered radiation, but, at the same time, 
considerably increased exposure times. 
Suitable exographs on heavy plate, how- 
ever, could not be obtained without it. 
Figure 5 shows a semi-log graph showing 
exposure times required by a 400-kv.p. 
machine with and without the Bucky 
diaphragm. It can be seen that at about 
5 in. of thickness, exposure times become 
excessive. Only last year, it required 
73 hr. to X-ray 12 in. of weld in a 54-in. 
plate. With theadvent of the 1000-kv.p. 
machine, these exographs were obtained 
in 10 min. and the use of the Bucky 
diaphragm was virtually eliminated, all 
thicknesses at which it would ordinarily 
be used being radiographed on a 1000- 
kv.p. machine. At the same time, it is 
now possible to radiograph much heavier 
weld thicknesses, and this in a reason- 
able time. 

It has been general practice to use cal- 
cium tungstate, or fluorescent, screens in 
combination with industrial X-ray films 
in order to keep exposure times at a mini- 
mum. Especially at the lower kilovolt- 
ages, these screens havea high intensifica- 
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tion factor. It had been recognized that 
lead screens, in combination with no- 
screen (direct-exposure) film, would give 
better quality exographs, but because of 
their lower intensification factor, did not 
find general use at voltages up to 400,000 v. 
With the advent of the 1000-kv.p. ma- 
chine, however, the lower kilovoltage 
machines could be used for radiographing 
considerably lighter thicknesses for which 
they had more than ample power. The 
road was then paved for use of lead 
screens, their lower intensification factor 
being offset by use of higher voltages. 
The increased clarity of detail is con- 
siderable. At one manufacturer’s plant 
using this technique, welds up to ? in. 
are radiographed with 220 or 250-kv.p. 
machines; welds from ? to 1? in. are 
radiographed with 400-kv.p. machines; 
and welds above 13 in. are radiographed 
on a 1000-ky.p. machine. Front screens 
0.005 in. thick and back screens 0.010 in. 
thick are used in combination with fine- 
grained, high-contrast film, recently 
marketed by film manufacturers. Very > 
excellent results are obtained with this 
combination on all machines, at exposure 
times for welds up to 12 in. thick but 
slightly longer than those used before 
with tungstate screens. For welds 
greater than 17 in. thick, the exposure 
times required are much lessthan before. 
Figure 6 shows a composite technique — 
chart for thicknesses from 0 to 6 in. It 
can be noted that a filter between the 
plate and the film is used on the 1000- 
ky.p. machine. This filter is necessary 
at the heavier thicknesses to stop the 
scattered and secondary radiation from 
the plate. 

Figures 7 to 11 show a series of ex- _ 
ographs containing typical defects in 
material } to 4 in. thick. These ex- 
ographs were taken using the techniques — 
described above. 

The builders of pressure vessels, in 
the main, are fortunate in that the ma- 
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jority of welds are butt welds. These 
welds are usually ground flush with the 
plate and any flaws that are present are 
generally orientated such that a single 
direction X-ray is all that is required. 
Certain types of nozzle welds are some- 
times required to be X-rayed. These 
welds may be of varying thicknesses, 
and in cases such as these, each job must 
be considered separately and a suitable 
technique worked out. The tube may be 
placed such that the rays pass through 
the thinner section at a greater angle; 
masking technique may be used to build 
up to uniform thicknesses with a material 
of suitable density; or a filter may be 
placed in the X-ray beam to decrease 
contrast. The various techniques are 
well known and have been well covered 
in the literature. 

In order to insure that a film showing 
proper detail is being obtained, most 
codes specify a penetrameter or sensi- 
tivity gage which must show on every 
exograph. The A.S.M.E. Code penetram- 
eter has become more or less standard. 
It consists of a piece of material ap- 
proximately the same as that being X- 
rayed, which has a thickness of 2 per 
cent of the thickness of the weld being 
radiographed, and in it are drilled three 
holes of diameters 4 per cent, 6 per cent, 
and 8 per cent of the thickness of the 
weld being radiographed. These pene- 
trameters are placed on the tube side 
of the weld, two for every film, and are 
placed such that one shows on each end 
of the film, where the angularity of the 
rays is greatest. The outline of the 
penetrameter and all three holes must 
show clearly to indicate a satisfactory 
technique. These penetrameters can be 
seen on the exographs of Figs. 7 through 
11. Figure 12 shows the standard di- 
mensions. 

Previous to the use of this type of 
penetrameter, the A.S.M.E. Code speci- 
fied the use of a step-type penetrameter. 


It consisted of a series of steps, each step 
representing 2 per cent of a certain 
thickness. One penetrameter was used 
up to 2-in. thickness, and another be- 
tween 2 and 4 in. In use, the step 
representing 2 per cent of the thickness 
being radiographed should show up 
clearly. Actually, however, the steps 
representing heavier thicknesses than 
that being radiographed showed easily, 
and with these as a reference mark, it 
could be easily imagined that the proper 
step also showed with enough clarity. 
The new type penetrameter, being of a 
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Diameter of holes 2,3 and 4 times 
the thickness of penetrameter but 
not less than 
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Thick or Less 


12.—Standard Dimensions of Penetra- 
meters. 
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single thickness, does not have this 
disadvantage. 

It is general practice to radiograph 
pressure vessels before the stress-reliev- 
ing operation. Ifa vessel, after welding, 
is out of round beyond the tolerance 
limit set by the codes, it is usually 
rounded up, radiographed, and then 
stress-relieved. With some alloy steels, 
however, the heat treatment temper- 
ature is high and the vessels sometimes 
sag in the furnace. This necessitates 
rounding up after the heat treatment, 
and the vessel is radiographed again 
after such rounding up to insure that no 
cracks were formed in the rounding 
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operation. Figure 13 shows an exograph 
with this type of crack. 

It is general practice to use films 17 in. 
long and 33 or 43 in. wide, with the 43-in. 
film showing preference in order to 
minimize retakes because of faulty 
centering. On girth or circumferential 
weld seams, films 10 in. long are generally 
used so that the film can be kept closer 
to the seam. These practices may or 


may not hold when radiographing with 
the new 1000-kv.p. machine. On the 
thinner thicknesses radiographed with 
this machine, the focal distance may be 
increased sufficiently so that film lengths 
of 34 in. can be used. The use of this 
technique depends upon whether the 
X-ray room is large enough to allow 
sufficient head room for the machine, 
so that a long enough focal distance to 
minimize angularity at the ends of the 
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film can be obtained. The 1000-kv.p. 
machine is also used in the radiographing 
of girth seams with a single exposure. 
The focal spot of the 1000-kv.p. X-ray 
tube is at the outer end of a long cylinder 
extending from the tube head. The 
main beam of X-rays generated at the 
anode passes straight through it and 
other rays leave it in all directions. The 
focal spot can then be inserted into the 


at 


Machine in Position for G 


manholes on either end of a drum, far 
enough so that the girth seam, holding 
the head to the main shell, can be radi- 
ographed from the inside out. With 
this technique, and wrapping film around 
the outside circumference of the welded 
seam, the entire seam can be radio- 
graphed in one exposure. The full 
advantages of this technique have not 
yet been fully realized because of set-up 
difficulties. Lead screens, without suit- 
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able backing, cannot be used because the 
bending wrinkles them and causes the 
film to have a mottled appearance. A 
lead-impregnated rubber sheeting, known 
as XRP sheeting, marketed by General 
Electric X-Ray Corp. has been tried 
with good results. Other difficulties, 
however, are that a filter of lead, copper, 
or brass, or some other suitable material, 
must be placed over the film and between 
the film and the weld seam to stop 
scattered radiation. The entire combi- 
nation then requires a bulky set-up. 
No doubt, however, mechanical means 
to simplify this will soon be perfected. 
Figure 14 shows the machine in position 
to radiograph a seam such as this. Fig- 
ure 15 shows two exographs of the same 
spot on 5}-in. plate, one using the con- 
ventional lead screens and the other the 
XRP sheeting. Equal detail is present 
in both, but the exposure time required 
with the sheeting was twice that required 
with the lead screens. The 1000-kv.p. 
machine has a host of other advantages 
in special applications, but these will be 
covered in other papers. 

There is another technique finding 
wide use, especially on the heavier 
thicknesses, a technique known as double- 
film viewing. An exposure is made with 
two films in the same cassette. Any 
defects present in the weld show on each 
film, and by viewing the films simultane- 
ously, the defects can be picked out very 
nicely by sliding the films over each other 
until corresponding parts of the films 
are superimposed. This technique has 
many advantages. It eliminates retakes 
due to film defects, since any defects not 
present on both films are necessarily not 
weld defects. It has an advantage in 
radiographing differential thicknesses, 
since the darkest portion of the film can 
be interpreted by single-film viewing 
and the lightest by double-film viewing. 
It decreases exposure times, since the 


over-all required density is the sum of 
the densities of each film. 


DEFECTS 


should be allowed and which should be 
removed—is still a controversial one. 
Obviously, a crack of any size should be 
removed, and the codes so specify. 


the other hand, the questions of just 


exactly how much porosity is definitely — 


detrimental or what slag inclusions can i f 


The AS. 


to everyone’s satisfaction. 


M.E. Boilder Code at the present time at 


judges acceptable or unacceptable po- 
rosity by comparison 
standard films. 


the film may be tolerated in heavy welds 
than in thin welds. 


the lighter welds. 

on which the single standard of porosity 
is justified. In radiographing with 
1,000,000 v., however, porosity is picked 
up very clearly in heavy welds, and this 
may justify a reconsideration of the code 
requirements. 

Conversely, the present code allows a 
slag inclusion of length 47 where T is 
the weld thickness. These inclusions 
must be separated by 6Z where L is the 


length of the longest inclusion, and their 


total length when added together must 
be not more than T in a length of 127. 
These requirements, then, would allow 
a slag inclusion 13 in. long in 5-in. plate. 
This is more likely to be dangerous than 
considerable porosity in this thickness. 
erage. if two slag inclusions of lengths 
4 in. each were present in a weld of this 


thick cness and separated by in. of 


In the past, po- © 
rosity in heavy welds was not as easily , ; 


with a set of 
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are shown in fig. 16. Thisstandard set 
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metal, the total length end to end of 
the inclusions would be 13 in., which is 
within the allowable length of a,gingle 
inclusion’ This double inclusion, héw- 
ever, is not allowable, since the inclusions 
are not separated by the requisite length 
of 6L. On light plate, acceptable po- 
rosity may occupy a good percentage of 
the total weld volume, but one small slag 
inclusion may have to be removed. The 
question then arises as to how to differ- 
entiate a small slag inclusion from a 
similar size porosity spot. 

It is realized that the whole question 
is a difficult one to solve. The actual 
weld is three-dimensional; the exograph 
is only two-dimensional. Much work 
is being done, however, in an attempt 
to determine just how detrimental vari- 
ous defects are. Some manufacturers 
have built boiler drums and purposely 
added known defects and then tested the 
drum in fatigue above its designed work- 
ing pressure until failure occurred. The 
indications thus far are that the weld 
defects are not so detrimental! as hitherto 
supposed. When sufficient data such as 
these are collected, there will be a better 
groundwork upon which to base code 
requirements. Without such a basis, 
caution was observed as the wisest 
course. The lack of any serious failures 
has so far justified this course. 
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CONCLUSION 


The field of industrial radiography has 
grown “enormously. Much*of.the-pres- 
ent-day speed of production has resulted 
from welding. This increased use of 
welding has necessitated a considerable 
increase in the number of radiographic 
units in use, not only in the pressure 
vessel field, but also for spot checks in 
various structural welds not required to 
be radiographed in their entirety. Simi- 
larly, the field of gamma-ray radiography 
is expanding. It is finding considerable 
use especially in examinations in the 
field. The use of the newly developed 
fine-grained, high contrast film has like- 
wise improved the detail of gamma- 
graphs. Undoubtedly, the present era 
will give a further impetus to industrial 
radiography much like that given medi- 
cal radiography in World War I. 
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‘DI SCUSSION 


Mr. Don M. McCutcnueon.'—The 
author, in mentioning X-raying girth 
seams, described the use of two lead 
filters and a screen. Just what is meant 
by the third screen? 

Mr. R. E. Lorentz, Jr.*—First of all, 
one must havea heavy filter between the 
film and the plate to absorb scattered ra- 
diation, that is, radiation scattered in the 
plate thickness. Secondly, behind the 
cassette holding the film, one must have 
another filter of lead or some other 
suitable material to stop radiation scat- 
tered from the room itself. Thirdly, 
inside the cassette one should have in- 
tensifying screens of some sort, either 
lead screens or some other suitable ma- 
terial which is flexible and can be bent 
around the outside of the seam. 

There is the following difficulty with 
this type of X-raying: When the lead 
screens, within which the films are 
wrapped, are placed around the circum- 
ference of the seam, the screens wrinkle 
and give the films a mottled appearance 
because there is not a close contact at all 
times with the film. The lead must be 
backed with some suitable material such 
as aluminum to keep the screen from 
wrinkling. A different intensifying 
screen rather than a lead screen may also 
be used. The General Electric Co. has a 
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rubber impregnated with lead, w hich can 
be used in place of the lead screensasan > 


an exograph can be secured as with the 


lead screen, but with a lower intensifica-_ 


tion factor. 


trameters when X-raying a boiler, for 
instance, from the inside? 

Mr. LORENTZ. 
are placed on the inside, adjacent to the 
weld, one penetrameter mounted on each 
quarter. 
eters. 

Mr. A. L. 


There are just four penetram- | 
> 


—The penetrameters 


—I should 2 


like to ask Mr. Lorentz whether he has __ 


used the stereoscopic method for examin- 
ation of welds. 


ible to follow beads, 


We have found it possi- 
cracks and all | 


various defects right down through a ~ 
weld 2 or 3 in. thick in that manner, = 


Mr. Lorentz.—No, we have not. 


W e have going mainly on judgment. 


which es been used, and we can gener- 
ally judge from the defect approximately __ 


—not always—where that defect is, and 
so know where to go for removal. We 


have not used the stereoscopic method | 


except for special purposes. 
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The purpose of this paper is to provide 
radiographers who are already familiar 
with the X-ray examination of aluminum 
alloy castings with information required 
for the satisfactory examination of mag- 
nesium castings. This information con- 
sists of measurements of penetration, of 
sensitivity, and of scattered radiation. 

Penetration data can best be repre- 
sented by the two types of calibration 
graphs shown in Fig. 1. Figure 1(a) 
shows the kilovoltage required to pene- 
trate a given thickness of magnesium 
with a selected exposure factor. Figure 
1(6) shows the exposure factor required 
to penetrate a given thickness of mag- 
nesium with a selected kilovoltage. 
These curves show that, so far as pene- 
tration is concerned, 1.9 in. of the mag- 
nesium alloy is equivalent to 1.35 in. of 
aluminum, or 1.0 in. of the 4 per cent 
copper aluminum alloy. They also show 
that 55 kv.p. X-rays penetrate mag- 


nesium as easily as 68 kv.p. X-rays 
penetrate duralumin. From the slope 
of the curves in Fig. 1(d), it is evi- 


dent that for 70-kv.p. filtered radiation, 
the half-value layer for magnesium is 
0.60 in., whereas for aluminum the half- 
value layer is 0.43 in. and for duralumin 
it is 0.33 in. 

For the radiography of material of 
constant thickness such as magnesium 
sheet, it is important to know how the 
sensitivity varies with the kilovoltage. 
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E CALIBRATION DATA AND SCATTER MEASUREMENTS me 
THE RADIOGRAP ‘HY OF MAGNESIUM AIRCRAFT CAS TING Ss 


Experiments were made with a block of 
magnesium alloy 1 in. thick and con- 
taining milled grooves 1/8 in. wide and 
10, 5, 2, and 1 per cent deep in the top 
surface. The results shown in Fig. 2 
were obtained by photometry of films 
each of which was exposed to a total 
density of 1.0. 

Although the human eye can _ just 
detect a film density difference of 0.02 
units under favorable conditions, for 
aircraft radiography it is beiter to use the 
more conservative definition of sensi- 
tivity as the difference in metal thickness 
that will produce a film density differ- 
ence of 0.03 units. This definition has 
been used for Fig. 2 and for subsequent 
calibration curves. 

For the radiography of castings in 
which a considerable range of thickness 
occurs, calibration curves similar to the 
type shown in Fig. 3 are essential. The 
vital feature of such calibration curves is 
that they show the range of metal thick- 
ness over which sensitivities of 1, 2, 5, 
and 10 per cent are attained. 

No one such calibration is suitable for 
all the various shapes of casting patterns. 
As with aluminum castings and with 
steel castings, it is of the most funda- 
mental importance to divide magnesium 
aircraft castings into three groups based 
on the manner and degree to which 
secondary radiation spoils the primary 
sensitivity. An appropriate calibration 
must be chosen for each group such that 
when a casting is placed in the proper 
group, scatter does not reduce the 
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claimed penetrameter sensitivity by within the practical limits of exposure 
more than twice. time. In the radiography of aircraft 
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50 Direct 
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1G. 2.—Dependence of Sensitivity on Exposure Factor. 
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Fic. 3.—Calibration Chart of Well-Blocked Castings, 


For “‘well-blocked” castings, the choice castings, the practical range of exposure 
of a suitable calibration is straightfor- time, source film distance; etc., cor- 
ward. It issimply a matter of determin- respond to exposure factors from 0.017 
ing what exposure factor, screens, and © to 1.70, mas. per S.F.D.* and therefore, as 
film will give the maximum sensitivity can be seen from F bei 2, a calibration 
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using screen film with an exposure factor 
of 1.70 is suitable for 
magnesium aircraft castings. 

For “‘moderately blocked” castings, the 


“‘well-blocked”’ 


ings, it issimplest to eliminate the edge loss 
completely by using a direct exposure 
film in a cardboard holder with a back 
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Lead filter 
Exposure Factor =0./7 


Fic. 4.—Calibration Chart for Badly Blocked Castings. _ 


Magnesium Block! 
Ae sate Fic. 5.—Scatter Measurement - Field Size Method. 


duces a marked loss in sensitivity at the 
edges of the image. 
greatly reduced by using a more suitable 
For magnesium cast- 


This loss can be 


cassette design.” of Aircraft Castings,” 


Mi /m 


For “badly blocked” castings, the 
same consideration applies to the i image i 
edges, but a much more serious loss in 


“A Study of Cassette Design for the — 


see p. 1156. 
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sensitivity will occur in the images of Turning now from calibration data to 
thick sections if a calibration like that of scatter measurements, Fig. 5 shows the 


Fig. 3 is used. For these castings, it is experimental method described ~ the 
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Fic. 6.—Film Density - Field Size Curves. 
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Fic. 7.—Ratio of Scatter to Transmitted Intensity (Primary Voltage, 30 to 70 kv.). 


_ essential to use a relatively low exposure Society last year for the measurement of 
factor and a front filter screen. A forward transmitted scatter from the 
calibration chart made with these fea- casting itself. This form of scatter is 


tures and suitable for “‘badly-blocked”’ 2 L. W. Ball, “A Study of Secondary Radiation in Rela 
tion to the Radiography of 


magnesium castings is shown in Fig. 4. Burien, No. 115, March, 1942, p. sil 
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always present, and it is obviously im- 
portant to have information about it. 

The principle of this experimental 
method is that the primary X-ray in- 
tensity is independent of the field size, 
but that the scatter intensity is not. 
Figure 6 shows some results obtained 
with magnesium sheet, and Fig. 7 pre- 
sents the same results in a more usable 
form. These curves show that the ratio 
of the scatter to the transmitted in- 
tensity increases approximately linearly 
with thickness. It is this ratio that is 
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The 0.003-in. front lead screen recom- 
mended for ‘‘badly blocked’ castings 
reduces the effect of scatter from these 
thin sections by providing an_ initial 
filtration equivalent to 0.6 in. of mag- 
nesium. 

In the radiography of aluminum cast- 
ings, the lateral dimensions of all the 
common types of defect are sufficient to 
produce a fairly sharp image with any of 
the usual types of film and screen. But 
for magnesium, the prevalent micro- 
shrinkage is so fine that film grain size 
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Ve Fic. 8.—Relation of Scatter Intensity to Section Thickness (Fixed Exposure.) 


icianae in the radiography of uniform 
sections. 

For “badly blocked” castings, the 
image of one section can receive scatter 
from other sections of different thick- 
nesses, and it is very important to know 
how the intensity of this scatter depends 
on the thickness of the section pro- 
ducing it. 

Figure 8 shows the relation of the in- 
tensity of forward scatter to section 
thickness for magnesium and unfiltered 
70-kv.p. radiation. It reveals the rela- 
tively deleterious effect of thin sections. 


and intensifying screen flare are im- 


portant. 

To provide a precise comparison be- 
tween a fine-grain direct-exposure film 
and ordinary screen film, a slit tapering 
from 0.025 in. to zero width was made in 
a 0.1-in. magnesium sheet, and this was 
radiographed underneath a 2-in. mag- 
nesium block. Photometer traces were 
made across the images of the slit and the 
results are reproduced in Fig. 9. 

It is evident that with fine-grain film, 
the full contrast is maintained even 
down to a width of 0.005 in., but that 
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with fluorescent screens, the contrast 
with a width of 0.005 in. is three times 
less that with a width of 0.020 in. 


that weight for weight ‘magnesium and 

aluminum actually produce very nearly 

the same amount of scatter. What then 

Among the several legends that have is the reason for the belief that mag- 

arisen in radiography is the one that  nesium is difficult to radiograph? One 

possibility is that the low kilovoltage 

required to compensate for the low 

density of magnesium has not often been 

available. Another possibility is that 

Screen Film the relativ ely intense external scatter has 

Avorescent, Screens -_ been mistaken for scatter from the mag- 
 nesium itself. 


| | Direct tests of the relative sensitivity 


| Direct Exposure obtained with magnesium and pure 


eflection 


Photometer 


lead Screens 


0.005 0.0075 0.020 
Crack Width, in. : 
Fic. 9.—Resolving Power Test. 


magnesium produces so much more 
scatter than aluminum‘that good radio- 
graphic quality is unobtainable. Com- 
parison of the measurements presented 
for magnesium in Fig. 7 with those pre- 
sented previously for aluminum* show 


similar results. 
- tests of the sensitivity obtained with 
common duralumin show that the pres- 


aluminum show that actually they give 
However, similar 


ence of 4 per cent copper is sufficient to 
improve the sensitivity by 30 per cent. 
It is possible that the absence of a heavy 
element in the common magnesium 
alloy has been responsible for the sup- 
position that low sensitivity is due to 
abnormal scattering by magnesium. 
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Mr. GiLBert E. Doan.'—What is 
meant by well-blocked and moderately 
blocked castings? 

Mr. L. W. Bati.2—A well-blocked 
casting is one in which scattered radia- 
tion produces no trouble at all. For 
instance, in the radiography of a large 
flat plate, scattered radiation cannot 
reach the film without going through the 
plate. For a well-blocked casting the 
sensitivity attained is just the same as 
with the usual type of penetrameter. 
This type of penetrameter is itself a 
flat block of metal placed on the film. 

A moderately blocked casting is one in 
which trouble occurs only at the edges. 
Scatter from the cassette material is one 
form of trouble that is localized at the 
edge of the image. 

A badly blocked casting is one in 
which scatter from thin sections under- 
cuts into the image of thick sections and 
ruins the image. I have an illustration 
of this in the cassette paper.* If you 
have a thin shell with a thick boss on it 
the radiation penetrating the shell is very 
intense and the scatter it produces is very 
intense. The radiation passing through 
the thick boss is weakened to such an 
extent that the primary sensitivity is ob- 
literated by the scatter. 

Mr. Orro ZMESKAL.*—I should like to 
ask Mr. Ball what density he finds neces- 
sary in his magnesium radiographs to 
get maximum sensitivity. Iknow weare 
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3 See p. 1156. 

Assistant of Illinois Institute 


increasing that density all the time in 
steel work. Is a density above one 
necessary to get maximum reading 
sensitivity? 

Mr. Bati.—lIf you are dealing with a 
uniform thickness, the answer is that up 
to a density of at least two and one-half 
the sensitivity continually improves with 
a direct-exposure type of film. With the 
fluorescent screen type of film maximum 
sensitivity is reached between 1 and 1.5. 

In the radiography of castings one has 
a variation in casting thickness and a 


dense images of thin section and light 
images of heavy sections. The range of 
thickness over which satisfactory sensi- 
tivity is attained is, therefore, very much 
affected by the film characteristics. In 
the radiography of castings a density 
range from 1.0 to 5.0 is satisfactory with 
direct exposure film and a density range 
from 1.0 to 3.0 is satisfactory with screen 
film. 

Mr. H. R. should 
like to ask whether the author has ever 
tried to use a different type of radiation 
other than tungsten, for instance, molyb- 
denum or even copper. 

Mr. Ba.i.—I have tried to use 
voltages lower than the 30 kv., which is 
the usual lower limit of tungsten tubes, 
by using tubes built for crystal structure 
work. I have tried molybdenum target 
tubes at 20 kv. Unfortunately at very 
low voltages fluorescent screens lose their 
speed and so the low-tube output ne- 
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cessitates very long exposures. I think 
that tubes with other targets than tung- 
sten would have to be for very special 
jobs in which you could afford longer 
exposure. 

Mr. ISENBURGER.—We have had oc- 
casion to use molybdenum radiation on 
a difficult exposure of aluminum spot 
welds, with very good results. 

Mr. Batvi.—I think I could lend Mr. 
Isenburger some support there from 
microradiography. In zinc die castings 
we have found cavities of all sizes from 
§ in. down to microscopic limits. To 
study a casting completely we radio- 
graph it to see the big flaws. Then we 
photograph a little section, } mm. thick, 
using a molybdenum target tube and 
one of the grainless films which the Ko- 
dak Co. produces. The film is viewed 
under the microscope and tiny defects 
are revealed. 

When you are pulling test bars, it is 
sometimes interesting to see whether the 
tearing takes place between the crystals 
or through the crystals. That is another 
case in which molybdenum radiation and 
microradiography is worth while. 

Mr. R. S. Busx.'—Could the author 
amplify a little on this comparison of 
porosity and such things as wedges and 
easily seen defects? We have found 
considerable difference, I think, in the 
sensitivity when an ill-defined image is 
present such as porosity, and where there 
is a wedge. 

Mr. Bati.—Yes, I think there is a 
field there which is very important. 

We regard a penetrameter as a basic 
calibration device. When we say the 
penetrameter sensitivity is 1 per cent, 
we do not mean that the sensitivity for 
microporosity is 1 per cent. The sensi- 
tivity for microporosity depends on the 
human eye, the viewing lamp and several 
other things. But from experience we 
say: “‘Here-is a test bar with an accept- 
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tu 


able degree of microporosity in it. A 
technique with 1 per cent penetrameter 
sensitivity showed this condition, so we 
are safe in using the technique.” 

Mr. Busk.—I wonder also whether 
you could expand a little on the use of 


screened films. Do you recommend 
them? 
Mr. Bati.—There is an historical 


factor there. Before the war started, 
we had to persuade foundries to use 
X-rays. It was much easier to persuade 
them to spend $1200 on a little tube than 
it was to spend $5000 on a high-voltage 
tube, so we recommended that they get a 
$1200 tube, 80 kv., and use fluorescent 
screens to get sufficient penetration. 
They had to go to a lot of trouble with 
blocking and the use of carbon tetra- 
chloride, but they did get results. So 
historically we started off with fluores- 
cent screens to bridge the gap between 
$1200 and $5000. 

Today these screen films are restricted 
to the radiography of thick uniform sec- 
tions. For a fixed exposure time, flu- 
orescent screens and low voltage give 
more contrast but less sharpness than 
direct exposure and high voltage. 

Mr. Don M. McCutcHeon.’—With 
regard to penetrameters, there are in- 
numerable cases where you can show to 
best advantage either the penetrameter 
or the casting. If the specifications or 
the people who are supporting the pen- 
etrameters realized that, we would all 
be better off. We have a large number 
of castings where we can improve the 
clarity of the image by proper filtra- 
tion at the tube or at the film, at the 
expense of the penetrameter image. 
This filtration degrades the penetrameter 
quite considerably, but improves the 
image of the casting. The improvement 
obtained by putting the filter on the tube 
is not quite as great as the improvement 


7 Metallurgical Engineer, Main Laboratory, Rouge 
Plant, Ford Motor Co., Dearborn, Mich, 
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by putting it on the film, but it is some- 
times more convenient. 

Mr. H. H. Lester.*—The question of 
the penetrameters comes up, and I 
should like to ask the author whether he 
is regarding the penetrameter as a sensi- 
tivity gage. 

Mr. Bati.—We regard it very de- 
finitely as a basis for sensitivity and as 
a penetration gage, but we have to go 
beyond that and make allowance for 
scattered radiation, etc. 

Mr. Lester.—lI should like to point 
out that there are two concepts of the 
penetrameter. One is the concept that 
the author is illustrating, where the pene- 
trameter is definitely a sensitivity gage. 
There is another, however. I think the 
Boiler Code penetrameter illustrates it. 
The penetrameter that the Boiler Code 
deals with consists of a flat steel plate 
with three holes drilled in it, and that 
penetrameter is placed on the outside of 
the metal adjacent to the source of 
radiation. If the penetrameter images 
show sharply—I mean by that, that the 
edges are clearcut, sharply defined— 
then the image of any defect which is 
more remote from the source of radia- 
tion, and therefore has a more favorable 
d/t (source-cavity to cavity-film distance) 
ratio, should show theoretically with 
greater clarity. Of course there would 
not be any appreciable difference, so 
that this penetrameter indicates princi- 
pally whether the working distance of 
the tube iscorrect. It will give the 
working conditions under which sharp 
images may be expected and that is 
about all that it will do. 

The use of the penetrameter as a sensi- 
tivity gage is another thing altogether. 
It seems to come up more in the radiog- 
raphy of aluminum castings, and I have 
been impressed with the fact that in the 
radiography of aluminum castings radiog- 
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raphy seems to be becoming more and 
more a quantitative tool. In the radiog- 
raphy of steel castings, to which we 
have been accustomed, the radiographic 
picture is rather qualitative than quanti- 
tative. We see the image which indi- 
cates the presence of the defect, but 
we do not always measure the extent of 
that defect because we do not see all 
of the image, and we do not make the 
quantitative measurements which the 
author has been illustrating. I think, 
however, that the aluminum radiography 
is pointing the way for a better use of 
radiography in steel. 

Mr. B. A. Sr_arp.*—Is it not true that 
when we look for sharpness of the image 
we have in mind that we want to see the 
image by eye and we could possibly put 
up with less sharpness if we would con- 
fine ourselves to direct density meas- 
urements? 

Let us take an example: We have a 
flaw somewhere in the metal and we 
forget about locating and identifying it 
by eye. The eye, of course, is not too 
good in making out differences when they 
are gradual from one side of the picture 
toward the center of the flaw. How- 
ever, if we measure the density differ- 
ence between the edge of the image and 
the spot where the flaw is supposed to 
be, we could put up with a considerably 
blurred image, and I would like you to 
discuss the measurements by densitom- 
eter versus visual comparison. 

Mr. Bati.—That is an important 
question which I think I can be specific 
about. With coarse-grained film the 
photometer is no more sensitive than the 
eye for observing sharp images because 
when you take a photometer reading of 
the film you get a background density 
that oscillates as you go through the 
grains. You are looking for a defect, 
which should give a variation in the 
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photometer trace similar to the varia- 
tions in background density. So sensi- 
tive photometry is dependent on the use 
of fine-grained films. With fine-grained 
film, photometry offers a chance of seeing 
things which the eye cannot. 

Mr. SILARD.—Would you restrict this 
to microporosity, or does this hold true 
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we find a density of 0.2 we are certain it 
is under-exposed. If we find a density 
of 0.8, we know that it is an optical 
illusion, probably due to an adjacent 
dense area which made it look under- 
exposed. 

Mr. SILARD.—My third question: Do 
you feel that it will always be necessary 


for large flaws? to include the step of photographing, or 
Mr. Bat.—I think that in the case of is there hope that work can be speeded 
radium radiography photometric analy- up by direct photoelectric or other 
sis is most likely to be useful. For photometric measurement on the fluores- 
example, say you have 16-in. armor plate cent screen or otherwise? 
and you put radium on one side and the Mr. Batt.—For castings I think 
film on the other. The images of the photography is the ideal method. I 
defects will not be sharply defined; they cannot even conceive of anything replac- 
will consist of diffuse variations in den- 


sity. I think that for such blurred 
images, even a simple photometer would 
be superior to the eye, providing you are 
radiographing something like a flat plate 
where your background is easily inter- 
preted. 

Mr. SrLarp.—Another question is 
this: What are the minimum densities 
we are attempting to get? Or, to put it 
in a different way, with regard to the 
minimum densities we want to get, are 
they determined by the shortcomings of 
the eye or are they limited by the sensi- 
tivity of densitometers, and what are, 
actually, those densities? We have seen 
2, 2.5, and higher. Are those actually 
necessitated? 

Mr. Bati.—In the radiography of 
nonuniform subjects the density is one 
part of the jigsaw. What you are trying 
to get out at the end is a certain sensi- 
tivity. For example, the 2 per cent 
sensitivity may correspond to densities 
of 0.6 to 5.0. These densities are inci- 


ing photography. You have in the air- 
craft industry a certain amount of legal 
responsibility. The man in the plane is 
absolutely dependent upon the men who 
put that plane together, and there are 
just no limits to the trouble to which we 
will go. If a plane crashes and it was 


obvious that some part failed, you are 


going to go back into your records. You 
are going to find the radiograph of every 
casting of that pattern, find what was 
the prevalent type of defect. If your 
records are good you will locate the 
individual casting. 

Mr. SILARD.—Would this refer to 
more uniform cross-sections, to armor 
plate and things of that kind, a strip of 
metal or to a welded seam? 

Mr. Bati.—I think in both those 
cases electronic methods offer something. 
There are certain inherent defects in 
forgings in which a wavy background is 
what you get out of a radiograph. To 
the untutored eye it just looks like a bad 


~ 


development, but to the tutored eye it 
is a particular state of that forging which 
is dangerous, and the eye makes a quali- 
tative measurement. It should be pos- 
sible to use photometry and to find some 
device for saying what is good or bad, 
in 


dental to the fact that this is your 2 per 
cent range. 

We use a densitometer many times a 
day. For instance, a film comes in from 
an outside laboratory with a light-look- 
ing spot on it. We may think that it is 
under-exposed. We measure it and if 
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=” is one ing, temperature of melting, and such 
‘ity reason why electrical methods may not things—that are liable to produce hot 
ical be applicable to this type of work. The tears in changes of section. Here elec- 
ent author stated the effect of grain on tric recording might find an application 
ler- the photometry of films. There is an- eliminating films. 
other effect, namely, that all castings Mr. Stuart V. CuTHBert.'’—In the mans 
Do have variations in thickness which can- production X-raying of magnesium cast- | = 
ary not be controlled within too narrow ings, we have found that such problems en 
os limits, and anybody who has made a_ of porosity or inclusions or shrinkage are FS at 
ded photometer curve of a film which to the secondary to microshrinkage. We have __ 
aoe eye was perfectly uniform in density, will also found through ‘an error that in | 
mens know that the curve will go up and down X-raying magnesium castings, using the eae 
because of differences in thickness of the film recommended for the million-volt a2 ie 
vn casting. machine and an exposure time from ada wn 
dail But there is one possibility of electric seven to eight times the normal time used 
ees, detection which might eliminate the on a standard no-screen film we will get 
ales film, namely, in the case of large steel sharper definition and greater contrast— = a: 
egal castings, where the foundry method is _ surprising results. ae oe 
it worked out satisfactorily from the found- Mr. Bati.—I think that these new | 
ry’s standpoint, eliminating shrink and films are undoubtedly suitable for mag- 
ase so forth. There are always things that nesium castings. oe? ag 
cannot be too closely controlled in the 
foundry process—temperature of pour- Wright Aeronautical Corp, 
‘ip o 
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A CORRELATION OF 
RADIOGRAPHIC 


THE MECHANICAL P ROP ERTIES 
APPEARANCE OF MAGNESIUM ALLOY CASTINGS 


SYNOPSIS 


A method for the rating of radiographs showing porosity in 
magnesium base alloys is described. By varying the intensity of the viewing 
light with a Variac, and noting the voltage at which porosity is just visible, 
a scale is established for the rating of radiographs. This scale is then used to 
study the effect of microporosity on the tensile properties of Dowmetal H 
alloy in the as-cast and solution heat treated states; the tensile properties 
of C alloy in the as-cast, solution treated and heat treated and aged states; 
and the fatigue strength of C alloy in the solution heat treated state. 

It is noted that C alloy will be less porous than H alloy under similar foundry 
conditions. But with a given amount of porosity H alloy will suffer a smaller 
loss of strength than C alloy. The tensile strength of both alloys falls as the 
amount of porosity increases, but the yield strength is unaffected until very 
large amounts of porosity are present. The fatigue strength of solution heat 
treated C alloy is affected to the same degree as is the tensile strength for a 


occurs occasionally is micro-shrinkage, 
also known as micro-porosity, shrinkage 
porosity, or porosity. Therefore, at- 
tention was directed toward a correla- 
tion of the effect of porosity, as evalu- 
ated by its radiographic appearance, 
with the mechanical properties. Micro- 


Since radiography is being used more 
and more in the metallurgical industry 
as an inspection tool, the problem of 
evaluating the appearance of the radio- 
graph of a metal casting is becoming 
increasingly important. The present 
study was undertaken to test a method 


of quantitative impersonal evaluation 
of a radiograph as well as to investigate 
any correlation that might exist between 
the radiographs of magnesium alloy cast- 
ings and the mechanical properties of 
those castings. 


EXPERIMENTAL TECHNIQUE 


Appearance of the Radiograph: 


Slag or flux inclusions, gassy metal, 
or oxide inclusions seldom occur in mag- 
nesium alloy castings. A defect that 


ties 1 Metallurgist, The Dow Chemical Co., Midland, Mich. 


shrinkage exists as small intergranular 
holes of irregular shape. They are 
usually of the order of 0.001 to 0.005 in. 
long, and tend to cluster in a small 
volume of metal. It is generally be- 
lieved that they are due to lack of 
proper feeding while the molten metal 
is freezing and contracting. On the 
radiograph the individual holes are not 
visible, but the various clusters appear 
on the film as vaguely outlined, wavy 
lines, or areas of greater density of 
blackening than the surrounding areas 
on the film. The contrast between the 
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density of blackening due to the porous 
areas and that due to the sound metal 
increases as the amount of porosity 
increases. 


Quantitative Evaluation of the Radiograph: 


It was found that for a given contrast 
on the film.there was a certain minimum 
of viewing light intensity required to see 
that contrast. This minimum decreases 
as the contrast increases. Therefore, 
by varying the intensity of the viewing 
light, different minima will be found 
corresponding to different amounts of 
contrast on the film. A voltage Variac? 
was connected in series with a standard 
General Electric viewing screen, con- 
taining a 75-watt blue frosted Mazda 
bulb. By varying the voltage across 
the light, the intensity transmitted 
through the film was also varied. For 
a given film contrast a light intensity 
just sufficient to make visible the con- 
trast was found at a given voltage. 
Later work showed that the reciprocal 
of the voltage gave a better curve with 
the property data. For ease of handl- 
ing, the numerical values of the recipro- 
cal are multiplied by 10,000. This 
number is known as the “contrast in- 
dex” and has the symbol 1/v. Thus 
the greater the contrast on the film, the 
greater will be its contrast index. 

The method, then, consists in placing 
the radiograph on the viewing screen 
with the intensity of the light equal to 
zero. The intensity is gradually in- 
creased until porosity is just visible on 
the radiograph. The voltage reading 
on the Variac is recorded as a figure 
representing the contrast on the film. 
Comparison of the contrast index, for a 
radiograph of a cast section showing 
porosity with curves established as 
shown below, gives an estimation of the 
tensile strength of the section. 


_ = Type 200C, manufactured by General Radio Co., 
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To check the validity of the assump- 
tion that the Variac voltage reading will 
correctly distinguish between areas of 
different contrast, a series of test speci- 
mens were made. These consisted of 
blocks of constant thickness with holes 
of rectangular cross-section and variable 
thickness running lengthwise through 
the center. The blocks were radio- 
graphed in a direction normal to the 
thickness of the holes, and the voltage 
reading at which each hole could be 
just seen was recorded. The results, 
as shown in Fig. 1, indicate that a logi- 
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© = 0.200 in. Total Thickness 
4=0400 in. Total Thickness 
40 »=0.750 in. Total Thickness 
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Fic. 1.—Effect of Void Thickness on Radio- 
graphic Contrast. 


cal relation exists between the voltage Bae’ 
reading and film contrast. Although 
the point was not plotted, it was found 
that a void of 0.003 in. could be seen in 
a piece 0.400 in thick. Therefore, under 
these ideal conditions, with a large hole 
having sharply outlined edges a defect 
amounting to 0.75 per cent of the total we sf 
thickness can be seen. The sensitivity 
is not so great as this when the vaguest 


shadows produced by porosity are being a ve 
examined. The effect of total thickness —_— 
of the piece is also shown on these 
curves. It will be noted that as the 
thickness increases the voltage required re 
to just see a given percentage void de-— eng 
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creases, that is, the contrast increases. 
Although this indicates the necessity 
of determining the effect of thickness on 
a comparison oi the mechanical proper- 
ties of test bars and the amount of poros- 
ity, subsequent work has shown that 
the effect is not large, and in practice 
may be disregarded in thicknesses below 
1 in. 

Further work with the test blocks 
showed that a background of 1.0 to 1.2 
density units’ gave the best results. 
This density seems to produce a greater 
difference in contrast, as here measured, 
between differing amounts of porosity 
than will a heavier density. For quan- 
titative distinction between differing 
amounts of porosity this point is impor- 


f 

The errors involved in the method are 
twofold. First the different radiographs 
must be uniformly exposed and de- 
veloped. It was found that a range of 
background density from 1.0 to 1.2 pro- 
duced no change in the contrast index 
if the range was due to variation in 
exposure technique and not in develop- 
ing the film. A very small change in 
background density due to developing 
technique produces a relatively large 
change in the contrast index. Conse- 
quently, this technique was held closely 
to the procedure recommended by the 
Eastman Kodak Co. for their Kodalk 
developer. The variations in exposure 
technique were kept to a minimum, but 
were great enough to produce back- 
ground densities varying from 1.0 to 
1.1 density units. 

The second source of error lies in the 
viewing apparatus and in the operator 
judging the radiograph. It was found 


x 


Sources of Error: 


* Density, y, is defined as the logarithm of the ratio of 
the incident to the transmitted light intensity. It was 
measured with a Gaertner Densitometer, in porosity-free 
areas of the radiographs. 


that the voltage readings on given radio- 
graphs were reproducible to + 1 v., 
either by the same operator on different 
days or by different operators. Since a 
change in the voltage emissivity curve 
for the bulb will introduce an error, the 
relation should be checked occasionally. 
After 1 yr. the viewing assembly still 
gave the same voltage reading, within 
the + 1 v. error, as was first obtained 
on a series of radiographs. Thus the 
TABLE I.—A LIST OF THE NOMINAL COMPOSI- 


TIONS AND HEAT TREATMENTS OF THE 
ALLOYS USED. 


Composition by 
Weight, per cent 


Alloy Solution Heat Treatment 


Started at S00 F. Furnace 
raised to 760 F. and held 
20 hr. Air cooled. 

Started at 500 F. Furnace 
raised to 730 F. and held 
12 hr. Air cooled. 


a | Aluminum 


TABLE IL—THE RADIOGRAPHIC TECHNIQUE 
USED FOR THE 0.3 IN. THICK TEST BARS. 
Film to 
Milli- 
amperes 


| Specimen 


Alloy Kilovolts 
At. 


| 10 


total error in evaluating the porosity on 
a film is about + 1 v 
The correlation ‘tere een the static 
tension properties and the radiographic 
porosity, as measured with the Variac, 
was determined with Dowmetal C and 
H alloys, both as cast and solution heat 
treated. Table I lists the compositions 
and heat treatments. The radiography 
was carried out with the use of a General 
Electric X-ray unit, model No. KX3. 
The technique which was used is shown 
in Table II. 


Procedure: 
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Test specimens were obtained by 
machining from sand-cast plates, 10 in. 
long by 5 in. wide by 4, 2, 3, 3, 1, or 13 in. 
thick. The plates were cast flat, with 
the sprue and gate at one end and risers 
at both ends. Five different risers, 
labeled A, B, C, D, and E in order of 
increasing size were used; A, B, and C 
on the } and 2 in. thick plates; B, C, 
and D on the 3 and ? in. thick plates; 
and C, D, and E on the 1 and 13 in. 
thick plates. In this way it was pos- 
sible to obtain plates with differing 
degrees of porosity. In the case of 
C alloy it was difficult to obtain large 
amounts of porosity with any of the 
above combinations, and therefore a 
few plates were cast without risers. 
Plates having no porosity were produced 
for each alloy. It was also possible to 
obtain a range of micro-shrinkage, in- 
cluding plates with an extreme amount 
of porosity, the range studied exceeding 
that obtained in commercial foundry 
practice. The solution heat treatment 
for each alloy was carried out in an 
evacuated electrically heated furnace. 
The test specimens were cut from sec- 
tions which showed the desired amount 
and distribution of porosity on radio- 
graphs of the plates. The final test 
specimens were 5 in. long by 0.3 in. 
thick with a 2-in. gage length, and a 
0.75 in. wide reduced section, and were 
radiographed through both thicknesses 
of the reduced section. They were 
then polished with No. 120 emery paper, 
care being taken to retain flatness and 
squareness. This polishing removed all 
machining marks. Data were also ob- 
tained on test specimens cut from com- 
mercial castings of C alloy in the heat- 
treated and aged condition. Since most 
of the bars were too short for a 2-in. 
gage length, no yield strength or per- 
centage elongation figures were obtained. 
Although fewer test specimens were 
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used in this case than in the other work 
reported, it is believed the results are 
valid. 

The tension tests were made on an 
Amsler testing machine, the yield 
strength being taken as the stress at 


0.2 per cent deviation from the modulus | 


line. The place of fracture was noted 
on the radiograph of each bar and the 
1/v value of the porosity at that point 
compared with the tensile properties. 


Test RESULTS 
Tendency Toward Porosity: 


The variation in foundry technique for 


production of the plates used permitted _ in 


a comparison of the relative tendencies 
toward porosity of C and H alloys. If 
the feeding system were sufficient to 


make the H alloy plates radiographically 


sound, the C alloy plates were also 
radiographically sound. But with the 
minimum feeding system to produce 
radiographically sound C alloy plates, 
some porosity was observed in the radio- 
graph of the H alloy plates. When the 
feeding system was sufficiently poor to 


result in C alloy being porous, the H © 
alloy plates had a still higher degree of _ 


The data obtained in the tension tests 
are given in Table III, and the tensile 


strengths are plotted in Figs. 2, 3, and 4. — 


Each point represents the average of 
several bars. 


A value of 200 for 1/v represents : 
porosity just visible on the radiograph. — 


When a radiograph is viewed in the 
normal manner, that amount of porosity 


which would be considered very heavy — 


would, in the system used here, have a 


contrast index of about 330; that which * 
is quite heavy, 280; and that which is — 
light, 220 or less. Commercial castings _ 


will usually have no place with an index 
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TABLE IIJ.—THE AVERAGE TENSILE DATA OB- 
TAINED FOR C AND io FOR VARIOUS 
V 


| 
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Heat 
Treatment® 


Strength, | * 
Elongation, 
per cent 


Tensile Strength, » Psi. 
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Fic. 2.—Effect of Porosity on the Tensile 
Strength. Bar thickness = 0.300 in. 
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Fic. 3.—Effect of Porosity on the Tensile 
Strength. Bar thickness = 0.300 in. 
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@ S.C. = as sand cast. Contrast Index (+) 
in 4 H.T.A. = solution heat treated and aged. Fic. 4.—Effect of Porosity on Tensile Strength, 


Endurance Limit, psi 


> These results are obtained on bars cut from commer- 
cial castings. The data are based on fewer test results oe Poy 000 and —e Endurance 
~ A a than is the case for the rest of Table ITT Limit Based on ,000, reversals. 


000 
{| 227 | 43 ] 
250 | 12 
267 | 43 000 
iy 270 | 12 
12 
S.C. 294 12 600 
q 303 | 12 100 
308 | 11 500 
4 313 | 42 
333 | 11.900 
345 | 11.000 
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greater than 280 although sometimes 
they may have local areas with porosity 
giving a contrast index as high as 300. 
In general, those areas which show por- 
osity in some commercial castings will 
have porosity ranging from contrast 
index values of 200 to 280. 

These data show that a correlation 
does exist between the amount of por- 
osity and the tensile strength. It was 
found that the tensile strength decreases 
as the 1/v rating increases. When the 
error of + 1 v. is applied to the curves 
it becomes a variation of about + 2000 
psi. tensile strength. The average error 
of the points for each curve is found to 
be within these limits, and 90 per cent 
of the individual points also fall within 
the same limits. 

The yield strength does not decrease 
appreciably until the micro-shrinkage 
reaches a 1/v value of 310 or more. 
Since this value is well above what is 
experienced in commercial castings, no 
loss of yield strength with porosity will 
be observed with magnesium alloys. 


Effect of Variation in Thickness of the 
Radiographed Metal: 


Since all of the preceding results were 
obtained on one thickness, as-cast C 
alloy was used to determine the effect 
of thickness on. the correlation. Bars 
0.2 in. thick with a 0.5 in. wide reduced 
section were prepared in the same man- 
ner as the ones previously described. 
The |/v values for the 0.75-in. thickness 
on the original as-cast C alloy bars were 
correlated with the tensile strengths. 
The values of 1/v for as-cast alloy 
C 0.2 in. and 0.75 in. thick are plotted 
in Fig. 5. The values for 0.3 in. 
are given in Fig. 3. 

According to these curves, the tensile 
strength, for any given contrast index, 
will be lower as the thickness of the 
section being measured increases. How- 
ever, the differences become vanishingly 


small as the thickness approaches 1 in. 
Consideration of the error of + 2000 
psi. shows that there is no difference 
between the 0.200-in. and the 0.75-in. 
thickness. Therefore, any results based — 
on the curve for 0.300 in. will be approxi- 
mately correct for any other thickness © 
between 0.2 and 1 in. 


Effect of Variation in Width of Porous 
Areas: 


The 1/v value accounts for the depth 
of the porosity through the thickness of 
the section. Unless the piece can be 
radiographed at right angles to the 
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Fic. 5.—Effect of Porosity on the Tensile 
Strength. 
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original direction, there is no figure repre- 
senting the amount of porosity across the 
width of the bar. This can be obtained 
by considering the area of the radiograph 
which contains porosity. A number of 
as-cast C alloy bars were prepared with 
varying amounts of porosity across the 
width. Upon being compared with the 
curve in Fig. 3 the results of these 
particular bars showed that when only 
10 per cent of the radiograph of the 
test specimen is covered with porosity, 
the tensile strength will be 2600 psi. 
higher than the average for 100 per cent 
covered; for 15 per cent, 1800 psi.; for 
30 per cent, 1600 psi.; and for 50 per 


a 


Pindar ct 


» 


1081 
400 
n. 
ie 
30 000 
° 
400 
nsile 
in. 
: | 
) 400 
strength, 
ndurance 


cent, 500 psi. Consideration of both 
the depth and extent is necessary when 
evaluating the porosity shown in any 
section. The data show that a region 
micro-shrinkage will uniformly affect 
twice the area it occupies on the radio- 
_ graph. It is only when it occupies less 
- than 50 per cent of the area that the 
-1/v value must be corrected. 
Fatigue Tests: 

In addition to the tension tests, the 
fatigue strength in bending of alloy 
Cc HT was determined for varying 

amounts of porosity. About 150 fatigue 
iF specimens were cut from the same type 
of plates that have already been de- 

j 24 scribed for the tension tests. They 
25 were round bars, 0.3 in. in diameter at 
the reduced section, standard specimens 
for the R. R. Moore rotating beam type 
fatigue machine. Since the specimens 
were round, they were packed in Aloxite 
about 600 mesh Al,O; powder—and 
radiographed while packed. This pro- 
cedure resulted in “flattening out” the 
picture of each bar, and enabled a good 
estimation of the amount of porosity 


. mae through the entire cross-section. The 


« 1/v value for each bar at the reduced 
section was recorded and the bars then 


"separated into 10 groups, ranging from 
very heavy amounts of porosity to none 
visible on the radiograph. All the bars 
of each group (about eight in number) 
were radiographically homogeneous and 
thus could be used to determine the 
fatigue strength for each degree of 
porosity represented. The reduced sec- 
tion of each bar was uniformly porous. 

The results, based on 100,000,000 
reversals, are given in Fig. 4. The 
individual fatigue curves were almost 
flat at 50,000,000 reversals. For porous 
bars of C-HT, alloy 100,000,000 rever- 
sals seemed sufficient. It can be seen 
that a correlation between the 


SYMPOSIUM ON 


RADIOGRAPHY 


strength in bending of solution heat- 
treated C alloy. 


DIscussION 


In each case studied the smooth curve 
giving the smallest average error was 
drawn through the experimental points. 
For H alloy this curve is a straight line, 
while for C alloy it is not. In every 
case either a straight line or a curved 
one can be drawn without increasing 
the average deviation above + 2000 
psi. 

Since a 1/v value of 200 represents an 
amount of porosity just visible on the 
radiograph, the strength at this point 
is not that of sound metal. There must 
be a certain minimum of porosity present 
before the radiograph can detect it. 
Most areas of commercial castings have 
porosity which does not exceed this 
minimum and hence the strength values 
will lie between the strength of sep- 
arately cast, standard A.S.T.M. test 
specimens and that corresponding to a 
1/v value of 200. For H-HT alloy 
this range is from 35,000 to 40,000 psi. 
Also for C-HTA alloy the range is 
from 35,000 to 40,000 psi. For C-HT 
alloy, however, it is from 30,000 to 40,000 
psi. 

The fatigue strength of C-HT alloy 
is affected by porosity to about the same 
degree as is the tensile strength. If 
14,000 psi. is taken as the fatigue 
strength of sound C-HT alloy and 
40,000 psi. as its tensile strength, then 
at a porosity of 1/v = 240 both the 
fatigue and tensile strengths have 
dropped about 35 per cent. 

All of the work reported in the present 
paper has been done on test specimens 
machined flat and to accurate dimen- 
sions. Under these ideal conditions 
the average error in estimation of the 
tensile strength is + 2000 psi. When 
commercial castings are radiographed 
it is more difficult to obtain uniform 
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negatives. If the casting is such that 
the background density of radiograph 
negatives made from it can be kept 
between 1.0 and 1.2 the average error 
will remain the same. The greater 
the departure from these limits the 
greater will be the error. 

Some work has been done in this 
laboratory on the problem of the appli- 
cation of the curves obtained from test 
data to the estimation of the strength of 
commercial castings. Flat test speci- 
mens were cut from a number of differ- 
ent castings of variable complexity. 
When the bars were radiographed, the 
estimation of the tensile strengths agreed 
with the values obtained by pulling the 
test specimens. It is therefore con- 
sidered valid to estimate the strength 
of a cast section, provided the back- 
ground density of a radiograph of that 
section can be held between 1.0 and 1.2 
density units. Although the mechan- 
ical properties of sections of a casting 
can be estimated, no prediction of ser- 
vice life can be made for any casting 
unless the stresses to which the casting 
is to be submitted are known, both in 
quantity and in distribution. 

When choosing between C and H 
alloys the problems of the individual 
casting must be considered. If the 
choice is simply one of greater sound- 
ness or pressure tightness C alloy should 
be used. However, if the choice rests 
with the strength that can be developed 
in the final casting, then two factors 
must be studied for each alloy. First, 
it must be known how much porosity 
will appear in the casting, and where it 
will appear for each alloy. Second, the 
affect of the amount of porosity appear- 
ing in each alloy on the strength of 
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that alloy and thus on its service capa- 
bilities must be estimated. Since C 
alloy is more easily made porosity free 
than H alloy, and yet the strength of 
H alloy is less affected by porosity than 
that of C alloy, each casting has to be 
considered as a special case. 


SUMMARY 


1. The quantitative method of rating 
porosity herein described and as shown 
in radiographs of magnesium alloy 
castings gives a rating, known as the 
“contrast index,” denoted by the sym- 
bol 1/v, haying values from about 200 
at just detectable porosity to values 
above 400. 

2. The tensile strength of magnesium 
alloys decreases as the amount of poros- 
ity increases. 

3. A 1/v rating of 300, representing 
an amount of porosity that is heavier 
than usually obtained in the foundry, 
represents a tensile strength of solution- 
heat-treated H alloy within the speci- 
fied minimum for bars cut from castings. 

4. The yield strength of magnesium 
alloy castings is very little affected by 
porosity. 

5. The fatigue strength of solution- 
heat-treated C alloy also decreases with 
increasing porosity. 

6. C alloy has a lesser tendency to 
develop porosity than H alloy. 

7. The mechanical properties of H 
alloy are less sensitive to porosity than 
are those of C alloy. 

8. The alloys are more sensitive to 
porosity in the solution-heat-treated 
than in the as-cast state. 

9. The fatigue strength and the ten- 
sile strength of solution-heated-treated 
C alloy are about equally sensitive to 


porosity. 
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Mr. L. W. Bat! (by letter). —The 
results of this research provide informa- 
tion of the type most urgently needed for 
intelligent interpretation of radiographs. 
The author’s proof that strength reduc- 
tion in cast metal depends on alloy 
composition as well as on radiographic 
appearance emphasizes the fact that 
radiographs should be interpreted only 
by fully trained specialists. 

In the discussion, no reference is made 
to the methods used to reduce variations 
in personal vision. Was a routine em- 
ployed for accommodating the observer’s 
eyes? 

Is the recommended film density of 
1.0 to 1.2 based on the minimum il- 
lumination required for detecting micro- 
porosity, or on the sensitivity obtained 
with a constant transmitted brightness? 

Is the effect of section thickness shown 
in Fig. 5 based on using the same kilo- 
voltage for all thicknesses, or on using a 
constant exposure factor? The contrast 
index for a given thickness will depend on 
the effective kilovoltage, and it might be 
possible to obtain coincident curves by 
using a constant exposure factor. 

For specimens which were not uni- 
formly porous, was the contrast between 
sound and unsound regions taken into 
account, or just the contrast within the 
porous region? 

Mr. R. S. Busk.2—Before making any 
readings on a film, the observer’s eyes 
were accustomed to subdued light for a 
period of 2 to 5 min. Variations in 


1 Research Physicist, Triplett & Barton, Inc., Burbank, 
Calif. Formerly with the National Research Council of 
Canada. 

2 Metallurgist, The Dow Chemical Co., and, Mich. 
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specified in the paper, as pra" with 
four different operators. 

The recommended film density of 1.0 
to 1.2 is based on the size of the error in 
the estimation of the tensile strength: 
This is a minimum at a density of 1.0 
to 1.2. 

The effect of section thickness shown 
in Fig. 5 of the paper is based on a con- 
stant exposure factor. 

The contrast index is based upon the 
contrast between sound and unsound 
regions. 

J. Branpr.*—I noticed in 
reading Mr. Busk’s paper that the films 
were exposed toa density of 1.2. If they 
were exposed to 2 or 2.5 would that affect 
the curves appreciably? 

Mr. Busk.—The answer to that is still 
in the making. We are investigating 
that effect and with the test blocks that 
we used we found that we had greater 
differences, as far as this method was 
concerned, with a density of 1.2 than we 
did with higher densities. However, 
that is being checked now with porosity 
studies. 

If the films were exposed to a density 
of 2.0 or 2.5, the curves would be ap- 
preciably affected. A much higher 1/v 
value than found at a density of 1.0 
and 1.2 would correspond to any given 
tensile strength. 

Mr. Branpt.—In correlating the ten- 
sion tests, I believe you determined the 
index factor from the area in the negative 
representing that section of the test bar 
where fracture occurred. Did the bar 


3 Metallurgist, 


Aluminum Company of America, De- 
troit, Mich. 
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actually fail in all cases in the area which 
showed the heaviest microporosity? 

Mr. Busk.—Yes, providing that area 
were large enough. A little dot would 
not ordinarily cause a break. 

Mr. Rospert Katz.*—Could it not be 
that the greater contrast or greater sensi- 
tivity of the method, with films exposed 
to a density of 1.2, is due somewhat to the 
characteristics of the bulb in the viewing 
box and the variation of light emission of 
that bulb with voltage? I have found, 
and I think others have found, that 
greater density of films yields greater 
sensitivity in the inspection of magnesium 
alloy castings. However, higher densi- 
ties require stronger sources of light in 
the viewing boxes. 

Mr. Busk.—That could very easily be 
true. With the particular viewing 
screen that we used, there was no differ- 
ence in the emissivity curve against 
voltage when changing from bulb to bulb. 

Mr. Katz.—This work was done with 
laboratory specimens which were made 
under controlled conditions. Do you 
believe that the time is ripe to translate 
these data into a chart which would 
enable anyone to take a commercial 
casting and X-ray it and predict from 
this chart what the tensile strength of 
various areas on that casting would be? 

Mr. Busk.—That has been done to a 
considerable extent in our foundry in 
Bay City, in which castings have been 
radiographed and tensile strength pre- 
dicted. Ina great many cases test bars 
were cut out and checked against the 
prediction, and in all cases the error was 
within the error specified. I neglected 
to mention that C alloy HTA was de- 
rived from such data of the wall of an 
actual commercial casting. 

Mr. Don M. McCurtcueon.®—I won- 
der whether there might not be some 

4Army Air Forces, Wright Field, Dayton, Ohio. 


5 Metallurgical Engineer, Main Laboratory, Rouge 
Plant, Ford Motor Co., Dearborn, Mich. 
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theoretical basis for your method found 
in Glocker’s book on “‘Materialpriifung 
mit Roentgenstrahlen,”’ where the factor 
So-S is used, in which case would you 
not have got the same results, if instead 
of lowering the light intensity you had 
examined your films with a spectro- 
wedge or a neutral tint wedge? That 
might answer Mr. Brandt’s question and 
the first part of Mr. Katz’s. 

Mr. Busk.—That is right, 
the same. 

Mr. T. A. Triptett.'—I am very glad 
to see this paper. At the annual meet- 
ing in 1939 I gave one much more crudely 
but with essentially the same informa- 
tion, and the results are comparable to 
those Mr. Busk has found. 

One of the things I noticed particu- 
larly is that Mr. Busk is reading to a 
density of 1.2. We have made a con- 
siderable number of measurements on 
the sensitivity of films and have found a 
greater sensitivity at 2.5. Therefore, I 
think you can expect better results by 
working in that range. 

Further, we found that this micro- 
shrinkage was definitely more serious 
than most people have believed from 
conditions other than the straight tensile 
strength. On his charts I noticed the 
author has a range of the greatest amount 
of porosity from approximately 19,000 
psi. up to 38,000 psi., but in each case it 
is practically a factor of two to one. 

I brought just a few of these data on 
more than 100,000 tests with me to show 
you that our investigations have covered 
a large field. 

Among these tests on the magnesium 
alloys we have found one which caused a 
little trouble. We experimentally X- 
rayed some magnesium samples for one of 
the local field men of the Army Air Corps 
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and one piece of this material had an 
enormous amount of porosity. On your 
index it would be from 280 to perhaps 
320. Another section of the same casting 
had practically none, and we predicted 
the results of this particular material in 
the tension test and were fairly correct in 
our prediction. However, we had 
enough material of each condition to 
carry out a corrosion test, and placed the 
specimen in salt spray and, much to our 
amazement, the very good material, 
which radiographically showed no micro- 
shrinkage, showed absolutely the worst 
condition of corrosion of the surface 
while the material with the large amount 
of shrink porosity, or microshrinkage, did 
not appear to have corroded much. 

At the conclusion of this particular 
test, when we pulled the specimens, the 
reverse was true. The material that was 
good on the radiograph still was rela- 
tively good, but the material that was 
bad on the radiograph feJl apart in our 
hands while taking it out of the salt 
spray. 

Mr. H. H. Lester.’—I should like to 
remark that this relationship between 
porosity and physical properties seems 
to be pretty important for the magne- 
siumand aluminum castings, but we have 
not been able to find as much correlation 
as we should like in the case of steel. 
That is, we have worked on it quite a bit 
and we have not had satisfactory results. 
The results have been so erratic that we 
have not been able to get much con- 
sistency out of them. However, we did 
find in some tests that the yield strength 
seems to be very little affected by or- 
dinary amounts of porosity in steel, and 
consistently with the author I believe we 
found that the tendency seemed to indi- 
cate that there was a difference in tensile 
strength. 

We found that one of the best methods 


? Princi 
ss. 


for getting the physical effect was in the 
bend test; large amounts of porosity defi- 
nitely gave lower bend test values. In 
fact, we got the best correlation in any of 
our tests when examining with the bend 
test. 

The matter is quite important, es- 
pecially for the steel men, because the 
Boiler Code deals with standards based 
upon the amount of porosity. If the 
moderate amounts of porosity are not 
important in affecting the yield strength, 
perhaps those standards ought to be 
modified. 

Mr. Joun P. Macos.*—I think Mr. 
Busk is to be congratulated on sub- 
mitting a paper of great engineering 
value. We attempted a few years ago 
to make similar correlations on steel 
and we selected as one way of getting 
small-scale porosity by comparing the 
properties of gas welds to electric arc 
welds. We found, as Mr. Lester stated, 
that on the bend test you can note that 
the gas welds have a lesser ductility than 
the electric arc weld, but on actual 
tensile pulling there was not much to 
choose between the two, and radio- 
graphically the gas weld looks inferior to 
the electric-arc weld, but mechanicaliy 
it is perfectly all right. 

We then decided that possibly the 
differences could be determined better by 
some dynamic testing, and in order to get 
away from the small-scale fatigue test 
bar we undertook to construct a special 
apparatus which would dynamically test 
large structures. We built an electro- 
magnetic vibrator and we were able to 
test tubing up to 4 in. in outside diameter, 
with about 2-in. wall thickness. These 
tubes had circumferential welds made 
both by the gas and electric arc method 
and we tried to make some bad welds 
purposely. 

Radiographically some of the welds 


* Directing Engineer, Research Laboratories, Crane 
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looked pretty bad, and we were quite 
hopeful that we would show up some 
great differences. We proceeded to 
make the dynamic tests and in every 
test the failure occurred in the parent 
metal or in the zone of fusion and the 
failure was entirely attributed to the 
slight change in section between the weld 
and the tube wall. We found, therefore, 
that the weakest part of the structure was 
the mechanical design. In other words, 
the stress concentration in change of 
section, even though it is very slight, was 
far more weakening in the final test than 
all of this porosity and the other things 
that we note radiographically. 

Mr. J. D. Hanawatt.’—I wish to 
comment on Mr. Triplett’s remarks 
about corrosion. I think that is irrele- 
vant to the subject of porosity. Ido not 
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believe that the observation about cor- 
rosion in salt spray was related to poros- 
ity but was related to cathodic areas or 
impurities or something of that nature. 
I think that one must be sure when one is 
talking about the effects of porosity that 
other conditions are kept constant; that 
is, besides the question of the corrosion 
characteristics of the material, matters 
of grain size, of heat treatment or com- 
position must all be- considered in their 
relation to the properties which are being 
measured, and it is only when those con- 
ditions are known or under control that 
one can expect any correlation with 
porosity as measured. 

Mr. TripLett.—I might point out 
that these materials for the test came 
from the same specimen, and within the 
possibility of casting a specimen they 


were of the same quality and under the © 


same controlled conditions. 
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is described. 


In the development of a million-volt 
_ X-ray unit for industrial radiography, 
_ portability seemed to be a particularly 


important objective to be attained. 
: The application of very penetrating 


amination of very thick sections of metal 
demands freedom of movement of the 
- generating unit because the weight and 
irregular shapes of the larger castings 
and welded structures make it exceed- 
‘ingly difficult to position them easily and 
Pe for the best radiographic tech- 
nique 
ss The X-ray tube for this portable unit 
has been sealed off the pump, and all the 
component parts of the entire unit are 
enclosed in a grounded metal tank 3 ft. 
‘in diameter, 4 ft. in length, with a com- 
bined weight of 1500 lb. 

The generating unit consists princi- 
pally of a low-frequency resonance 
transformer with a coaxially mounted, 
sealed-off, multisection X-ray tube with- 
in, both contained in a steel tank and 
insulated with compressed gas. The 
X-rays are generated from a target 
mounted in the end of an extension 
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(NOPSIS 


A MILLION-VOLT PORTABLE RADIOGRAP HIC X-RAY UNIT 


A million-volt portable X-ray unit of small dimensions and light weight he 
Its principal features are: the multisection X- -ray tube, the _ 


coreless resonance transformer, and the Freon gas insulation. It permits 

, : radiography from ten to several hundred times faster than with older equip- wn ae 
i, ment through thick masses of steel ranging from } in. to 8 in., producing + Ke 
wine a radiographic definition of from 1 to 2 per cent. 


chamber projecting from one end of the 
tank. Aside from the feature of porta- 
bility, the unit being readily maneuvered 
into any position, it is also of a simple 
yet rugged design, reliable in its electrical 
performance, free from exposed high 
voltage, and has a readily accessible 


X-ray target.- 


Transformer: 


The transformer (Figs. 1 and 2) has a 
low-voltage coil of rectangular wire 
(14) and a high-voltage coil (9) con- 
sisting of 125 thin flat sections spaced 
apart for cooling. 

The resonance principle of operation 
may be explained as follows: The high- 
voltage coil has a larger inductance which 
is chosen to be in resonance with its 
terminal and distributed capacity at the 
operating frequency of 180 cycles per 
second. To build this 30 kva. resonant 
system up to the large amplitude of 
oscillation of 1,000,000 v. requires the 
relatively small input power of 3} kw. 
which equals the losses in the transformer 
plus the power for the X-ray tube and 
can therefore be supplied by the small 
primary winding placed at the grounded 
end of the high- _— winding. The 
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mechanical analogy of the resonant 
transformer is the swinging pendulum, 
or a system in which a mass is oscillat- 
ing at resonance with a spring support. 
In such mechanical systems a small force 
of the proper frequency can, with rela- 
tively little power, maintain large ampli- 
tude oscillations containing much stored 
energy. 

The inductance required for resonance 
can be obtained in a coil of this size 
without the use of an iron core, and the 
central space of the high-voltage coil is 
therefore available for the X-ray tube, 

thus facilitating the making of connec- 
tions to various tube electrodes and 

providing the benefit of electrostatic 
shielding by the transformer coil. 
The lower end of the high-voltage coil 
is grounded; the upper or high-voltage 
end is shielded by a rounded and radially 
slotted brass spinning. 
The 180-cycle power is derived from 
the 60-cycle line by means of a synchro- 
nous motor generator set which also 
renders operation independent of line- 
voltage fluctuations. 

To avoid the power loss which would 
ensue were the magnetic flux of the trans- 
former to penetrate the surrounding 
_ steel tank, the latter is provided with an 
s ) consisting of narrow 
> overlapping silicon steel strips spot- 
_ welded to a thin shell and at the bottom 
with a ring of similar radial strips (19). 

The multisection high-voltage coil 
serves a quadruple purpose: to generate 
voltage, to grade the potential so as to 
prevent creepage, to shield the X-ray 


tank, and to support mechanically the 
rounded top shield. The coil is held 
under strong compression by seven 
spring-loaded tie rods, which make it 
possible for the outfit to be operated 
in any position as shown in Figs. 8 and 9. 
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tubing joined to 


Steel Tank: de 

The tank of the million-volt portable 
unit shown in Fig. 3 is made of sheet 
steel } in. thick, 36 in. in diameter, and 
48 in. in height and has been tested 
hydrostatically to 200 psi. The joint 
between the shell and bottom flanges is 
made gastight by means of a rubber 
gasket. 


Gas Insulation: 


The X-ray tube and saniiiiagl trans- 
former are insulated from the grounded 
steel tank with gas insulation. The 
organic chemical dichloro-difluoro me- 
thane known commercially as ‘Freon- 
12” or “F-12” is introduced into the tank 
to a pressure of 60 psi. after the unit has 
first been exhausted of air to a 28-in. 
vacuum. The Freon-12 gas at this 
pressure provides adequate insulation to 
prevent sparkover in the tank at volt- 
ages far in excess of the rated million 
volts. A pressure-stat on the main tank 
blocks operation of the transformer if 
the pressure drops either by leakage or 
due to abnormally low temperature be- 
low 50 psi. The gas F-12 is odorless and 
nontoxic; however, it must never come 
in contact with an open flame, the re- 
sulting decomposition products se 


poisonous. 
: 


A twelve-section X-ray tube (Figs. 
1 and 4) sealed off the pump for con- 
tinuous operation at 1,000,000 v. and 3 
ma. was especially designed to go with 
this resonance transformer. It has an 
electron-emitting cathode, a copper- 
backed tungsten target mounted in the 
lower end of an extension chamber, and 
accelerating cylindrical electrodes in each 
of the intermediate sections. 

The tube envelope consists of twelve 
sections of molded borosilicate glass 
rings which 
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increases the voltage that may be applied 
to each section of the tube without the 
_ production of dangerous field currents. 


long life. 
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carry the intermediate accelerating elec- 
trodes. The insulating envelope is 30 
in. long and 34 in. in diameter. The 
fernico is a special alloy which has an ex- 
pansion coefficient comparable with that 
of the borosilicate glass. This particu- 
lar property of the fernico alloy, per- 
mitting thick metal sections to be fused 
directly to the glass, has been of major 


importance in the design of this million- 
volt X-ray tube. 
tube to be made much smaller than — 
might otherwise be possible mechani- 
cany and has also permitted a 


It has allowed the 


are Gendnieiled. This procedure greatly 


The cathode spiral consists of six and 
one-half turns of 8.5-mil tungsten wire 
mounted in an electrostatic focusing cup. 
The eleven intermediate accelerating 
electrodes are made of stainless steel. 
The target of copper-backed tungsten is 
mounted in the lower end of the exten- 
sion chamber, and both target and 
chamber walls are water cooled. The 
tube is supported by a metal flange 
bolted to the bottom of the grounded 
metal tank. This flange has been sol- 
dered to the copper extension chamber 
which projects through it. 

The tube is sealed off the pump after a 
specially developed evacuation process 
has been carried out, during which the 
glass envelope and metal parts are 
thoroughly outgassed, and all sections 
are aged at voltages 100 per cent higher 
than the operating voltage. This proc- 
ess insures stability of operation and 
While it is too early to pre- 
dict the useful operating life of these 
sealed-off tubes, we can say that some 
of them have now been in daily radio- 
graphic service at 1,000,000 v. for over a 
year without showing the slightest signs 
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of electrical instability or mechanical de- 
terioration. It seems quite possible that 
external mechanical abuse may be the 
chief factor that will determine the use- 
ful operating life of these tubes, rather 
than the electrical stresses imposed or 
the vacuum conditions within the en- 
velope. The electron-emitting cathode 


and the tungsten target appear now to 
play a very minor role in this tube as 
factorsédetermining tube life. 


Fic. 5.—Diagram of the Principal Circuits of 
the Portable Million-Volt X-ray Outfit. 


Three-phase 60-cycle line and motor starter. 
Synchronous motor, self-excited. 

. Generator for 180 cycles. 

Exciter. 

Series capacitor. 


. Primary winding of resonance transformer. ; 

. Secondary winding. = 

. Million-volt sealed off X-ray tube with auxiliary 
electrodes. 

9. End turns for filament power. 

10. Adjustable reactor. 

11. Focus coil. ’ 

12. Generator field. 

13. Starting relay. 

14. Kilovoltage adjusting potentiometer. 

Electrical Circuit: 

Figure 5 shows a schematic diagram 
of the principal circuit elements. Push- 
button controls, selector switches, con- 
trol motor drives, interlocks, protective 
devices, and indicator lights have been 
omitted for the sake of readability. 

The motor starter (J) connects the 
3-phase, 60-cycle power line to the motor 
generator set. The self-excited syn- 
chronous motor (2) drives the 180-cycle 
generator (3) and the exciter (4). From 
the generator the 180-cycle power passes 
through a series capacitor (5), through a 
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long, flexible multiple-conductor cable to 
the primary of the X-ray outfit (6). 
The series capacitor serves to neutralize 
the generator reactance and the primary 
leakage reactance of the transformer, 
thus loading the generator under all 
operating conditions with a unity power 
factor load and making the operation 
independent of the small variations in 
frequency which occur on power sys- 
tems. The high-voltage winding (7) is 
connected through the metering circuit 
to the grounded extension chamber of 
the tube (8), through the taps to the 
intermediate electrodes of the tube and 
at its upper terminal to the cathode. 
The filament is operated off end turns 
(9) on top of the main coil, and the fila- 
ment current adjusted by means of a 
variable reactor (JO) driven through a 
glass insulating shaft by an external fila- 
ment-control motor. 

The metering circuit consists of a d-c. 
milliameter with a reactor in series and 
an a-c. milliameter with a capacitor in 
series. The X-ray tube electron current 
is a unidirectional current and registers 
on the d-c. milliameter; the secondary 
charging current (55 ma. rms. at 1000 
kv.p.) passes through the capacitor and 
the a-c. milliameter, which is calibrated 
in kilovolts peak. 

The field (12) of the generator is con- 
nected through a push-button operated 
“X-ray-On” relay (13) to a motor- 
driven potentiometer (/4) which is con- 
nected across the exciter. The exciter 
can also be used to furnish the direct 
current for the focus coil (JJ). The 
motor which moves the contact on the 
potentiometer (/4) is operated from the 
control panel by means of a small “‘kv.p. 
Control” lever. Interlocking contacts 
are provided so that the unit cannot be 
started unless the potentiometer contact 
is in its lowest position, corresponding to 
approximately 500 kv. Another con- 
trol lever is provided on the panel to 
operate the ti!lament-control motor for 
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the adjustment of the current through 
the X-ray tube. 

Interlocks are provided for the X-ray 
room doors, the cooler motor, the Freon 
pressure, and the cooling water. There 
is also relay protection against over- 
voltage and overcurrent beyond the 
range selected. A selector switch is pro- 
vided on the control panel to choose a 
0-20 microammeter,:a 0-100 microam- 
meter, a 0-1 milliameter, or a 0-5 milli- 
ammeter to read the X-ray tube current. 
The same switch adjusts simultaneously 
the direct current through the magnetic 
focus coil (// in Fig. 5) surrounding the 
extension chamber which controls the 
diameter of the electron beam, thus auto- 
matically setting the focal spot size on 
the target for each of the current ranges. 
The selector also switches various shunts 
on a tube-current-operated relay which 
protects the outfit and the meters against 
operation beyond the selected range. 

Two timers of 0-5 and 0-30 min. 
ranges and a selector switch are pro- 
vided; the selected timer breaks the in- 
terlock circuit and opens relay (13) after 
the preadjusted time interval has 
elapsed. 


OPERATION OF THE UNIT 


A typical operating sequence of the 
million-volt portable outfit is instruc- 
tive. Assume that the operator plans 
to run his next exposure for 1 min. at 
the full rating of 3.0 ma. and 1000 kv.p. 
Before he places the film, he makes ad- 
justments as follows: He calls all people 
out of the X-ray room by means of a 
horn signal, closes the doors, selects the 
5-ma. meter on the panel, starts the 
motor generator set, pushes the “X-ray 
(m.” button, lets the kv.p. meter come 
1) to the starting voltage of 500 kv.p., 
and then raises the kv.p. handle; after 
he has reached 1000 he adjusts the fila- 
ment control till he has 3.0 ma. He is 
then ready for the exposure of the film, 
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_ pushes the “Off” button, and goes into 
the X-ray room to place his films. For 
the actual exposure he repeats the fore- 
going procedure without further filament 
adjustment except that he selects the 
5-min. timer which he has adjusted for 
the desired 1-min. exposure. After each 
run the kv.p. control motor returns the 
potentiometer of the generator field auto- 
matically to the starting position. —__ 


The Resonance Transformer: 


In a high-voltage X-ray unit, the 
resonance transformer offers several ad- 
vantages over the conventional type of 
transformer. 

The absence of the iron core, permit- 
ting the tube to be placed in theaxis, con- 
serves the space otherwise required for 
insulation between core and high-voltage 
winding and for the insulation of the 
tube. The tank diameter of the reson- 
ance transformer is approximately 62 
per cent of that of the conventional 
transformer and the volume about 44 
per cent or even less if the space required 
by the tube is considered. 

The wave form in the high-voltage 
circuit is always sinusoidal regardless of 
the input voltage. Furthermore, the 
oscillating current in the high-voltage 
winding is so large (55 ma. at 1000 
kv.p.) that the rated half-wave full load 
current of 3 ma. average does not pro- 
duce any measureable difference between 
useful and inverse voltages. 

In this resonance transformer, which 
has 30 oscillating kva. and with an X-ray 
load including losses of approximately 
3.5 kw. maximum, the voltage takes a 
few cycles for build-up, even if the equip- 
ment is switched on suddenly. There- 
fore switching surges or other disturb- 
ances do not raise the output voltage 
more of 1 per cent, 
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whereas in ordinary transformers 50 per 
cent or more voltage surges may occur th: 
frequently in case improper switching 


rec 
takes place. ne 
ds 

Solid Insulation: of 
The subdivision of the high-voltage rin 
winding into 125 thin coils results in a ov 
very uniform voltage gradient along the as 


length of the stack. This high degree of 
subdivision of the solid dielectric 
throughout the secondary of the trans- 
former greatly reduces the probability 
of surface electrical creepage occurring 
and is perhaps the most important single 
factor in the design which permits such a 
great reduction in its over-all size. 

The stack of transformer coils is se- 
curely bolted together with seven glass 
tie rods. These rods are made of hard 
glass free of air lines and blow holes and 
with their surface sandblasted to fur- 
ther increase their resistance to surface 
creepage discharges. The voltage dis- 
tribution throughout the length of the 
rods is uniformly graded by placing 
them close to the transformer coil. 

The insulating shaft for adjusting the 
filament current is also made of hard 
glass and has dimensions and treatment 
similar to those of the transformer tie 
rods. This control shaft, mounted in- 
side the transformer stack and driven by 
a reversible motor, provides remote con- 
trol for the variable inductance in the 
filament circuit to give the desired milli- 


shay 

The use of gas in place of transil oil C2 

for insulation has been the principal fac- of 


tor in the large reduction in weight. —§} pi 
Freon-12 has a dielectric strength 2.5 
times that of nitrogen for the same pres- 
sure. For an operating voltage of 1000 
kv.p., 50 psi. gage pressure affords an of 
ample factor of safety. This calls for a 
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weight of F-12 of about 40 lb. More 
than 10,000 lb. of transil oil would be 
required to give the same insulation ina 
necessarily larger tank. 

Freon-12 decomposes under the action 
of corona, setting free chlorine and fluo- 
rine. Experience with units of this type 
over a period of years employing F-12 
as an insulating medium has demon- 


strated that there is not enough such 
decomposition taking place under the 
conditions pertaining in this outfit to 
cause troublesome deterioration of any 
of the insulation or other materials 
present. 


X-ray Tube: 


Since the tube is mounted in the axis 
of the resonance transformer, it is lo- 


cated in a uniform and 
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weak magnetic field parallel to the tube! 
axis. This magnetic flux does not in- 
terfere with electron focusing. 

Toroidal shields surrounding and con- 
nected to the various electrodes electro- 
statically shield the electron beam. 


The size of the electron beam is deter- 
mined largely by cathode geometry and 
by the ratio of the voltage used in the 


first to that in the remaining sections. 
With an extension chamber 24 in. long 
and without magnetic focusing, the fo- 
cal spot is about ] in. in diameter. It 
can be changed to any desired size by use 
of the magnetic focusing coil placed — 
around the chamber. For industrial — 
radiography the size of the focal spot is 
carefully controlled and its dimensions 
are reduced as far as possible without 

overloading the tungsten target and 
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shortening the useful life of the tube. 
Radiographic techniques with million- 
volt X-rays require the X-ray tube to be 
operated over a range of current from a 
few microamperes up to 3.0 ma. Ac- 
cordingly, several sizes of focal spots are 
provided, ranging from about } in. up 
to 4 in. in diameter, depending on the 
current flowing through the tube. 


RADIOGRAPHIC APPLICATION 


A lead shield (Fig. 6) with a 1-in. wall 
thickness and weighing 40 lb. is placed 
around the extension chamber. This 
does provide some primary protection, 
but its principal purpose is to improve 
the quality of the radiograph that may 
be obtained by reducing the effects of 
scattered and stray X-radiation. This 
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Thickness, in. < 
Fic. 7.—Radiographic Exposure Chart for Cast Steel Using Million Volt Portable X-ray Unit. 


Zero degree beam—1000 kv.p. 
curves for different target-film distances. 


X-RAY PROTECTION 


The X-ray protection for this unit 
when used as a radiographic tool must 
be supplied largely by building the en- 
closure in which it is used with thick 
walls of concrete or lead. This becomes 
necessary because diversified radio- 
graphic techniques with metal structures 
of different shapes demand that the 
extension chamber be not covered with a 
large and heavy protective shield. 


0.005-in. lead filter screens. 


Industrial X-ray films. Film density of 1.0. Family of 


lead shield is so designed that it may be 
quickly adjusted to change the diameter 
of the cone of radiation of either the re- 
flected or the transmitted beam of 
X-rays that is being used for a given 
radiographic procedure. It is always 
desirable to cone down the useful beam 
of radiation to a diameter that will just 
cover the portion of the material that is 
being radiographed. When this cone 
is used in combination with a lead shield 
placed beyond the film back of the cast- 
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Fic. 8 al Position. — 


Fic. 9.—Metal Radiography with Million Volt Reflected Beam—Horizontal Position. _ 5 
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ing which also encircles the X-ray beam, 
the undesired effects of stray radiation 
on the radiographic shadows are elimi- 
nated. 

When radiographing the thinner sec- 
tions of steel with million-volt X-rays, 
the use of a lead filter placed between 
the object and the film is particularly 
desirable to reduce the effect of second- 
ary radiation through the body of the 
steel itself. 

This X-ray unit, rated to operate con- 
tinuously at 1,000,000 v. and a maximum 
current of 3.0 ma., produces very pene- 
trating X-rays of high intensity. Ra- 
diographs of thick sections of steel, 
ranging from 1 to 8 in. in wall thick- 
ness, may be obtained with it in short 
exposure times. Figure 7 illustrates the 
exposure times required with million- 
volt X-rays to take a radiograph through 
different thicknesses of cast steel at 
varying target-film distances. 

Typical action scenes illustrating the 
radiographic application of the unit in 
an industrial X-ray laboratory are shown 
in Figs. 8 and 9. 

Stereoscopic radiographs of metal sec- 
tions of widely varying wall thickness 
may be obtained with good definition. 
This is made possible and practical be- 
cause of the large amount of penetrating 
X-radiation that is generated in this 
unit. 

It has been found that radiographs 
taken with million-volt X-rays will 
clearly define defects ranging from 2 
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per cent down to less than 1 per cent in 
steel structures having walls varying in 
thicknesses from } in. to 8 in. In con- 
trast to industrial radiographic tech- 
niques with lower-voltage X-rays, the 
million-volt X-rays have the added ad- 
vantage not only of greater radiographic 
speed but also of allowing greater lati- 
tude in the range of metal thicknesses 
readable on one radiograph without the 
time-consuming complication of a 
“blocking” technique as generally prac- 
ticed in the lower-voltage range. 

The intensity and penetrating power 
of the beam permits greater target-film 
distances to be used and still keep the 
time of exposure down to seconds and 
minutes. This markedly reduces the 
distortion of the shadows recorded on 
the film and also increases the area of 
the material that can be radiographed 
with one-exposure technique. 


CONCLUSION 


This portable million-volt X-ray unit, 
operating continuously at 3.0 ma. cur- 
rent, will produce X-rays which both in 
quantity and quality are equivalent to 
those obtained from large air-insulated 
and immovable X-ray units previously 
designed for medical applications. The 
ability to move this unit around easily 
in all directions makes it a flexible and 
powerful tool for the rapid radiographic 
examination of castings and metal struc- 
tures varying greatly in size and in wall 
thickness. 
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Mr. H. H. Lester.'—What is the 
smallest focal spot size that you can get 
with this million-volt outfit? 

Mr. W. F. WESTENDORP.2—We can 
get § in. In the laboratory we can ge} 
a spot that, with our method of deter- 
mination, looks like a 2-mm. spot. 
Since our method of determining the 
focal spot does not tell us exactly wheth- 
er it is 1 or 2 mm., it might be even 
smaller than 2mm. I have been asked 
how we determined the focal spot size 
of a tube like this with a million-volt 
very penetrating radiation. You are 
all probably familiar with the focal spot 
camera. It is just the ordinary camera 
obscura applied to X-rays. This will not 
work for million-volt X-rays because the 
pinhole would not be a pinhole any more. 
You could not make a suitable pinhole in 
a 1-in. lead plate. You would not be 
able to get radiation to go at angles 
through a 1-in. lead plate. You would 
have to drill two cone-shaped holes and 
then, of course, you would not get the 
effect of a small hole. The effect would 
be of a hole of much larger diameter be- 
cause of the penetrating radiation. It 
would not go through just the little hole; 
it would also go through a considerable 
amount of lead, and therefore it is im- 
possible to use a pinhole camera for 
million-volt X-rays. We had to de- 
velop a new technique for determining 
the size of the focal spot. 

We made a block of lead, a 4-in. cube, 
and had 10,000 vertical holes built in. 


1 Principal Physicist, Watertown Arsenal, Watertown, 


ass 
2 Research Laboratory, General Electric Co., Schenez. 
tady, N. Y. 


We did not drill those. We took a large 
number of lead sheets and made a steel 
die with 30 triangular grooves per inch, 
and we pressed the steel die in the lead 
sheets. The sheets were 0.030 in. thick 
by 4 by 4 in., and by pressing the grooves 
in the lead sheets and then putting the 
lead sheets together we got the effect of 
10,000 small vertical holes, all perfectly 
parallel in this lead block. 

If you place that kind of diaphragm 
close up against the target and with film 
underneath it, you will get a parallel 
projection of the focal spot on the film. 
Only those X-rays that go right straight 
through the holes will affect the X-ray 
film. All the others will get blocked 
off and, depending on the size of the 
holes and the number of holes per square 
inch, you get a certain definition, and 
that is what I was referring to when I 
said our method did not allow us to get 
more definition than the diameter of the 
hole, which is about 0.030 in. 

Mr. Lester.—Is there any possibility 
that a pinhole can be made smaller in 
the future? 

Mr. WEsTENDORP.—Yes. It just 
means a lot more work, thinner sheets of 
lead, and a finer die. It is a lot of work 
to make a tool like that because the lead 
sticks to the die and has to be peeled off 
very carefully and has to be straightened 
again. If you straighten it too hard you 
ruin it. It takes a skilled mechanic 
about a week to make this grid, and we 
do not like to go through it if there is not 
a very great interest in the exact diam- 
eter of the focal spot. We have had no 
burnt-out targets with this tube, so it is 
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possible that we are a little bit conserva- 
tive. We would rather be conservative 
than burn out the targets. 

Mr. C. A. Apams.*—TIs the tube its 
own rectifier? 

Mr. WESTENDORP.—Yes. You see, 
the multisection principle makes it pos- 
sible to apply an inverse voltage of 
1,000,000 v. as well as a forward voltage 
of 1,000,000 v. The voltage is divided 
over twelve sections, and each section 
does not get over 80 or 90 kv. In the 
construction of the tube we actually 
apply about 180 kv. to each section at 
the time. 

Mr. Apams.—Is the potential gradient 
pretty uniform up and down the tube? 

Mr. WESTENDORP.—Yes, because of 
the large number of coils. 

Mr. Apams.—The actual current is an 

3 Professor of Engineering, Emeritus, Harvard Uni- 


versity, Cambridge, Mass.; and Consulting Engineer, 
Edward G. Budd Manufacturing Co.., Philadelphia, Pa. 
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electrostatic induction current, not elec- 
tromagnetic? 

Mr. WEsTENDORP.—The charging 
current through the coil becomes a di- 
electric current when it goes to the inside 
tank wall. 

Mr. Don M. McCutcueon.‘—Does 
the measured focal spot image depend 
upon the intensity of the beam to such an 
extent that difficulty would be experi- 
enced in actually assigning a true value 
for the focal spot size? 

Mr. WeEstTENDORP.—No. We have 
made measurements of that. We have 
used different exposure times, and if you 
expose long enough, then of course the 
whole film will blacken because of the 
radiation that gets through the lead. 
But there is a length of time, from 10-sec. 
to 1 or 2-min. exposure, that will produce 
consistent spots of a definite diameter. 


4 Metallurgical Engineer, Main Laboratory, Rouge 
Plant, Ford Motor Co., Dearborn, Mich. 
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HIGH-VOLTAGE X-RAYS IN THE BOILER SHO! 


By O. R. CARPENTER! 


SYNOPSIS 


‘aie Epos of radiographic equipment for industrial use from the 
200-kv. machine of 10 yr. ago, similar in many respects to the medical equip- 
ment of that day, to the present million-volt industrial X-ray machine has 
kept pace with the increasing demands for radiographic examination of heavy 
wall fusion welded pressure vessels with plate thicknesses up to 54 in. Appli- 
cation of higher-voltage X-ray equipment to industrial radiography introduced 
the problem of blocking excessive secondary radiation from the film. This 
requirement was met by the development of the Bucky grid and similar 
devices. Although a considerable increase in exposure time resulted from the 
use of these grids, X-ray films of good detail were obtained with 300-kv. and 
400-kv. equipment. 

The advent of million-volt X-ray equipment with the emission of extremely 
short wave length X-rays necessitated a radical change in our X-ray technique. 
A special fine-grained no-screen film (direct-exposure film) was developed for 
this purpose by the Eastman Kodak Co., representing a significant advance- 
ment in the solution of radiographic problems. The use of lead foil screens 
in conjunction with this film obviates the necessity for Bucky grids and 
calcium-tungstate screens and permits the standardization of X-ray technique, 
thus assuring consistently satisfactory results. 


four circumferential seams. 


In June, 1941, we were installing in 
high anticipation the million-volt X-ray 
equipment now in daily use at the Bar- 
berton Works of the Babcock & Wilcox 
Co. The purpose of the installation of 
this machine was to permit a solution 
of the radiographic problems experienced 
prior to this time in the examination of 
fusion welds of the main longitudinal 
and circumferential seams of heavy- 
walled pressure vessels. These welds 
are of thicknesses up to 55 in. A typical 
boiler drum having 5 in. thick welds is 
shown in Fig. 1. This drum is made up 
by means of three longitudinal seams and 


Oni Engineer, The Babcock & Wilcox Co., Barberton, 
io. 


One hun- 
dred and twenty exposures are required 
for a complete radiographic examination __ 
of this drum, each exposure covering a 
12-in. length of weld. 

Until the million-volt X-ray equip- 
ment became available for industrial 
purposes, the highest voltage equipment 
in general industrial use was 400 kv. 
With this machine approximately fifteen 
days were needed for the complete 
radiographic examination of this drum. 
Some time savings could be made if 
gamma rays were substituted for X-rays 
for the circumferential seams, the differ- 
ence being from two days up, depending 
upon the size capsule of radium avail- 
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able. Under present conditions and the 
consequent need for an increase in pro- 
duction of such pressure vessels as well 
as the application of fusion welding to 
heavier and heavier sections, the above- 
described radiographic technique was 
intolerable. Hence the million-volt 
X-ray installation has answered a real 
production problem. With it, fusion 
welds four or more inches thick are 
X-rayed in a matter of minutes, not 


hours as formerly by 400-kv. 


X-rays. 


Not many years ago, however, the 
installation of a lesser voltage machine 
in this plant was thought of, in much 
the same manner, as an answer to the 
production problems of radiographic 
examination of heavy drums of that day. 
In 1932 a 4} in. thick mercury boiler 
drum required radiographic examination. 
Then the only industrial equipment 
available was a 200-kv. machine similar 
in many respects to medical equipment 
of that day. With this equipment 3-in. 
thick welds were sometimes radio- 
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graphed, if the tube voltage was in- 
creased somewhat over its rating, in 
about 1 hr. Needless to say, the results 
obtained would not be considered good 
today and the construction of a 4}-in. 
thick welded drum was out of the ques- 
tion radiographically. The General 
Electric Co., in response to the need of a 
higher voltage machine, built and in- 
stalled the first industrial 300-kv. 
machine. It was regarded asa consider- 
able advance in equipment design; it 
had a large air-insulated power plant 


Fic. 1.—Eighty-Ton Boiler Drum Having 5-in. Thick Longitudinal and Circumferential Welds. 


capable of operating at 500 kv. A new 
tube was developed which could be 
operated at 300 kv. With it, the 4}-in. 
mercury boiler drum welds were radio- 
graphed at a 30-in. film distance in 20 
min. Such an exposure time is remark- 
ably fast, even with today’s equipment 
under 1,000,000 v., if it is only film 
blackening which is desired. Two per 
cent penetrameters could be seen on the 
films obtained, but these images, con- 
sidered in comparison with today’s 
possibilities, did not truly measure the 
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film quality. These gages, while 2 per 
cent of the plate thickness in thickness, 
had holes or siots of an arbitrary size, 
usually or in., respectively. While 
images could be seen on the film, much 
of its density was the result of secondary 
radiation exposure and a very small 
percentage due to direct radiation ex- 
posure. Consequently, images of large 


CARPENTER ON HiGH-VoLTAGE X-RAYS IN THE BOILER SHOP 


power plant and tube immersed in a 
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tank of oil. In place of the 300-kv. 
tube, a 400-kv. tube was made available 
with a somewhat smaller focal spot. 
With this machine a 4}-in. weld could 
be radiographed in about 15 min. expos- 
ure when using a technique similar to 
that used with the original 300-kv. 
equipment. However, users of this 


2 400-kv.p. Oil-In 


defects or penetrameters could be seen 
but these lacked fine detail. 

During the years following this instal- 
lation and until the impetus of the 
present emergency and the installation 
of million-volt equipment, nothing spec- 
tacular was accomplished to lessen this 
exposure time. It is true that more com- 
pact and serviceable equipment was de- 
veloped; typical is the 400-kv.p. machine 
shown in Fig. 2. This machine had the 
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Machine for Industrial Purposes 


equipment were soon to realize that 
improved technique was needed for 
better film quality. The consequent 
results were gradual increases in exposure 
times, until a year ago this time had 
increased to approximately 3 hr. for a 
4 in. thick weld when using 400-kv.p. 
X-rays. 

The increase in exposure was the 
result of the employment of means and 
methods for the blocking of secondary 


A. 
i 
in 
in. 
es- 
ral 
in- 
cr- 
it 
be 
O- 
20 
ent 
iim 

r 
— 

a 


1104 ON 
radiation from the film. Any such 
device proportionately reduces film 
blackening, and therefore required longer 
exposures to bring the film to a readable 
density. Various methods may be used 
to block secondary radiation from the 
film, the most satisfactory being the 
Bucky grid. The more effective these 
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grid technique and is shown in Fig. 4. 
The obvious loss in detail of the defects 
in the weld in the latter radiograph is 
readily apparent, even though the tech- 
nique used was the best known until 
recently for this type work. Among 
the many factors contributing to this 
loss of detail we may list: 


Radiogra 
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Radiograph of Plate Fig 


Thick Test Plate. 
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Note loss of detail. Two per cent and four per cent deep holes of different diameters drilled on 


either side of defect pattern. 


devices, the longer the exposure time, 
and the greater the film detail obtain- 
able. Nevertheless, it is of interest to 
point out that the sacrifices in exposure 
time made necessary by commercial 
grids did not altogether give the desired 
film detail. This may be illustrated by 
a comparison of Fig. 3 and 4. In the 
former there is shown a radiograph of a 
1-in. thick plate in which there is a weld 
with a prepared group of defects. This 
same plate has been radiographed 
through 4 in. of steel using the Bucky 


1. The inherent absorption charac- 
teristics of the X-ray beam in a 1-in. 
plate as compared to a 4-in. plate. 

2. The vast difference in the secondary 
radiation problems of the thinner plate 
and lower voltage X-rays as compared 
to the thicker plate and 490-kv. X-rays. 

3. The destruction of detail as caused 
by the image of the Bucky grid. 

4. The ability of the film to record the 
detail desired, that is, its characteristics 
as to grain size and sensitivity to low- 
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It should be realized at the outset of 
any discussion of X-ray sensitivity that 
the X-ray beam itself has certain absorp- 
tion characteristics in the steel which no 
mechanical device or other methods can 
alter, other conditions remaining con- 
stant. In other words, we have a tool 
with certain limitations and one should 
not expect results that exceed these 
limits. Radiography of welds is pri- 
marily a device useful for the disclosure 
of significant defects and one should not 
expect fineness of detail to be apparent 
in the radiographs of fusion welds which 
require a magnifying glass to make them 
visible. We may say, therefore, that 
part of the loss of detail displayed in the 
above illustrations is due to the increase 
in thickness of the materials combined 
with constant or decreasing X-ray ab- 
sorption differentials of the beam of 
X-rays. 

Aside from the X-ray beam itself, 
however, there are certain elements in 
the technique having considerable influ- 
ence on film sensitivity. One of these 
is the efficiency of the Bucky grid. At 
its best, the mechanics of the grid are 
such that only part of the secondary 
radiation is blocked from the film. An 
instrument of this type which would 
fully block all secondary radiation would 
need to have such fine grid lines as to be 
nearly infinite in their extent. Of 
course, as the number of lines of the grid 
increase so would the amount of primary 
radiation reaching the film decrease, 
causing a corresponding increase in 
exposure time. Again, since grids used 
today have lines in but one direction, 
some secondary reaches the film from 
the unblocked direction. An ideal grid 
would consist of an infinite series of lead 
cones of very small sections, but such 
an instrument would have a very compli- 
cated alignment and oscillation over the 
film. It would increase the exposure 
time for welds in heavy plates far beyond 
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any practical limits. No other similar 
mechanical device, equal toorbetter than 
the present commercial grid, has as yet 
been devised for the purpose of the 
elimination of secondary radiation from 
the film. 

The film itself, its ability to record 
the type of radiations reaching it, and 
the methed used for its exposure, has 
much to do with the loss of detail of the 
4-in. film over the 1-in. film. These 
exposures have in both cases been made 
with calcium tungstate intensifying 
screens and films sensitive to the blue 
light derived therefrom. Due to the 
graininess of the screen and that of the 
film itself some detail is lost, even at 
lower-voltage radiation. When the 
wave length of the X-ray beam shortens, 
that is, as the X-ray potential increases, 
this effect is amplified causing a corre- 
sponding loss of fine detail. Aside from 
the film itself and the X-ray voltage 
involved, other factors of technique such 
as target-to-film distance, secondary 
radiation, and focal spot size contribute 
to the film unsharpness found in the 4-in. 
plate as compared to the 1-in. plate. 

The above-described problems in loss 
of film detail of radiographs of heavy 
plate were largely with us until the instal- 
lation of the million-volt equipment. 
(See Figs. 5 and 6.) The experience 
gained from the use of this equipment 
has given us an entirely new point of 
view of X-ray technique and exposure 
of heavy plate welds and brings us to 
the point of this discussion. 

It was assumed at the outset of our 
experience with this machine that, be- 
cause of the extreme short wave length, 
our accustomed X-ray technique would 
need to be discarded and in its place 
something on the order of that used for 
gamma-ray exposures substituted. For 
heavy plate thicknesses this technique 
then consisted of double industrial type 
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no-screen (direct-exposure) film and lead 
foil screens. While good gamma-ray 
exposures were obtained, such technique 
did not give much improvement in 
results over 400-kv.p. X-rays with the 
grid technique as far as detail was 
concerned, and gave poorer results as 
far as film contrast was concerned. The 
film itself, because of its type, was very 
grainy and accounts largely for the con- 
trast loss when used with the short wave 
length gamma rays. It was thought, 


however, that, since million-volt X-rays 
were, on the average, longer in wave 
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exposure factor of about 1.2 as compared 
to 0.7 for the original industrial no- 
screen type film. The first of the trial 
exposures made is shown in Fig. 7. 
The immediate gain in detail is readily 
apparent and we believe the combination 
of million-volt X-rays on the proper film 
solves many of the radiographic problems 
of heavy plates. 

This film development has, in the _ 
author’s opinion, been as significant an 
advancement in the radiographic ex- 


amination of heavy welded boiler drums cone 
and pressure vessels as has been the ae 


length than gamma rays, this technique 
might be satisfactory. When tried it 
was found to give exposures not greatly 
different in appearance from gamma 
rays, they being very grainy with 
correspondingly poor detail. It was 
realized that since million-volt X-rays 
would penetrate heavy welded drums 
in minutes of exposure rather than 
hours, a slower fine-grained film could 
be accommodated without much loss 
in production time. The Eastman Ko- 
dak Co. then was able to furnish us 
such a film for trial. This film has an 


yy 1000 X-rays. 


are: 


million-volt machine itself. Such a film, 
because of its slowness, is relatively — 
insensitive to the longer wave length 
secondary radiation and, therefore, we 
might consider it a type of the ideal 
grid described above. Besides the use 
of fine grain film for million-volt X-rays, 
the best radiographs (of any plate © 
thickness) are those obtained with a 
combination of the right type film and . 
the right X-ray wave length or voltage, 
no grid or other such device being | 
necessary. There are now on the mar- nes 
ket several grades of X-ray no-screen 
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film each differing from the other as to 
graininess and speed. At plate thick- 
nesses where secondary radiation and 
reasonable exposure times offer no prob- 
lem the fastest of these films may be 
used with shorter wave lengths. As 
the thickness increases and secondary 
radiation becomes a problem the better 
technique is found in using a slower film 
at a voltage range high enough to give a 
reasonable exposure time. It has been 
found, however, that the best results 
are obtained by not extending the volt- 
age range higher than necessary. For 
example, 400-kv.p. X-rays will give 
better results with the proper film and 
for ranges of thickness of 1? to 2} in. 
than million-volt X-rays will give. It is 
sometimes possible to filter X-ray beams 
or to use only that part of the beam from 
the greatest angle off the target of low 
or high-voltage equipment and achieve 
much the same as one 
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had available the various ranges of X-ray 
equipment. 

We are of the opinion that these new 
developments warrant the following 
changes in X-ray technique in the boiler 
shop: 

1. That the Bucky grid need no longer 
be considered an essential part of X-ray 
technique. 

2. That calcium tungstate screen ex- 
posure of X-ray film may be discarded. 

3. That proper voltage and film com- 
binations are essential for good 
radiographs of fixed ranges of plate 
thicknesses. 

4. That finer grain film makes possi- 
ble the successful use of shorter wave 
lengths, even shorter than those of the 
million-volt apparatus. Gamma rays 
give excellent results. 

5. That X-ray techniques may now be 
standardized, and, if followed, satis- 
factory results are er 
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Mr. C. A. Apams,'—Is there any 
quantitative connection, which could be 
stated roughly, between the optimum 
voltage and the thickness? I under- 
stand that under ideal circumstances, 
using modern films, neither intensifying 
screens nor Bucky grids are desirable. 

Mr. O. R. CARPENTER.*—I have done 
some work along that line, but I would 
hesitate to put it into any concrete form. 
We do know ¢hat from our former ex- 
perience we were more or less restricted 
because the type of film we used was a 
fast film primarily for use with calcium 
tungstate screens. Now as we have de- 
veloped our techniques and as the no- 


screen film has come into general use, we 
have found that at particular ranges of 
voltage and for specified plate thick- 
nesses, a particular no-screen film will 
give the best results in detail and con- 


trast. This consequently led us to ac- 
cept a number of types of films for 
standardized technique. To make a list 
offhand of that work would be impossible 
at this time. However, there is a very 
definite relationship, and I think it should 
be further worked out. 

Mr. Apams.—On the assumption that 
you have an appropriate voltage for a 
thin plate, how does the time of exposure 
compare for, let us say, a 3-in. plate.at 
200 kv., and a 4-in. plate at 1,000,000 v.? 

Mr. CARPENTER.—The time at 1,000,- 
000 v. for a 4-in. thick plate could be 
very easily cut down to 3 to 4 min. That 


1 Professor of Engineering, Emeritus, Harvard Uni- 
versity, Cambridge, Mass.; and Consulting Engineer, Ed- 
ward G. Budd Manufacturing Co., Philadelphia, Pa. 

2 Engineer, The Babcock & Wilcox Co., Barberton, 
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would be a very long exposure for a 3-in. 
plate X-rayed at 200 kv. However, we 
used to take 30 sec. for a } in. thick plate 
and 5 hr. for a 43 in. thick plate, which 
would give an exposure chart curve with 
a very steep slope. Nowadays the slope 
would change and we would have a very 
easy slope coming down from, say, 5 
min. to a matter of one-half to one 
minute. 

Mr. ApAms.—At what __ thickness 
should you ideally increase the voltage 
above 1,000,000 v.? 

Mr. CARPENTER.—At the present time 
we have done work up to 6 in. in thickness. 
These exposures with the million-volt 
mdchine are running about 20 min., and 
that is not with the fine-grained film. 
Around 6 in. thick, we have to use a 
coarse-grained speedy film for that ex- 
posure time. That work happens to be 
with castings, and we were not interested 
in as full detail as we would have been if 
it had been a weld. If it had been a 
weld, I venture to say that the exposure 
time would have gone to twice or perhaps 
three times this because of the desire to 
use more sensitive film, which would 
have been beyond the practical limits of 
the machine. Therefore, if we were to 
make welds 6 in. or more thick, in all 
probability we would want to go to a 
higher voltage machine. At the present 
time, where we are working with welds up 
to 6 in. thick, I see no need for it. 

Mr. Otto ZMESKAL.*~—Mr. Lorentz 
told us of using the }-in. lead sheet be- 
tween the plate and the film. Is that 
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necessary even when you use the }-in. 
filter right at the target? 

Mr. CARPENTER.—When we first 
started with 1000-kv. X-rays we used a 
1-in. filter at the target itself and also a 
filter at the film. As we went along we 
decided that the filter at the target was 
unnecessary, and we have gone to a 
(0.090-in. filter at the film only. The 
filter at the tube seemed to do very 
little good. 

Mr. W. J. SHANEMAN.*—Is the fine- 
grained film that you mentioned of the 
no-screen type? 

Mr. CARPENTER.—-Yes, it was entirely 
no-screen type film. I think perhaps 
Mr. Sé&mann can explain more fully than 
I can what the nature of the film is. 

THe (Mr. Herman E. 
Seemann®).—I think it has been said 
adequately that in studying the nature 
of radiographic film, attention must be 
paid to the assumed requirements of that 
film. If you are expecting to use a film 
with calcium tungstate intensifying 
screens or similar screens, you want a 
film which has a good sensitivity to blue 
light, and, relatively speaking, you do not 
care about its direct sensitivity to the 
X-rays, because you get a factor of re- 
duction of 10 to 100 or even more in the 
exposure time with fluorescent screens. 

If you consider the film for use with 
direct X-rays or with lead foil in contact 
with the film, you then pay attention to 


4 Westinghouse Electric and Manufacturing Co., South 
Philadelphia Plant, Lester, Pa. 

5 Physicist, Eastman Kodak Research Laboratories, 
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the response to the direct X-rays only. 
Generally speaking, the screen film is not 
very good for direct X-ray work, and 
vice versa. 

Mr. SHANEMAN.—How does that fine 
gtain you mention compare in speed with 
the no-screen type? 

Mr. CARPENTER.—The easiest way I 
have to tell you that would be by means 
of reference to the Radium Chemical Co. 
exposure meter, which gives you a factor 
of 0.7 for standard no-screen film. If 
you use the fine-grained film, which we 
use altogether for gamma-ray work and 
higher voltage X-rays, the factor goes 
up, I believe, to 2. 

Mr. SEEMANN.—Perhaps I should 
make one more remark in connection 
with films. You will notice that in using 
radiographic film over a wide range of 
kilovoltages, the greater the thickness of 
material and the higher the voltage, the 
more grainy does the image appear. 
That, of course, is disturbing to the diag- 
nostic use of the film, and therefore the 
use of a finer-grained material has 
definite advantages. There are so many 
applications that one cannot make a 
recommendation of film type without 
considering the individual problem. 

Mr. Apams.—How high can you go 
with the present film you have? Do 
you think that would be good for 2,000,- 
000 v.? 

Mr. SEEMANN.—I see no reason why 
it should not be, but we have not tried it 
at that voltage. 
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In view of continual rise of boiler fabrication. In this the dilalinda’ devel- 
pressures and temperatures, due to the opment and application of both X-ray { 
development of new alloys, together with and Gamma-ray radiography as non- 
the development of the shielded-arc destructive methods of inspection of 
welding electrode and advancement in metallurgical materials has played an 
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I THE GAMMA-RAY RADIOGRAPHY OF WELDED HIGH PRESSURE 
he POWER PLANT PIPING 
By R. W. Emerson! 
or 
If 
ve SYNOPSIS 
id This paper discusses the apparatus necessary, and the procedure used in 
es the gamma-ray radiography of both circumferential and longitudinal seams 
in welded piping. Also discussed is the effect of size of radiant source, dis- a 
ld tance from source to film, metal thickness, and type of film on the resultant F 
on radiographic sensitivity. 
‘ An accurately drilled test block, having three series of holes of #g, 4, and . 
8 #s-in. diameters, and depths of 6.010 to 0.100 in. in steps of 0.010 in., was 
of radiographed using many combinations of source to film distance and metal 
of thickness, using both a 25- and 100-mg. radium source. The smaller source 
he definitely proved superior to the larger for short source-to-film distances but 
ir. offered little if any advantage as the source-to-film distance increased beyond 
6 in. 
a Two circumferential test pipe welds were made in which many defects, 
common to welded piping, were purposely made. These welds were first 
as radiographed and then sectioned in many places, polished and etched and used 
ny to check the actual defect with the radiograph. ad 
a Two types of penetrameters were placed on both the source side and film f 
ut side of the pipe welds. It is the author’s opinion that there is little if any 
practical difference in the results obtained with the penetrameters in the two ‘- 
* positions (at least for wall thickness up to 1.5 in.). It is agreed, however, . 
8 that penetrameter detail is slightly better when the pentrameters are placed 
Do on the film side, which of course does not give an absolutely true picture of Ae 
0,- the detail of a defect comparable to the size of the penetrameter holes which = 
is close to the root of the weld. ee 
hy Also discussed and illustrated are a few of the various types of piping radiog- 24 a . 


the art of welding, rigid specifications important part. Tos 
and inspection must be met on power- The commercial importance of the 
@ plant materials and their subsequent use of radium emanation as a means of > 


determining the soundness of metallurgi- 
Pittsealugsist, Pittsburgh Piping and Equipment Co» a1 materials was first recognized in 1930 
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by Mehl, Doan, and Barrett (1).2 To- 
day, radiographic inspection of welded 
joints in certain boiler and main steam 
piping is mandatory under the rules of 
the A.S.M.E. Power Boiler Code. 

The gamma-ray method is believed 
preferable to X-ray when radiographing 
welded piping, due to the relative sim- 
plicity and greater adaptability of this 
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in. in wall thickness that are to contain 
water when in each case the welds are 
not to be in contact with furnace gases; 
(2) in pipes or tubes exceeding 6 in. 
nominal pipe size or ? in. wall thickness 
when the welds are to be in contact with 
furnace gases but not subject to radiation 
from the furnace; and (3) in pipes or 
tubes exceeding 4 in. outside diameter or 


_ Fic. 1.—Apparatus Required for Gamma-Ray Radiography of Welded Pipe. 


method; particularly is this true when 
field radiography is required. 

The A.S.M.E. Power Boiler Code 
requires radiography of fusion welded 
joints in (1) pipes or tubes and super- 
heater headers exceeding 16 in. nominal 
pipe size or 1 in. in wall thickness that 
are to contain steam, and pipes or tubes 
exceeding 10 in. nominal pipe size or 14 


? The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references ap- 
pended to this paper, see p. 1129 
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3} in. wall thickness when the welds are 
to be in contact with furnace gases and 
subject to radiation from the furnace. 

In some cases, individuals have re- 
quested radiographic inspection of 
welded high-pressure piping which has 
not been within the scope of the Power 
Boiler Code. This is believed primarily 
to bé due to the increased severity of 
service conditions placed upon power- 
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APPARATUS AND PROCEDURE 


With the possible exception of a 
special jig or fixture for holding the 
radium capsule (gamma-ray source), the 
apparatus required is essentially as 
shown in Fig. 1. 

Lead numbers are placed on adhesive 
tape (a) and in turn placed around the 
circumference or along the seam of the 
welded joint to be radiographed for the 
purpose of identifying the location of 
any possible defect registered on the 
film. Three sheets of 0.005 in. lead 
foil are alternated with two films (6) 
and placed in a light-tight film holder 
(c). The film holder or holders (cas- 
settes) are then strapped around the 
circumference or along the seam to be 
radiographed by means of 2-in. wide 
elastic banding (d). Penetrameters or 
sensitivity gages (e) are placed adjacent 
to, but at the extremities of the portion 
of the joint undergoing exposure. These 
gages whenever practicable, must be 
placed on the opposite side of the joint 
from the film.* With the film in posi- 
tion, the radium capsule (f) is placed in 
position at a suitable distance on the 
side of the joint opposite to that from 
the film. 

Since radium continuously emanates 
gamma rays, exposure begins imme- 
diately upon placement of the radium 
into exposure position. The time of 
exposure is dependent upon the quantity 
of radium being used, the distance from 
radium to film, the thickness of the 
steel being radiographed, and the film 
speed. These factors being known, the 
time of exposure is calculated by use of 
the exposure meter (g). 

There are at least four reasons for the 
use of the double-film technique as above 
described. 

1. By slightly underexposing the film 
for single viewing and then viewing the 
two films superimposed, an increase in 
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contrast is believed to be obtained over 
that by a longer exposure using single 
film. 

2. Simultaneously with increased con- 
trast, which is highly desirable in gamma- 
ray radiography, a reduction in exposure 
time using double film is accomplished. 

3. Any variation in film density 
resulting from defective film or improper 
developing can be readily checked, by 
checking one film against the other, it 
being relatively certain that unless 
variation in film density is coincident 
when the two films are viewed superim- 
posed, such variations would not be the 
result of defective material undergoing 
inspection. 

4. The use of double film provides, if 
necessary, a record for both the fabrica- 
tor and the customer, though generally 


pretation Case No. 953: 

iry.—The Code states that when radiographing 
welde joints the penetrameters must be laced on the 
radiation side of the work. When radiographing a circum- 
ferential pipe joint by placing a radium capsule inside of 
the pipe, it is often very difficult and expensive to place 
the penetrameters inside of the pipe. te it permissible 
in such cases to place the penetrameters on the outside or 
film side of the joint under examination? 

Reply.—In the situations cited in the inquiry it is the 
opinion of the committee that the penetrameters may 
el on the film side of circumferential pipe joints, 
provided the following additional 
— 

A preliminary radiograph shall be made with a short 
mt. of pipe with penetrameters on both the inside and 
outside. The diameter of the pipe employed in making 
this proof radiograph shall be the same as that of the job 
in hand and its wall thickness shall be equal to that of the 
over-all thickness of the joint to be radiographed, in- 
cluding both backing ring and reinforcement if these are 
present in the joint to be examined. he radium capsule 
employed in making this proof radiograph, together with 
all other items of technique such as the location of the 
capsule and the time of exposure, shall be the same as 
employed on the actual jo ch penetrameter shall 
be provided with a marker which will show up clearly on 
the film and which will indicate the side of the joint on 
which it is located: ‘“‘F”’ for the film side and ‘‘R”’ for the 
radiation side. 

2. This proof radiograph together with the radiograph 
of the joint in question shall be submitted to the inspector 
who will then p me ide as to the efficiency of the radiograph 
of the actual joint with the penetrameter on the film side. 
Each such production penetrameter shall be provided 
with the “pe marker referred to in 1. 

3. If both of these radiographs are satisfactory from 
the standpoint of penetrameter definition and contrast, 
the Code requirements for the minimum source distance, 
and for the minimum ratio of source distance to film 
distance, may waived but the ratio of source distance 
to film distance shall be clearly indicated on each produc- 
tion film. 

4. When the radium capsule is placed on the axis of 
the joint and the complete circumference radiographed 
with a single exposure, four penetrameters uniformly 


requirements are 
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both sets of films are filed by the 
fabricator. 

The procedure followed in placing 
the radium and film will depend pri- 
marily on whether the pipe weld under- 
going inspection is longitudinal or 
circumferential; in the case of either the 
placement will further depend upon 
both the pipe diameter and wall thick- 
ness. W hen a radiographic 


is usually used when the nominal pipe 
diameter exceeds 10 in. and method (6) 
used when the diameter is less than 10 
in. The length of seam normally radio- 
graphed at one exposure is 1 to 1} 
times the perpendicular distance from 
the radium to film, the factor of 1 being 
used when the pipe wall thickness is 2 
in. or greater, and this factor increasing 


to 1} for a wall of in. or 


Longitudinal Pipe Welds 
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Circumferential Pipe Welds 
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Fic. 2. —Exposure Methods for Pipe Welds. 


setup, the quality of the resulting radio- 
graph must first be considered, and 
second, the time involved to obtain the 
desired results. 

Several procedures used in setting up 
for radiography of both longitudinal and 
circumferential seams are shown in 
Fig. 2. Figure 2 (a) and (6) illustrate 
the methods used in radiographing 
longitudinal pipe seams. Method (a) 


less (2). For longitudinal welded seams 
in which the wall thickness does not 
exceed 1 in. and the radium capsule does 
not exceed 100 mg. an optimum length 
of seam to radiograph at one exposure 
would be 14 to 17 in., using a radium 
to film distance of 9 to 12 in, respec- 
tively. By doubling the radium-to-film 
distance, the length of seam _ radio- 
graphed at one exposure could likewise be 
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f Penumbra! Rim et 
Shadow 
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Haze Only 


Penumbral Negative Shadow 
Haze Penumbra! Maze ‘Sion 


Cose A 


Case A—Source of radiation smaller than the object casting the shadow. 
Case B—Source of radiation larger than the object casting the shadow 


(a) Positive shadow only, (6) Positive and penumbral (c) Penumbral shadow only, 
see plane X4, Fig. 3. shadow, see plane X g, Fig. 3. see plane Y g, Fig. 3. 


Fic. 4.—Light-Ray Shadow Formations Corresponding to Diagrammatic Conditions of Fig. 3. 
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doubled. By doing this, however, the 
exposure time is quadrupled, thus result- 
ing in an ultimate net loss in time of 
approximately 50 per cent. 

Three general methods of placing the 
radium and film are applicable to circum- 
ferential welds as shown in Fig. 2 (c), 
(d), and (e). Of these three, method 
(c), in which the radium is placed cen- 
trally within the pipe and the film 
wrapped around the entire circumfer- 
ence, is far superior to either of the 
other two schemes. Fortunately 90 to 
95 per cent of the circumferential welds 
in piping can be radiographed using 
this method. This method can be used 
on all nominal pipe sizes down to and 
including 6 in. in diameter. Method 
(d) may be used on all pipe sizes down 
to and including 4 in. in diameter but 
has the disadvantage of requiring three 
or four separate exposures which in 
addition to the added exposure time 
require additional setup time and there- 
fore would not be used on any pipe size 
in which method (c) is adequate. 
Method (e) can be used for pipe sizes 
of 4 in. and smaller. When using this 
method, both the radium and the film 
are placed external with respect to the 
pipe and a radiograph of both the front 
and back wall of the pipe is taken with 
one exposure. Due to the relative thick- 
ening of the top and bottom quarter 
segments, these portions of the joint are 
underexposed. 

After the first exposure, the pipe is 
then rotated 90 deg. and a second expo- 
sure is made in order to get the upper 
and lower quadrants. 


A DIscussION AND EXPERIMENTAL 
STUDY OF SENSITIVITY 


A gamma-ray radiograph is in reality 
a shadow picture produced by emanating 
gamma-rays which are absorbed to 
various degrees depending upon the 
thickness of the metal through which 


the rays must pass. Those rays not 
absorbed by the material undergoing 
inspection are picked up by the film, 
the density of which varies with the 
intensity of the rays reaching the film. 

A simple analogy may be shown to 
exist between gamma-ray shadow pic- 
tures and ordinary light-ray shadow 
pictures. Two general cases exist, in 
the discussion of either of the two types 
of shadow pictures, as follows: 

1. The source of radiation is smaller 
than the object casting the shadow. 

B. The source of radiation is larger 
than the object casting the shadow. 

It may be seen from Fig. 3 that case 
A is relatively simple; a positive shadow 
will always be formed and will have only 
a relatively narrow fringe of penum- 
bral haze. 

Case B, however, is decidedly more 
complex; a positive shadow accompanied 
by a narrow band of haze can only be 
obtained by having a relatively large 
ratio of the distance from radiant source 
to object casting the shadow to the 
distance from object casting the shadow 
to plane where shadow is cast. 

As the above ratio is decreased the 
positive shadow decreases and the band 
of penumbral haze increases until a 
plane is reached at which the positive 
shadow completely disappears and 
penumbral haze only, exists. Further 
reduction in the above ratio results 
in the formation of negative shadow 
and penumbral haze only. Figure 4 
illustrates by use of light-ray shadow 
pictures three conditions of shadow 
formation as shown graphically in Fig. 3, 
planes X 4, Xz, and Y z. 

The most desirable shadow picture is 
logically one in which high contrast and 
good definition can be obtained. Figure 
4(b), corresponding to plane X, of 
Fig. 3, illustrates the fact that in order 
to obtain the above qualities, when the 
source of radiation is larger than the 
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object casting the shadow (case B), a 
relatively large source-to-film ratio must 
be maintained,‘ since these qualities 
are dependent upon a positive shadow 
with little or no penumbra. On the 
contrary, however, if the source of 
radiation is smaller than the object 
casting the shadow (case A), the need 
for maintaining a large source-to-film 
ratio is much less critical since a positive 
shadow with a relatively small penumbra 
will always be obtained. 

The simplest and most logical method 
of radiographing circumferential pipe 
welds, as previously mentioned, is that 
of placing the radium on the circum- 
ferential center line as shown in Fig. 
2(c). It is to be noted that the source- 
to-film ratio when using this method, 
becomes automatically fixed. Since it is 
desirable to locate the smallest possible 
defects and since a positive shadow 
accompanied by a minimum of penumbra 
is further desirable, it becomes clear 
that the size of the source of radiation 
must be reasonably near if not equal in 
size to the smallest defect which is ex- 
pected to be found, unless of course a 
reasonably large source-to-film ratio can 
be maintained. If this ratio is small, 
however, and the flaw diameter (taken 
perpendicular to the path of the rays) 
is small with respect to the radiant 
source; the true shadow will then be 
convergent and may be entirely lost 
to the film. The negative and penum- 
bral shadows are, however, divergent and 
while Doan has shown penumbral 
shadow registry of flaws, this is not be- 
lieved to be too reliable for flaw depths 
as small as #5 in. with flaw diameters of 
approximately the same magnitude since 
the variation in density between the 


* Source-to-film ratio when mentioned hereafter, refers 
to the ratio 
Distance from source of radiation to object 
casting the shadow 
Distance from object casting shadow to plane on 
whi w is cast 
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penumbral shadow of such a_ small 
defect and the adjacent film would be 
very small (3). Furthermore, defects 
producing a given low contrast become 
increasingly hard to locate as the size 
of the defects decrease. 

In discussing the size of defects ob- 
servable (sensitivity), the question might 
be asked, “What is sensitivity and how 
is it defined?” In the opinion of the 
author, sensitivity is the degree to which 
the process is capable of detecting flaws. 
It is further the avthor’s opinion that 2 
per cent sensitivity which is the estab- 
lished - requirement of the A.S.M.E. 
Power Boiler Code, does or should mean 
that the process must be capable of 
detecting a defect which has a depth, 
parallel to the path of the rays, of 2 
per cent of the plate thickness and a 
diameter of equal size measured per- 
pendicular to the path of the rays. 
Whether such defects have been picked 
up, if present, is determined by the 
observation of a sensitivity gage or 
penetrameter which is placed on the 
steel being radiographed. The latest 
type of penetrameter (not shown in 
Fig. 1) is a single thickness strip of mild 
steel 3 by 13 in. and must have a thick- 
ness of 2 per cent of the plate thickness. 
This strip contains three holes having 
diameters of 2, 3, and 4 times the strip 
(penetrameter) thickness. The AS.- 
M.E. Code states that the image of all 
three holes shall be visible. This means 
that it should be possible to detect a 
defect having a depth of 2 per cent of the 
plate thickness and a diameter of 4 per 
cent of the plate thickness (smallest 
hole in penetrameter). 

Since the penetrameter itself is large 
with respect to the gamma-ray source, a 
positive shadow is cast on the film and, 
according to Fig. 3, case A, the pene- 
trameter image will be seen. The holes 
in the penetrameter are sufficiently small 
with respect to the source in some casesso 
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that the positive shadow cast by these 
holes converge to a point and therefore 
cast only a hazy penumbral shadow, if a 
shadow is cast at all. 

It is for this reason that the outline 
of the penetrameter can be readily 
detected when at times the small pene- 
trameter holes are difficult to pick up. 
If the outline of the penetrameter can 
be picked up on the film but the 
penetrameter holes are not visible, 
this indicates that the source-to-film 


TABLE I.—ABSOLUTE nape SENSITIVITY AS EFFECTED BY SOURCE-TO-FILM DISTANCE, 
METAL THICKNESS, AND SOURCE INTENSITY 


Syyeposrum on RADIOGRAPHY 


respective wall thickness of 1 in. or 
slightly greater, with a rapidly diminish- 
ing sensitivity of as low as 5.3 per cent 
for 3-in. thick material. This is in line 
with the results of Norton and Ziegler 
(4) and later referred to by Mochel (5). 

The use of a more recently developed 
fine-grain film having a 150 per cent 
slide rule factor has been found to pick 
up readily four of the five steps of the 
type of penetrameter shown in Fig. 1. 
With this film, the limiting absolute 


Depth of Last 
Distance, in. Hole Visible, in. 
Radium 
me | to | of | | | 
Plane | Holes Hole Hole Hole 
of to 
Holes | Film 
No. 1 (| 1.75°| 0.30 | 3.50 | 0.01 | 0.01 | 0.017 | Hazy—0.01 very faint 
ee oe 3.50 0.50 7.00 | 0.01 | 0.01 0.01 Better detail than No. 1—0.01 very faint 
No. 3 3.50 1.00 3.50 | 0.02? 0.02? | 0.02? | Hazy—enlargement of image of holes 
No. 4 5.25 0.50 10.50 | 0.01? 0.01 0.01 Sharp image—0.01 very faint 
No. 5 25 ¢| 5§.25 1.00 5.25 | 0.02 0.02 0.02 Sharp image—slight enlargement 
No. 6 i} 5.25 1.50 3.50 | 0.03 0.03 0.03 Very hazy—enlargement of image 
No. 7 || 7.00 0.50 14.00 | 0.01? | 0.01 0.01 Extremely sharp image—0.01 faint 
No. 8 vad || 7.00 1.00 7.00 0.03 | 0.02 0.02 Sharp image 
No. 9 ae { 7.00 1.50 4.67 | Underexposed 
No. 11 * | 1.75 0.50 3.50 | 0.02 0.02 0.02 Much more hazy than No. 1 
No. 21 : 3.50 0.50 7.00 | 0.02 0.02 | 0.02 Hazy but improved over No. 11 
No. 31 a |} 3.50 1.00 3.50 | 0.03 0.03 0.03 Very indistinct and hazy 
No. 41 : |} §.25 | 0.50 | 10.50 | 0.02 0.01 0.01 | Sharp image—good detail 
No. 51 " 100 5.25 1.00 5.25 | 0.03 | 0.02 0.02 Hazy image—0.02 faint 
No. 61 5,25 1.50 3.50 | 0.03? | 0.03 0.03 Very ney and enlarged image poor— 
0.03 faint. 
7.00 0.50 14.00 | 0.01? | 0.01 0.01 Sharp e—good—0.01 faint 
OS eee 7.00 1.00 7.00 | 0.03 0.02 0.02 Hazy but fair detail—0.02 faint 
) Pees 7.00 1.50 4.67 | 0.03 0.03 0.03 Fair detail—0.03 faint 


ratio is too small or the size of the source 
is too large or perhaps both. 
Radiographic sensitivity as indicated 
by the penetrameter image is to a very 
large extent dependent upon the type 
of film used. When using a fast coarse- 
grain film having a 20 per cent slide rule 
factor the limiting absolute sensitivity 
has been found to be about 0.02 in. 
This limiting sensitivity was found to 
hold true for source-to-film ratios as 
high as 25 to 1 with wall thickness as 
low as 2 in. This results in a relative 
sensitivity of 2 per cent or better for 


sensitivity has been found to be about 
0.01 in. This has been found to hold 
true, as in the above case, for ratios as 
high as 25 to 1 and wall thickness as low 
as +5 With a limiting absolute 
sensitivity of 0.01 in. it is therefore 
possible with this type of film to obtain 
a relative sensitivity of 2 per cent on 
material thickness as low as 3 in. as 
contrasted with 1-in. thickness using 
the higher speed film. 

The source intensity is related to the 
size of the source; the greater the in- 
tensity, the larger the source. It there- 
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fore becomes obvious in view of previous 
discussion that in order to obtain equal 
results, it is necessary to use increasingly 
larger source-to-film ratios with increas- 
ingly larger source intensities. The re- 
sults shown in Table I are believed to 
illustrate this fact. 

Table I gives the results of a study 
in which a 3 in. thick machined steel 
block was drilled with three series of 
holes having diameters of 7g, } and 
7s in. and depths ranging from 0.010 to 
0.100 in. in steps of 0.010 in. Two 
additional }-in. blocks were machined 
and used to build up the steel thickness 
to 14 in. Various source-to-film ratios 
were used as indicated in Table I and 
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source-to-film ratio is less than 7 to 1, 
a 50-mg. source should not be exceeded, 
with a 25-mg. capsule preferable. 


AN EXPERIMENTAL STUDY AND 
RADIOGRAPHIC INTERPRETATION 
oF DEFECTIVE WELDS 


Because of insufficient knowledge on 
the part of the author to properly 
interpret gamma-ray radiographic films, 
two experimental pipe welds were made 
in which many common pipe weld 
defects were purposely made in order 
that the resulting radiographs could be 
accurately checked with the actual defect 
by polishing and etching many sections 
actually cut from the defective weld. 


$2 


Fic. 6.—Cross-Sections of Weld Shown in Fig. 5. Etched in 15 per cent aqueous nitric acid (X 1). 


the depth of the shallowest hole visible 
is listed. A 25-mg. radium source was 
used in exposures Nos. 1 to 9 and a 
100-mg. source was used in exposures 
Nos. 11 to 19. A high-contrast - fine- 
grain film having a 150 per cent slide 
rule factor was used in all exposures. 

In contrasting exposure Nos. 1, 2, 
and 3 with respective exposures Nos. 
11, 12, and 13, it can be seen that the 
results of the former three, in which the 
25-mg. source was used, are definitely 
superior to the latter. As the source-to- 
film ratio is increased, however, it may 
be seen that superiority of the smaller 
capsule diminishes, though it may be 
said that for exposures in which the 


Reduced one half in reproduction. 


In the first experiment a 63-in. outside 
diameter 0.432-in. wall pipe was used. 
A 100-mg. source was placed centrally 
within the pipe resulting in a fixed 
source-to-film ratio of approximately 
5.7 to 1. Two Agfa Non-Screen films 
(20 per cent slide rule factor) were 
alternated between three sheets of 0.005- 
in. lead foil, placed in the cassette, and 
wrapped around the circumference of 
the weld. 

After radiographing, the pipe was cut 
into three sections and both the outside 
and inside of the weld was photographed 
as shown in Fig. 5. Following this, the 
three sections were then cut into a 
total of twenty 1-in. sections each of 
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which were polished and etched to show 
the various defects purposely produced. 
Twelve of these sections, shown in Fig. 
6, are sufficient to illustrate a majority 
of difficulties which might be encoun- 
tered. The radiograph of this weld is 
shown in Fig. 7. The exact location of 
each of the twelve sections of Fig. 6 
with respect to the radiograph are so 
marked on Fig. 7. 

Practically all pipe welds used in 
high-pressure power plant piping have a 


RESSURE PIPE 1121 
recessed and seal welded to the pipe 
on one side. 

Sections Nos. 31, 32, and 41, Fig. 6, 
show large slag inclusions which resulted 
from welding over the top of and trap- 
ping slag. In addition, section No. 41 
shows the backing ring to be melted 
with a small amount of metal protruding 
from the ring. Where regions of lesser 
density occur such as above, a greater 
percentage of the rays can penetrate 
the steel and thus produce dark spots 


Fic. 7—Gamma-Ray Radiograph of Experimental Pipe Weld (Fig. 5). 


solid machined back-up ring so that good 
penetration can be secured without the 
possibility of having “‘icicles’” protruding 
into the pipe. The pipe ends in practi- 
cally all cases are so machined as to 
allow for a partial if not complete recess 
of such rings. Since there are many 
methods of inserting these rings with a 
still greater number of viewpoints as to 
width and thickness of rings, confusion 
in interpretation of radiographs are not 
unlikely. From Figs. 5 (6) and 6 it 
may be seen that the backing ring is 


on the film. Conversely, in regions of 
increased metal thickness such as No. 42 
where an “‘icicle” has actually formed 
on the backing ring, light areas occur 
on the film. 

Lack of penetration, or no welding at 
all, of the backing ring seal bead can be 
observed in Figs. 5 (b) and 6. This may 
be seen on the radiograph adjacent to, 
and running between, Nos. 2 and 8. 


This occurs as dark streaks and spots — 
of varying density. Also observable on 


the radiograph is a dark streak running 
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(b) Inside surface. 


Fic. 8.—Experimental Pipe Weld, 14 in. in outside diameter by 1.412 in. in wall thickness. 
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directly through the center of the weld 
between Nos. 6 and 8. This is shown 
to be lack of penetration of the butt 


both the seal bead and the butt weld as 
shown in section No. 81 is something 
which can only be determined by radiog- 


Fic. 10.—Gamma-Ray Radiograph of Experimental Pipe Weld (Fig. 8). 


weld to the backing ring (Fig. 6, Nos. 
72 and 81). It is to be pointed out that 


the condition of lack of penetration | of ° 


raphy and not by visual inspection of 
either the inside or outside of the pipe. 
One other condition which is to be ob- 
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served on the radiograph is that of the 
change in density of the weld at No. 8. 
This is the result of a change in section 
from a flush weld bead to one of slight 
reinforcement, as noted from sections 
Nos. 81 and 92. Between Nos. 8 and 2 
(on radiograph) an attempt was made to 
produce a weld which was satisfactory 
in all respects, sections Nos. 92, 11, and 
12, of which are shown in Fig. 6. It 
may be seen from the radiograph, how- 
ever, that a small gas pocket formed 
adjacent to No. 1. 

In the second experiment, a 14-in. 
outside diameter 1.4-in. wall pipe was 
used. A 25-mg. radium source was 
placed centrally within the pipe resulting 
in a fixed source-to-film ratio in this 
case of approximately 3.7 to 1. For 
this exposure two Eastman Hi-Contrast 
Fine Grain Type A films (150 per cent 
slide rule factor) were alternated with 
three sheets of 0.005-in. lead foil and 
wrapped around the circumference of 
the pipe. The reason for using both the 
smaller radium capsule and the fine- 
grain film was due to the simultaneous 
decrease in source-to-film ratio and 
increase in wall thickness which is in 
line with the previous discussion on 
sensitivity. The experimental proce- 
dure of producing weld defects, followed 
by radiography and sectioning, was 
followed out as in the case of the first 
experiment. 

Figure 8 shows the outside and inside 
of the weld. Figure 9 shows 20 out of 
a total of 42 sections which were polished 
and etched to reveal the actual defects. 
Figure 10 shows the defects as revealed 
by radiography prior to any sectioning. 

It may first of all be recognized that 
the appearance of the entire cover pass 
shown in Fig. 8 (a), is misleading with 
respect to the many defects present in 
this weld, since the surface appearance 
of this weld would normally indicate one 


of good quality. Observation of the = of penetration of the backing ring 
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inside of the weld and backing ring, 
Fig. 8 (5), however, clearly indicates 
several unsatisfactory conditions. Melt- 
ing of the backing ring and an “icicle” 
condition is seen between Nos. 10 and 11. 
Two large holes in the backing ring are 
present at Nos. 11and12. This resulted 
from excessive welding current when 
depositing the first bead. In the region 
of No. 7, the backing ring has pulled 
away from the pipe on one side. Also 
seen is scattered and inconsistent tacking 
of the backing ring to the pipe. 

It must be kept in mind in many 
instances where radiography of field 
welds is required that the inside of the 
pipe is completely inaccessible in so far 
as visual observation is concerned, there 
being only a 1-in. hole drilled in the pipe 
adjacent to the weld for the insertion 
of the radium capsule. For this reason 
it is extremely important properly to 
distinguish minor defects, which may be 
in or adjacent to the backing ring, from 
major weld defects, which may be 
injurious to the piping system, without 
reference to the root side of the pipe weld. 

Since the exact location of each of the 
20 polished sections, Fig. 9, is marked 
on the radiographs, it is believed that 
the radiographic interpretation becomes 
essentially self explanatory. 

With reference to the radiographs 
in Fig. 10, a sound weld in all respects 
was made between Nos. 14 and 3. From 
Nos. 4 to 10, the weld was so made as to 
produce lack of penetration at the root of 
the weld and thus form a small crack at 
the root. A discontinuous dark line may 
be seen on the radiographs running cen- 
trally through the weld between Nos. 
4and 10. This is further substantiated 
by observation of the polished sections. 
A dark line of greater width is also seen 
in the radiographs running along the 
outer edge of the weld and between Nos. 
7 and 9, and 11 and 13. This represents 
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sections. 
produced by welding over a heavy layer 


radiographs is 


seal weld to the pipe and is completely 
without the main weld area as may be 
seen from polished sections 8-2, 9-1, 11-1, 
12-1, etc. (Fig. 9). 

The defect between Nos. 5 and 6 on 
the radiograph is that of a ;s-in. stove 
bolt and nut which was welded into the 
joint, the head of which is shown in the 
polished section No. 5-2. The dark 

streak near the extremity of the weld and 
opposite No. 6 on the radiograph is the 
result of a 7-in. electrode stub approxi- 
mately 2 in. long which was placed in 
the joint and covered over with weld 
metal. Considerable porosity is visible 
between Nos. 8 and 10 on the radio- 


RADIOGRAPHY 


side of the pipe. The images of all four 
penetrameters are visible in Fig. 10 (top). 

As was expected, the images of the two 
penetrameters placed on the source side 
are somewhat enlarged. 

From the standpoint of radiographic 
contrast, it seems that little if any 
difference should result regardless of 
which side of the material the penetram- 
eter is located. From the standpoint 
of radiographic definition and sharpness 
of image, there is no question that a 
sharper penetrameter image will result 
if the penetrameter is placed on the film 
side in preference to the source side, 
though again, whether this difference 


Fic. 11.—Gamma-Ray Radiograph Showing Pipe Weld Which Was Made with Bare Wire Approxi- 
mately 15 yr. Ago. 


graphs, some of which may also be 
_ observed from the corresponding polished 
This condition of porosity was 


of slag from a previous pass. Further 
explanation of defects observed in these 
believed to be un- 
necessary. 

j In addition to the study of weld 
defects in this experiment, a brief study 
was made on the effect of penetrameter 
location as it affects penetrameter image, 
about which A.S.M.E Boiler Code Case 
No. 953 deals.’ In this experiment, two 
stepped penetrameters and two single- 
thickness penetrameters were used, one 
of each being placed on the source side 
and one of each being placed \ on the film 


in sharpness is noticeable to any appre- 
ciable extent will depend on both the 
source-to-film ratio and the size of the 
radium capsule (size of focal spot). 

It is the author’s opinion that for all 
practical purposes little if any difference 
is to be seen in images of the penetrame- 
ters placed on both the source and film 
sides of the pipe as shown in Fig. 10 
(top). 

Figure 11 is a section of a 103-in. 
outside diameter ;°s-in. wall pipe which 
was recently removed from an existing 
installation. This weld was made using 
bare wire and, as near as can be de- 
termined, placed in service about 15 yr. 
ago. A ;%-in. bare wire electrode used 
to fill in the root of the weld may be 
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superheater header outlet. 
_ photograph it may be seen that the valve 


3 to 4 in. off the valve seat. 


‘seen in this radiograph; also lack of 
penetration, excessive porosity, “icicles,” 
etc. The same penetrameter experi- 
ment was performed in connection with 
this radiograph and the results may be 
seen to closely parallel those of Fig. 10. 
The amazing point is, that such a weld 
actually did not fall apart. 


APPLICATION TO COMPLEX WELDED 
Prpinc ASSEMBLIES 


Due to the complexity of pipe con- 
nections and piping systems in general, 
each job presents its own problems, sev- 
eral of which are illustrated. Figure 12 
illustrates the procedure used in radio- 
graphing a weld in a 10#-in. outside 
diameter 0.843-in. wall carbon-molyb- 
denum steel double square pipe bend to 
be used in a main steam line which is to 
operate at 900 psi. and 900 F. The 
radium is placed within the end of the 
wooden carriage and pulled centrally 
through the pipe until opposite the weld, 
around which the film has already been 
placed. 

Figure 13 illustrates the radiography 
of a welded joint connecting a 14-in., 
1500 psi. nonreturn valve to a boiler 
From. this 


stem could be raised only approximately 
In order 
to lower the radium centrally approx- 
imately 18 in. below the valve seat it 
- was necessary to fasten the radium to 
_ the center of a wooden cross, the cross 
_ being suspended on fish line and sup- 
_ ported by a board placed across the 
valve seat. 

In contrast to this it is sometimes 
necessary to radiograph small diameter 
_ marine piping in which the radiograph 


must be taken entirely from without 


the pipe weld. Figure 14 shows a radio- 
graph of a 4-in. standard pipe weld and 
backing ring taken through both walls 


of the pipe. This is accomplished by 
means of the procedure shown in Fig. 
2 (e). In order to obtain the upper and 
lower quadrants which are shown to be 
underexposed it is necessary to rotate 
the pipe 90 deg. and make a second ex- 
posure. 
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Both radium and film external to pipe. 


SUMMARY 

Gamma-ray radiography is believed 
preferable to X-ray radiography for use 
in radiographing circumferential pipe 
welds, due to the relative simplicity and 
greater adaptability of the former 
method. This is particularly true where 
field radiography is required. 
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When radiographing circumferential 
pipe welds in which the radium is placed 
centrally, the source-to-film ratio seldom 
exceeds 7 to 1 and may be as low as 
3 to 1. When working with such low 
ratios, the size of the radium source 
should never exceed 50 mg. and should 
preferably be 25 mg., if good radio- 
graphic detail is to be expected. 

Under the most favorable radiographic 
conditions, the absolute sensitivity of 
the higher-speed coarse-grain films such 
as Eastman Type K, and Agfa Non- 
Screen, was found to be 0.02 in. The 
use of a slower-speed - fine-grain film, 
such as Eastman Type A, however, was 
found to have an absolute sensitivity of 
0.01 in. or better. The type of film to 
be used will of course depend upon, first, 
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the results desired and, second, the ex- 
posure time required. 

From the results of test welds, as well 
as welds made in production, it is felt 
that the gamma-ray method of radio- 
graphy will adequately pick up both 
major and minor weld defects. 
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ally from the shadow standpoint. 
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Mr. O. R. CARPENTER.'—In discuss- 
ing or comparing gamma rays with 
shadowgraphs, I think that perhaps we 
_ should not neglect the fact that not only 


_ do they produce shadows, but gamma 


rays also have the ability to penetrate 
~ and to be absorbed in steel, which does 
not make shadowgraphs as demon- 


strated by Mr. Emerson an exact analogy 
- to the penetration of steel -by gamma 
‘rays. 


From that standpoint I do not 
believe that the penumbra picture is 


exactly true. 


The very fact about comparing a light 
_ shadow with a gamma-ray shadow is that 
light has absolutely no ability whatsoever 
to penetrate a defect, whereas your X- 
rays or gamma rays do have. In con- 
sequence, the image which you are get- 
ting on the film is not only the shadow of 
the outline of the defect, but it is the 
result of a difference in the amount of 
radiation reaching the film due to the 
_ differential in absorption of the beam 
_ through the defect as it is measured by 
the film. You not only have a shadow 


_ but you also have a differential in ab- 


sorption recorded by the film itself. 

The point I wished to bring out is that 
you have a certain degree of absorption 
by a beam of X-rays or gamma rays, 
which changes considerably the picture 
of film distance as worked out geometric- 
The 
very fact that the beam is absorbed does 
not make the geometric diagram work 
out exactly to the point. 


on 1 Bebeock & Wilcox Co., Barberton, 
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DISCUSSION 


Mr. R. W. Emerson.*—I am in com- 
plete agreement with Mr. Carpenter’s 
remarks, realizing that due to the 


“depth effect,” resulting from the differ- 
ential absorption of gamma rays or 
X-rays by steel, quantitative measure- 
ments of image sharpness, penumbral 
shadow, 


etc., by the shadowgraph 


Fic. 1.—Light-Ray Shadowgraph Taken Under 
Conditions Comparable to Those of Fig. 14 
of the Paper. 


method would introduce error and that 
results obtained by this method would 
not be exactly comparable to radio- 
graphic results obtained under parallel 
conditions of d/t ratios, source size, etc. 

On the contrary, it was my intent that 
the shadowgraph analogy should be 
considered purely in a qualitative sense. 
From this viewpoint we may neglect 
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the “depth effect” and consider the defect 
to lie in one plane. 

I had only one purpose in mind, when 
showing the shadowgraphs of Fig. 4, 
namely, that whether we have ordinary 
light rays or gamma rays, a relatively 
large d/t ratio will produce a sharp 
shadow, while a small ratio will produce 
a shadow with indistinct or fuzzy edges. 

To further illustrate that the general 
shape or contour of an ordinary light ray 
shadow is in a qualitative sense com- 
parable to shadows produced by gamma 
rays, the accompanying Fig. 1 is given, to 
be compared with Fig. 14 of the paper. 

The wide light area at the top and 
bottom of the pipe can be seen to taper 
to a narrow line at the center of the pipe 
in the radiograph of Fig. 14. This is due 
to differential absorption, about which 
Mr. Carpenter has spoken. This, of 
course, is not to be found in the accom- 
panying Fig. 1, since the steel ring is 
opaque to white light. 

I have, however, found the shadow- 
graph method very useful in explaining 
the general methods employed in gamma- 
ray radiography to persons who are sup- 
posed to interpret films but seem totally 
unfamiliar with the methods employed 
in the process. 

Mr. H. H. Lester.*—Mr. Carpenter’s 
point is well taken. The X-ray image 
is not a shadowgraph in the strict sense 
of the term because of the effect of the 
dimension of the defect in the direction 
of the radiation, which we may call a 
“depth” effect. However, if the size of 
the source of radiation, that is, the focal 
spot of the X-ray target or the size of the 
radium pill is very small, or the d/t ratio 
is sufficiently great, a sharp shadow will 
be obtained from any plane that can be 
drawn through the defect perpendicular 
to the direction of the radiation. This 
condition will be met if sharply defined 
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images of the holes of the Boiler Code 
type of penetrameter are registered on the 
negative. 

It has been our experience that much 
larger working distances are required 
than those indicated by Mr. Emerson, if 
sharp images are to be obtained. It is 
true that there will be a registry of de- 
fects for short working distances where 
the d/t ratio is less than that required for 
sharp images. That is, there will be 
relative contrasts that are indicators of 
the presence of defects. But such 
images are not always easily interpreted, 
may be misleading, and images of fine 
cracks may be missed altogether. 

It is believed that the present trend in 
radiography is toward better images. 
The advocacy of lower d/t ratios than 
will give good images is not in line with 
this trend. 

Mr. C. A. Apams.‘—I should like to 
ask whether Mr. Emerson has come to 
any conclusion as to the minimum size of 
penetrameter hole which will show up 
clearly on the films with a distance ratio 
as low as three. 

Mr. Emerson.—I have no exact in- 
formation available using a ratio as low 
asthree. The 14-in. outside diameter by 
1.4-in. wall pipe discussed in my paper, 
produced a d/tratiooffour. A standard 
type Boiler Code penetrameter was used 
which was originally made for a steel 
thickness of 1.3 in. 

The penetrameter thickness was 0.026 
in. and the diameter of the holes was 
0.062, 0.078, and 0.104 in., respectively. 
All three holes were actually visible when 
the penetrameter was placed on either the 
film side or the source side, with defini- 
tion sufficient so that you could easily 
pick the holes out.. Naturally you are 
going to get a slight enlargement of the 
penetrameter image on the source side, 


4 Professor of Engineering, Emeritus, Harvard Uni- 
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but the holes actually showed up so that tanks enameled pots (like the steamer pot 


there was no question of the fact that the 
holes were present. The exposures were 
made with a 25-mg. capsule. The diam- 
eter of the source was about ;¢ in. 

Mr. Lester.—That is the point I 
tried to make a while ago. You can see 
those penetrameter images because you 
have difference of contrast, but you will 
not see them with sharp edges unless you 
get rid of the penumbral shadow, which 
destroys detail and is objectionable for 
some types of work. With the smaller 
capsule, you can use a smaller ratio. 
With a 200-mg. pill, the chances are you 


_ will have to have a d/t ratio of around 20. 


Mr. ALEXANDER Gosus.'—In con- 
nection with our power plant piping, and 
the inspection thereof with radium, we 
have used for a number of years nearly 
the same method that Mr. Emerson has 
described, with the exception that we 
have used single lengths of film. We find 
it of great advantage to buy 5 in. wide 
film 50 ft. long, take it out in the field, 
and cut it to suit the job. When we 
hand the film to an inspector he has just 
one picture to look at, and does not need 
to piece together a number of separate 
films from the same circumferential weld. 

We have worked this film up to 50-in. 
diameter shells. However, we do not use 
a single film for that large diameter. We 
use up to 5 ft. successfully. We have 
devised a stainless steel fixture to put 
the film on, coil it up in a reel and 
drop it in a portable tank out in the field. 
In using this film in the field, there 
are very few people who have a satis- 
factory dark room, especially in the 
smaller plants or around a power plant, 
but so far we have had considerable suc- 
cess in being allowed to work in the local 
hospitals, and every one of them has had 
a bench about 6 ft. long that we could 
use. We carry around as our portable 


Lucius Pitkin, Inc., New York, N. Y. 


in a kitchen), about 12 in. in diameter by 
14 in. high, and we use our own developer 
and hypo in the hospitals. 

Instead of carrying powders and going 
through all the trouble of mixing them, 
we use the concentrated liquid developer 
and concentrated liquid hypo. It costs 
only a few cents more, but saves a lot of 
trouble in the field. 

Mr. Grpert E. Doan.*—Coming 
back to this question of fuzziness and 
focal distance, as long as the source is 
larger than the flaw you are going to get 
some haze. It is true that the amount of 
haze will diminish as you increase the 
distance, but you will always get some, 
and I do believe that the distances that 
are being used are in many instances 
much longer than necessary. 

We reported on a series of experiments 
a few years ago in which we made definite 
flaws of definite width and depth in 
blocks of steel of different thicknesses, 
and reported detection of those flaws 
with much shorter distances than are 
commonly used. 

It is true that you do not get the same 
degree of definition, but in many in- 
stances you can put up with a good deal 
of haze if it will permit you to shorten 
your focal distance and exposure time, 
and I have a very definite conviction 
that some of the distances that are being 
used can be cut down in instances where 
you do not need that high degree of 
sensitivity. 

THe Co-CHarRMAN (Mr. James J. 
Curran’).—Mr. Doan’s remarks are very 
much to the point. In some of our 
own practice on castings we elect to use 
short distances to speed up exposure so 
that we can cover a casting 100 per cent. 
We know that we will not get the opti- 
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mum definition or sensitivity, but we 
feel that we will get some sign of the 
defect if it is present, and we can always 
make a single shot under better condi- 
tions to bring that out more definitely. 

Mr. ApAms.—Are these fine-grained 
films, which I understand are directly 
sensitive to the radiation without trans- 
mission through a screen, equally sensi- 
tive to ordinary light radiations? 

THE Co-CHarrMAN (Mr. H. E. See- 
mann*).—No, they are not. They are 
ordinarily considerably slower to light 
than the screen films. In making up 
that type of film no attention need be 
paid to that particular factor. 

Mr. Apams.—In other words, they 
are easier to handle in light? 

Mr. SEEMANN.—Yes. They are safer 
in the darkroom. If a person is using 
one type of film right along, there is al- 
ways a possibility of his being able to 
increase the amount of light in his dark 
room, provided he makes satisfactory 
safelight tests himself. 

Mr. Curran.—This subject of the 
sensitivity of films is one that has worried 
us at times. Some time ago in our own 
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plant a copying camera was installed to aa 

copy tracings and so forth forthe record. => 4 
When we became aware of the fact that 
this apparatus had been placed in a 
specially constructed room right next to 


our radium room, we sounded the alarm kh 
immediately. Everybody was very much * 
afraid of what would happen to the film “ 


that was already stored there, but we 
made some tests and were rather amazed 
to find that the Recordak film could be 
exposed in a sealed envelope for some 
time, we think it was actually 24 hr., 
within a few inches of a 300-mg. capsule 
of radium without any fogging. So all 
film is not equally fogged by radium. 
Mr. SEEMANN.—We do not know of 
any photographic emulsions that are not 
sensitive to gamma radiation, but they 
vary in sensitivity between wide limits. 
I think if you had been willing to wait 
long enough you could have obtained 
some exposure on the Recordak film. 
Mr. Gosus.—About two years ago I 
was caught without film, without likeli- 
hood of getting about 3 ft. of film for 
three or four days, and I used a roll of 
Verichrome, took a pot shot, gave it 
arr exposure, and had a satisfactory 
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AN IN INVESTIGATI IN OF 


THE APP ARATUS USED IN RADIUM 


RADIOGRAPHY 


; bb L. W. Batt’ anp D. R. 


In radium radiography, the apparatus 


used is simple compared with X-ray 


apparatus, and secondary radiation is 
relatively unimportant. However, there 
is still a considerable difference between 
the good quality of radiographs obtained 
with a suitable choice of apparatus care- 
fully arranged and the poor quality that 
can result from unsuitable apparatus and 
careless arrangement. 

The object of the experiments de- 
scribed in this paper. was to provide 
guidance to radiographers in the selection 


and setting up of their apparatus by 


measuring the degree to which variations 
in each feature of the apparatus affect 
the radiographic sensitivity. 

These features will be considered under 
four headings. They are: (1) the source, 
consisting of the active substance and the 
capsule in which it is sealed; (2) the 
surrounding material consisting of the 
walls of the room, table top, etc., to- 
gether with the protective housing used 
to limit the spread of the radiation; (3) 


1 Research Physicist, Triplett & Barton, Inc., Burbank, 
Calif. Formerly with the National Research Council of 
Canada. 

2 Radiogra her, Inspection Board, United Kingdom 
and Canada, Ottawa, Ont. 


TABLE L. 


Shape Diameter 


cylinder 
cylinder (0.24 in.) 


@ Normal radon gas is not highly concentrated. 


-SPECIFICATION OF GAMMA-RAY SOURCES. 


lin necessary, 1000 mc. could be enclosed in the 1-mm. bulb. 
concentration of of the radium salt would be prohibitively expensive. 


the cassette, containing the film and 
screens; and (4) the photographic equip- 
ment consisting of the film, processing 
solutions, and viewing lamps. 

The use that the radiographer can 
make of the results of these experiments 
will depend very much on his subject. 
For thin material containing fine flaws 
remote from the film, the effect of the 
source size is most important, while for 
heavy castings containing only coarse 
cavities, the effect of thick lead screens 
and of the protective housing in reducing 
external secondary radiation is most 
important. Fortunately, however, the 
features that are especially important in 
certain cases are quite desirable in gen- 
eral practice and a complicated variety of 
techniques is not necessary. 


THE SOURCE 

Table I presents the specifications of 
three different gamma-ray sources. Any 
difference in the quality of the radio- 
graphs that they produce is due solely to 
differences in their effective size. In 
some radiographic problems (see Fig. 
1 (a)), a small source is the only way to 


Length, 
ome. Content* Capsule Wall 


100 mc. radon 1 mm. glass 


30 mg. radium 1 mm. silver 


6 250 mg. radium 1 mm. silver 
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BALL AND DRAPER ON APPARATUS 


(a) Source-Film (b) Distance (c) Distance 
Distance Slightly Very 
Fixed Variable Variable 
‘ 4 
‘ 
(Cast bomb case) (Tank wheel (Cast armor plate) 


Fic. 1.—Representative Gamma-Ray Subjects. 


get very sharp images of narrow cavities, 
but in general, the detrimental effect of a 
large source size (f) can be compensated 
by using a large source-film distance 
(S. F. D.). 

To make this compensation some 
simple formula is needed to give a rela- 
tion between S. F. D. and f that will 
provide the same degree of image legi- 
bility for narrow cavities. 


Source 


Usep IN Raprum RaprioGRApHy 1135 

A radiographic image of a cavity of 
constant depth consists of a background 
of uniform film density Dg, a penumbra 
region where the density is changing at 
an average rate of 6D/éX and a central 
umbra or penumbra region of constant 
density D, (Fig. 2). The legibility of 
the image depends first on the total 
contrast (D,;—D,) which must exceed 
0.02 density units, and second on the 
sharpness 6D/6X which must exceed 
about 0.2 density unit per inch. 

If the contrast and sharpness exceed 


the threshold values, the human eye ix 
can detect the image of a cavity no aes, 
matter whether it is an umbra or a pen- Bias 
umbra image. But for a cavity of a i “fi 


given depth the contrast of the image | 
decreases when the umbra is lost; there- 
fore, a suitable formula for determining 
the source-film distance should ensure 


« 


a eae 


Contrast (Dr 
Sharpness (60/6X) 


-Penumbra 


\ Sharpness (60/6X) (6L/6X) 


Contrast (0;-Dg) (0, -Dg) 


\ 

Slope €D/6X = 0.20 

(6) Effective width of an image. 


(a) Image contrast and sharpness. 


—Image Contrast and Sharpness and Effective Widt 
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that the smallest cavity diameter that 
casts an umbra shadow is the same with 
each source. This cavity diameter may 
be called the ‘‘tumbra limit” and it is 
equal to the source diameter divided by 
the ratio of the source-film distance to 
the cavity-film distance, that is, the 
umbra limit U = f + (S. F. D.:d). 

For example, with S.F.D.:d = 4:1 the 
umbra limit for a 250-mg., 6-mm. 
diameter radium source is 1} mm., but 
for a 250-mc., 1-mm. diameter radon 
source, the umbra limit is only } mm. 
Alternately, to obtain an umbra limit of 
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in., the mort should be used with a 
source-film distance of 12 in. and the 
radium with a distance of 72 in. 

Doan and Young (1)* have preferred a 
formula based on an umbra 35 in. in 
diameter and an allowance for the ob- 
liquity of the radiation. However, it is 
not possible to obtain exactly the same 
sort of image with different source sizes, 
so elaboration of the simple ‘umbra 
limit” criterion is not an advantage. 

So far, the “effective source” of 
radiation has been identified with the 
radioactive material. However, it can- 


* The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 1143. st 


Fic. 3.—Scatter from Capsule and Holder. i 
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not be assumed that the theoretical 
shadows cast by the radioactive part of 
the source are the only factors in reveal- 
ing fine defects. Secondary radiation 
from the radiographic subject modifies 
the image in quite a complicated way 
(2) and secondary radiation is also 
emitted by the capsule. 

Experimental tests of the importance 
of these secondary effects were made. 
Figure 3 shows the arrangement used to 
study the effect of scatter from the 
capsule. 

The source consisted of a glass capil- 


lary tube with a 1-mm. internal diameter 
bulb blown on the end and containing 
radon. In practice, radium is usually 
sealed in small silver capsules with 1 or 
2-mm. wall thickness and these small 
capsules are contained inside a brass, 
steel, or aluminum holder with a wall 
thickness of about 1 cm. In the experi- 
ments the smaller brass sheath was used 
to represent silver capsules and larger 
brass and aluminum sheaths were used 
to represent typical holders. The slits 
in the }-in, steel plate were used to 
represent fine defects. Four films were 
exposed, one with the glass tube only and 
one with each of the sheaths. Each 


film was microphotometered along the 
paths shown in Fig. 3. 


Neither in the 
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photometer curves nor in visual ex- 
amination of the films could any differ- 
ences be found that were due to the 
presence of the sheaths. 

Therefore, in considering the design of 
a radium capsule or holder, secondary 
radiation produced by them may be 
neglected. 

To study the importance of the in- 
ternal diameter of the capsule, the three 
sources described in Table I were used. 
To compare these sources experiments 
similar to those illustrated by Fig. 3 
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sharpness of the images will be expected. 
In either case, when conditions are such 
that secondary radiation from the steel 
block contributes greatly to the image, 
this contribution will be independent of 
small differences in the source size, and so 
it may make the primary differences 
unimportant. 

One series of experiments was carried 
out with the arrangement shown in 
Fig. 4(@). In these exposures primary 
radiation always cast an umbra shadow 
of each slit and secondary radiation had — 


(0) 
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Fic. 4.—Umbra and Penumbra Images (Primary Radiation). 


were made, but the details were arranged 
to distinguish the following conditions. 
When a defect is so near to the film that 
all the sources cast umbra shadows, each 
source should give the same contrast, 
that is, the same difference in density 
between the center of the image and the 
background. Under this condition only 
very minor differences in legibility due to 
different density gradients at the edge of 
the image may be expected. When a 
defect is at such a distance from the film 
that it casts an umbra shadow with a 
small source, but only a penumbra 
shadow with a large source, marked 


differences in both the contrast and the 


+ 


fer 
the maximum chance to contribute to the | ¥. 
images. Under these conditions differ- 
ences between the three sources should be 
reduced to a minimum. Photometer 
curves were made and they, together 
with visual comparison of the films, 
showed that the effect of source size 
under these conditions was quite negli- 
gible. 

It follows that in the radiography of 
cast or welded plates, or other materials 
placed very close to the film, a small 
source is not essential. 

A second series of experiments was 
carried out with the arrangement shown 
‘in Fig. these exposures primary 
if 
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Photometer Traces 


Source | 
Diameter, in. 


Radiographs 


0.04 


Fic. 5.—Image Legibility and Source Size. 


radiation from the 1-mm. source cast 
umbra shadows of all the slits, from the 
3-mm. source of three of the slits, and 
from the 6-mm. source of only two of the 
slits. Under these conditions, which 
produce some umbra images without any 
scatter assistance, differences between 
the three sources should be most pro- 
nounced. 

Figure 5 illustrates the striking differ- 
ences actually obtained. 

Results of this nature are not very 
useful to the practical radiographer un- 
less some lucid method of generalization 
is introduced. Table II is an attempt to 
express the present data in a manner that 
is applicable to practice. 

In compiling this table a value of 
D:d = 4 was used with source diameters 
of 0.04, 0.12, and 0.24 in., but the results 


TABLE Il.- OF K SENSITIVITY 
TO UMBRA LIMIT 
Steel block 1.25 in. thick. 
Minimum Depth of Visible Slit, 
per cent (OD = 0.03) 


0.01-in. 0.02-in. 0.04-in. 0.06-in. 0. 08- in. 
| Slit Slit Slit Slit Slit 

Width | Width | Width | Width Width 
i | 


can be applied to any other combinations 
giving the same umbra limits. 

To apply this type of table to practice, 
the radiographer should calculate the 
umbra limit for a proposed inspection and 
use the table to determine whether the 
crack sensitivity is satisfactory. If it 
is not, he should use the table to de- 
termine the improvement that would be 
provided by a smaller umbra limit, that 
is, by asmaller source or larger D:d ratio. 

The two experimental arrangements 
already described represent normal radio- 
graphic conditions. Cases where scat- 
tered radiation might assist in forming 
images of cavities remote from the film 
do not occur in testing welds or castings 
of ordinary thickness. However, there 
remains the case of testing very thick 
plates by placing radium in contact with 
one side and a film in contact with the 
other. The question arises: is the size of 
the source important in this case, or does 
the image-producing effect of secondary 
radiation mask primary differences? An 
experimental test of this case was made 
using a composite block of steel 6 in. 
thick. Slits in a -in. plate were included 
in the block between 14 and 2 in. from the 
film surface. The resulting films showed 


| | 
t 
wel 
0.24 
4 
|, 
{ 
1 
J 
1 
0.03......... 
2 


that the dependence of image legibility 
on source size was not decreased very 
much by the contribution of secondary 
radiation from the 4 in. of steel above 
the slits. 

The net results of the four groups of 
experiments just described are that 
in any practical consideration of the 
effect of source size, secondary effects 
can be neglected and that the relative 
legibility of narrow images can be antic- 
ipated by calculating the simple umbra 
limit and applying experimental data in 
the form shown in Table II. 


Fic. 6.—National Research Laboratory Type of 
Protective Housing. 


With regard to the shape of capsules, 
radon bulbs’ obviously should be 
spherical. The radium cylinders with 
their length equal to their diameter are 
most suitable for the radiography of 
castings. A disk-shaped capsule reduces 
absorption of gamma rays within the 
radium and facilitates stacking of several 
units, but the larger source diameter is 
only justified when the D:d ratio has to 
be large because of considerations other 
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are emitted in all directions. 


_ objects, and produces scattered radiation 


than the umbra limit, as for example in 
the radiography of flat plates. 

If a source much more powerful than 
250 mg. is required for use with a D:d 
ratio Jess than 4:1, the only way to ob- 
tain an umbra limit less than 2 Js in. isto 


use radon. When the geometry of the a 


object enforces a D:d ratio of less than | i ae 
2:1 and a source more powerful than 30 /. 


mg. must be used, radon is again the a5) 
solution. Gun barrels or breaches radio- _ 

graphed from the inside are the most ob- = 
vious examples of need for radon. aa 


THE SURROUNDINGS 
In radium radiography gamma rays 


In a room 
radiation strikes all the walls and other 


from them. At any point on the film — 
there may be intense local scatter from > 
some nearby object, but in addition there — 
will be a general scatter intensity built up 
by the whole enclosure. To reduce this at 
intensity, either the walls and tables may 
be covered with material that scatters | ci 
little, or caey wren be removed; that is 


use gamma is in asmall 
brick or concrete enclosure, but when 
such conditions are unavoidable, con- —_— 
siderable improvement can be obtained 
by using a protective lead housing close 
to the source. 3 


periments were made to measure its in- — 
tensity. A steel block 4 in. thick with — 
slots in its upper surface was radio- — 

graphed with the radium vertically over Remy 
one edge. Exposures were made witha — 
capsule only; with a series of brass, steel, 
and aluminum holders; and with the lead 
housings. In each case the intensity of | 
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undercutting secondary radiation 
4 was quite negligible. 

To study the factors that effect general 
room scatter, a special series of experi- 
ments was devised which may be called 
the “scatter-box” experiments. A lead 
pyramid and boxes of iron, lead, brick, 
and wood were made and set up as shown 
in Fig. 7. The 4-in. lead pyramid re- 
duced the intensity of the direct radiation 
reaching a film either in position F or B 
by a factor of 250. 

In a preliminary experiment, the lead 
pyramid was fixed on thelaboratory roof 


/2 
4-in. Brick etc... 


Multiple 
Scotter 


LLL 
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Fic. 7.—Scatter Box with Lead Pyramid. 


with the film on top (position B) and the 
radium in position underneath. With 
this arrangement, only direct radiation 
could reach the film because the scatter 
from the sky was negligible. It was 

- found that the direct radiation produced 
a density of 1.0 (above the background 
density of 0.15) on direct-exposure film 
between 0.018-in. lead screen in 5.8 hr. 
When the same pyramid and radium 
source were inserted in the “scatter 
boxes” a film blackening of 1.0 was ob- 
tained in 1.35 hr. with 4-in. thick brick 
walls, in 2.3 hr. with 4-in. thick wood 
walls, in 3.75 hr. with }-in. thick lead 
walls, and in 2.0 hr. with $-in. thick 
iron walls. 
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In practice, the radium is not placed in 
mid-air equidistant from six similar walls 
(floor and ceiling included), but it is 
placed fairly close to the floor or to a 
table top. It is important to know 
whether this close surface is the pre- 
dominant source of scatter. 

The radium, casting, and film are 
either set up in a horizontal arrangement 
along the floor or table top, or they are 
set up in a vertical position with the 
radium suspended above the film which 
lies on the floor or table. 


TABLE III.—SCATTER FROM NEAREST SURFACE. 


Blackening 
Distance, Rate Without; Rate With 
Film Above! \%-in. Lead | \%-in. Lead 
Surface, in. Sheet, density|Sheet, density 
units per hr. units per hr. 


Blackening 
Material 


HorizontaL ARRANGEMENT 
2 in. wood.... 1% | " .09 
1 


Concrete. ..... 1 


2 in. wood....| 


Concrete | 


Experiments were made to test the 
effect of scatter from the closest surface 
in both cases. For the horizontal case 
the lead pyramid was mounted parallel to 
the floor and at various small distances 
above it. The film was held 2 in. beyond 
the pyramid. For the vertical case the 
pyramid was placed immediately above 
the floor with the radium above and the 
film underneath. Similar experiments 
were made with the wood table top and 
with both the floor and table covered with 
} in. of lead. 

Once again it is necessary to find some 
lucid way of expressing the experimental 
measurements in a form in which they 
can be applied to practice. The best 
way to do this is to state the film blacken- 
ing rate. For example from the scatter- 
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box experiment, it can be stated that 
scatter produced a blackening of 0.6 
density units per hour from brick,0.3 
density units per hour from steel, 0.15 
from wood, and 0.07 from lead. 

The results of the ‘‘close surface” ex- 
periments are given in Table III. 

The intensity of the wall scatter will 
depend greatly on the size of enclosure. 
A very small room will be worse for 
radiography than a large one. To ob- 
tain some measurements of this effect, 
several sizes of brick scatter boxes were 
tested. A box 2 by 2 by 2 ft. produced 
0.3 density units per hour, and a room 
25 by 25 by 18 ft. produced only 0.02. 
The actual values of the scatter blacken- 
ing rates quoted above apply only to the 
local conditions under which they were 
made. However, the lead pyramid ar- 


rangement that was used for them is very 
convenient for testing the local intensity 
of scatter in any field inspection. 


THE CASSETTE 


The problem of designing a suitable 
cassette for radium radiography is largely 
a matter of deciding the thickness of the 
lead screens. Ordinary fluorescent 
screens can be used only for low-sensi- 
tivity work because they are much more 
sensitive to secondary radiation than to 
primary gamma rays and their filtering 
effect is quite inadequate. 

Experiments were made to test the de- 
pendence on screen thickness of the in- 
tensification of the image, the sharpness 
of the image, and the reduction in for- 
ward and back scatter. 

In order to separate the first and third 
of these factors, the lead pyramid was set 
up on the laboratory roof with a film in 
position B and facing the sky. Film 
were exposed with a back screen made of 
a strip of cardboard in contact with one 
part of the film and strips of antimeny 
lead foil in contact with other parts. 
The densities obtained showed that 
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0.009-in. lead back screen is thick enough 
to give full intensification. Similar ex- 
periments showed that a 0.009-in. lead 
front screen also was thick enough to give 
full intensification. 

To study the dependence of image 
definition on lead screen thickness,. a 
plate containing fine slits was radio- 
graphed with films between pairs of lead 
screens 0.003, 0.006, 0.012, 0.021, and 
0.40-in. thick. These films were ex- 
amined visually and also microphotom- 
etered. No decrease in image sharp- 
ness with screen thickness was found for 
the film that was used. 

The front lead screen improves radio- 
graphs by preferential absorption of 


TABLE IV.—ABSORPTION OF BRICK SCATTER BY 
LEAD SCREENS. 


Blackening Rate, 


Screen Thickness density units per hr. 


(Front and 
Back), in. 


Film position B | Film position F 


0.25 
0.10 


forward scattered radiation, some of 
which is considerably softer than the 
primary gamma rays and some of which 
has to pass through the screen at an ob- 
tuse angle. The back screen absorbs 
some of the back scatter from the walls. 
In both cases, it is desirable to increase 
the absorption by using very thick lead 
screens. 
of each lead sheet of about 0.020 in. is 
necessary to give the flexibility required 
to maintain close contact between the 


An upper limit to the thickness _ 


screen and the film, but thicker screens __ 


may be made of several layers. Also 
very thick screens would allow an under- 


cutting by secondary radiation from the © 


lead at the edges-of the image of thick 
subjects in the manner fully demon- 


strated for 200-kv. X-rays by Seemann | 


(3). 
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good way of measuring the efficiency of 
different thicknesses of lead screen. 
Table IV presents some _ interesting 


results. A compromise screen thickness 


Slit Width 
0.020 in. 


0.005 in. 


0.010 in. 


When no part of the intense direct 
beam passes through the cassette, scatter 
from the cassette material is unim- 
portant. When this is the case and the 


- 


0.040 in. 


0.080 in. 


of red in. has proved to be suitable for 
general use with thick castings. Under 
conditions where scatter absorption is 
relatively unimportant, thinner screens 
are more generally used because of their 
cheapness and flexibility. 


Direct film, fine grain. 
Fic. 8.—Sensitivity and Grain Size. _ 


ol 

ul 
exposures are very long, it is good prac- 
tice to reduce back scatter by adding a 
heavy (}{ to 1-in.) lead screen im- 
mediately behind the cassette. 

PHOTOGRAPHIC EQUIPMENT 
In radium remography w with lead in- 


| ter 
4 
ab 
av: 
| 
gre 
of 
siz 
rac 
lat 
Screen film, medium grain. 
Direct film, coarse grain. 
O99) 
{ 
| 


tensifying screens, certain readily avail- 
able direct-exposure films give the greatest 
available speed, contrast, and radio- 
graphic range. The only disadvantage 
of these films is the rather large grain 
size which is visible when viewing the 
radiographs. 

In radium radiography of castings the 
lateral size of most of the cavities is too 
great for the film grain size to have any 
marked effect, but in the examination of 
welds and forgings some defects give 
images that are considerably more 
legible on fine-grain film. Figure 8. 
presents three photometer traces made 
with a very fast film developed in Ko- 
dalk* and with an ordinary film and a 


‘ The authors were under the mistaken impression that 
the choice of developer was important. A report of ex- 
tensive ag eg work from the laboratories of Triplett 
& Barton, Inc., included results demonstrating that the 
grain size was not much affected by the type of devel- 
oper used. 


fine-grain film developed in standard 
developer. The oscillations in back- 
ground density and the obvious superior- 


ity of fine-grained film for narrow images 


show that the grain size differences are 
not eliminated by the spread of the in- 
tensifying electrons from the lead screens. 
Both photometry and visual inspection 
show only a slight disadvantage in the use 


_of fast coarse-grained film for registering 


images widths of 0.040 in. or more. 

In radium radiography it is desirable 
to make the most of the gain in speed ob- 
tained with a long developing time and 
the gain in contrast obtained with high 
film density: For both these purposes 
agitation of the films or circulation of the 
developing solution is an advantage. 
For the latter purpose the need for high 
intensity illumination already has been 
stressed by several authors (4,5) 
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Mr. C. A. Apams.'—Is the unit density 
mentioned in the paper a normal density? 

Mr. L. W. Bati.2—In radium work 
we usually aim at a density of about 
2.0 to 3.5. The blackening rate, ex- 
pressed in density units per hour, is used 
to calculate the exposure. 

Mr. Don M. McCurtcueon.*—The 
author mentioned the intensification with 
about 0.009 in. of lead. From what 
thickness of lead do you think the in- 
tensification of the electrons would come? 

Mr. Bati.—We have measured the 
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DISCUSSION 


intensification produced by various 
thicknesses of lead. If the speed with no 
lead screen is unity, with 0.001 in. of lead 
our speed goes up to 1.6. With 0.002 
in. of lead our speed goes up to 1.9; with 
0.003 in. it is up to about 2.1, and when 
you get up to 0.009 in. the speed is 2.5, 
and from then on there is no increase. 
If you have lead 1 ft. thick, the speed 
will still be 2.5. 

I mentioned the description of electron 
intensification in a paper by Mr. Doan.‘ 
The limiting of intensification to the 
surface layer is not, of course, because the 
gamma rays do not get into the lead; it is 
because the electrons cannot get out. 
The same principle applies to scatter. 


E. Doan, ““Gamma-Ray eran. Testing, 
pie Franklin Inst., Vol. 216, p. 183 (1933 ad 
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been investigated. In routine radiography, it is possible to obtain satis- 
eed factory results with a single calibration curve, at all voltages between 125-kv. 

and 200-kv., for any specimen material, and for filtered as well as unfiltered 
ron radiation. The receiving element of the exposure meter is a Geiger-Muller 
counter designed to permit accurate intensity determinations in a few seconds, 
the with the measured beam of radiation limited to a pencil of X-rays, } in. in | 
the diameter. The use of a small aperture on the counter permits the scanning _ 
of portions of castings of nonuniform thickness to determine an optimum 


AN EXPOSURE METER FOR X-RAY RADIOGRAPHY! 
RSs 
| By HERBERT FRIEDMAN? AND ARTHUR L. CHRISTENSON? 
ead a | 
An X-ray exposure meter has been developed for use with a 220-kv. X-ray 
‘ith | radiographic installation at the Naval Research Laboratory. For given 
wa brands of film and intensifying screens, the meter may be calibrated to indicate cane | a 
> 5 the exposure times required for any desired film blackening. The dependence his 
the of this calibration on kilovoltage, specimen material, and filter technique has j : 
ise. 


ode kilovoltage and “suitable filter technique for radiographing. Since the 
ut counter is placed close to the film position, the meter indications are inde- 
ter. pendent of variations in the source-to-film distance. 


aye 


* 


It is essential for the proper interpre- 
tation of radiographs that the photo- 
graphic density fall within certain limits. 
The general practice among radiogra- 
phers is to determine exposure times 
from standard technique charts for X-ray 
radiography and from the gamma-ray 
slide rule when using radium. A given 
technique chart is applicable only to a 
single source-to-film distance, one type 
of specimen material, and a particular 
filter thickness. For every variation in 
these three factors, a new technique 
chart is required. The great dependence 
of X-ray absorption on the voltage ap- 
plied to the tube and on the thickness, 
density, and atomic number of the 


1 Published by permission of the Navy Dept. 
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specimen material, makes it difficult for s 


the radiographer to select proper ex- 


posures with the meager data ordinarily | 


available from technique charts. An 
X-ray exposure meter has therefore been 
designed which enables the radiographer 
to determine the correct exposure almost 
independently of these variables. 


DESIGN OF EXPOSURE Meren 


shown in Fig. 1 is the sensitive element of 
the X-ray exposure meter. The com- 


mon form of G-M counter is simply a 


cylindrical cathode and a centered anode 
wire, enclosed in a glass envelope. 
mally, the tube is filled with a fraction of 
an atmosphere of a suitable gas, or mix- 
ture of gases, anda potential difference of 
the order of 1000 v. is applied to the 
electrodes. To operate the tube as a 
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G-M counter, the voltage is set to a value 
somewhat less than is necessary to main- 
tain a self-sustained discharge between 
the electrodes. All that is then.required 
to trigger a momentary discharge is the 
passage of some ionizing radiation 
through the counter. By proper con- 


the meter have a period of only a small 
fraction of the required radiographic 
exposure time, while remaining accurate 
to within a few per cent. Simple 
counters were unable to meet these 
requirements unless undesirably large 
apertures were permitted. 


ahh, 


Fic. 1,—Counters for X-ray Exposure Meter. supind 


struction of the counter and its asso- Only a small fraction of the intensity 


ciated circuit, a discharge triggered by 
the absorption of a quantum of radiation 
may be quenched very quickly. To 
determine the intensity of radiation 
entering the counter, one measures the 
number of discharge pulses produced 
per unit time. 

In designing an exposure meter for 


X-ray radiography, it desired d that 


of high-voltage X-rays and gamma rays 
is absorbed in the gaseous volume of a 
counter. The counter discharges are 
triggered by electrons released from the 
metal cathode by Compton scattering 
of the primary X-rays or gamma rays. 
The efficiency of this process is of the 
order of one electron ejected from the 
cathode; wall per hundred incident 
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gamma ray quanta, in a counter with a 
smooth-surfaced cathode. In radiogra- 
phy with gamma radiation and lead 
intensifying screens, somewhere between 
10° and 10° quanta per square centimeter 
are required to produce good film black- 
ening. A simple counter may measure 
the above energy with an error of only 
(0.1 per cent in 1 sec. if its aperture is 
1 sq. cm. However, for X-ray radi- 
ography in the region of 200 kv., the 
employment of chemical intensifying 
screens, such as calcium tungstate, de- 


creases the duration of photographic ° 


exposures to such an extent that a simple 
counter of small aperture becomes rela- 
tively too insensitive for use in the 
exposure meter. To obtain the desired 
sensitivity while keeping the diameter 
of the measured beam of radiation small, 
the counter of Fig. 1 (6) was designed. 
This counter has worked satisfactorily 
with an aperture of only } in. in diameter. 

The counter is essentially a block of 
ten small counters connected in parallel. 
Brass-mesh cylinders, mounted in a 
duralumin block, form the cathodes. 
The anode wires are tungsten, 5 mils 
thick, and are held taut by springs. The 
guides that center the wires are sup- 
ported by glass insulators. An alterna- 
tive construction, Fig. 1 (a), employs 
punched mica disks for centering the 
wires, and glass capillary tubing for 
spacing the springs and leads of the wire 
system from the cathode block. Such 
tubes are more easily built than that 
shown in Fig. 1 (6). 

The substitution of 100-mesh cathodes 
for the smooth-wall type has been found 
to double approximately the counter 
efficiency. Since the efficiency of ab- 
sorption of hard radiation in the counter 
cylinder is so low, it is obvious that ten 
cylinders in the path of the radiation will 


D. Evansand R.A. Muge' - 
Ray Counters,’’ Review of Scienti; 
441 (1936), 
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absorb almost ten times as much as one 
cylinder. The combined use of mesh 
and a multicylinder arrangement gives a 
counter that has the requisite speed of 
response and accuracy for the X-ray 
exposure meter. 

When working with no-screen (direct- 
exposure) film, a multiple counter is 
much more sensitive than is necessary. 
The sensitivity may be reduced by 
further limiting the aperture and by 
providing a means for cutting out all 
but one or two of the cylinders as in 
Fig. 1 (a). 


nm 
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Fic. 2.—Response Curve of Multivibrator 
Circuit for Random Pulses. 


A multivibrator circuit was chosen to 
amplify and equalize the counter pulses. 
The uniform pulses from the multi- 
vibrator are fed to the grid of a pentode, 
that is biased to cut-off. The plate 
current flow resulting from these pulses 
is smoothed by a condenser and indicated 
by a microammeter. Three type 6SJ7 
tubes are used, two in the multivibrator 
and one for the output tube. Stabilized 
B voltage is secured by means of two 
VR-150 tubes. High voltage for the 
counter is obtained from a 3000-v. neon 
sign transformer used with a stabilizer 
of the “‘degenerate stabilizer controlled 
amplifier’ type‘ utilizing type 811 and 
802 transmitting tubes. 


4F. V. Hunt and R. W. Hickman, “On Electronic 
Voltage Stabilizers,”’ 
Vol. 10, p. 6 (1939). 
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The response of the intensity meter 
is shown in Fig. 2. The multivibrator 
circuit was designed for a resolving power 
of about 2000 pulses per second, sufficient 
to handle the intensities being measured. 
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Fic. 5.—Dependence of Film Blackening on 
Thickness of Steel, for Various Exposures. 


Figure 3 shows an arrangement in 
which the counter rests in a lead jug 
under the specimen table. The jug is 
covered by a lead cap, 1-in. thick with a 
}-in. hole drilled down its center, to 


3.0 


define the aperture. Specimens to be 
radiographed are supported on the mask 
above the counter and the position of 
the counter aperture with respect to the 
specimen surface is indicated by an arm 
of brass tubing extending out from under 
the table and back over the top of the 
specimen. The jug, which is mounted on 
a dolly, can be moved about freely to 
permit exposure determinations through 
any portion of a casting of nonuniform 
thickness. The chassis seen under the 
table is similar to the circuit described 
above. The output meter is located on 
the control panel of the X-ray apparatus 
in an adjoining room. 

For operation with a horizontal beam, 
the apparatus shown in Fig. 4 was built 
on a base equipped with casters, and 
designed to permit up and down, and 
tilting motions of the counter unit. 
The high-voltage.and B supplies for the 
counter and multivibrator are contained 
in the cabinet at the right and the multi- 
vibrator unit itself is located in the box 
attached to the rear of the lead cylinder. 
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CALIBRATION 

The calibration of the X-ray exposure 
meter was carried out in the following 
manner. A steel test block was em- 
ployed, composed of steps of graded 
thickness, each step 3 in. wide and ¢ in. 
higher than the preceding step. This 


block was radiographed with exposures 
of 100, 200, 300, 400, and 600 mas., at 
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exposure, approximately straight-line 
curves, of the type shown in Fig. 6, are 
obtained. This is the form of the stand- 
ard technique’ chart generally used. 
Next with the counter in its position 
below the film holder and with the X-ray 
tube at the same height as it was when 
the radiographs were taken, indications 
of the output meter were observed for the 
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» 
voltages of 125, 150, 175, and 200 kv. 
The radiographs exhibited a stepwise 
variation in blackening and the density of 
each step was measured with a densitom- 
eter. The results of the five exposures 
taken at a given kilovoltage are shown 
in Fig. 5. Families of S-shape curves, 
spaced logarithmically with respect to 
each other, were obtained. By plotting 
abscissae corresponding to a _ given 
density against the logarithm of the 
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Microomperes 
Fic. 8.—Calibration Curves for X-ray Exposure. Meter. shel ti 
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range of steel thicknesses generally cov- 
ered at the five kilovoltages, Fig. 7.5 
Finally, the meter indications through - 
various steel thicknesses were plotted 
against the corresponding exposure times 
required to produce 0.8 density. The me 
curves obtained at 125, 150, 175, and 200 ee 
kv. are drawn, in Fig. 8, in the form of a ae 


5 The nonlogarithmic shapes of the curves may be 
understood from the calibration curve of Fig. 2. At zero 
steel thickness the curves reach the maximum counting 
rate of the multivibrator circuit. 
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band. This is the calibration curve of 
the exposure meter for the particular 


type of film used. 


DISCUSSION OF DATA 


From the material presented, it is 
immediately apparent that there are 
many advantages to be gained by use of 
the exposure meter in routine industrial 
and in research radiography. The ad- 
vantages may be summarized as follows: 

1. From Fig. 6 it may be seen that, 
for example, at 1} in. of steel, a change 
from 175 kv. to 200 kv. requires a change 
of about 400 mas. to maintain a density 
of 0.8. On the other hand, the exposure 
meter indications, Fig. 8 are, for practical 
purposes, independent of the voltage. 
For example, 127 microamperes on the 
meter erengents to an average ex- 
posure of 300 + 25 mas. for any voltage 
from 125 kv. to 200 kv. (It should be 
remembered that the four points at any 
given exposure, Fig. 8, correspond to 
widely different steel thicknesses.) 

The variation of the exposure meter 
indication for a given density is negligi- 
ble for practical purposes in the range 
from 125 to 200 kv. 

The use of a lead filter, Fig. 8, 
shifts the calibration curve to higher 
counting rates. This is due to a change 
in the wave length distribution of the 
radiation, passing through the filter. 
The softer radiation, which is most 
efficient in blackening the film, is very 
effectively absorbed by the lead. For 
corresponding exposures, the no-filter 
curve is separated from the 30-mils 
lead filter curve by what amounts to 
about 0.4 in density units. Calibration 
curves for materials such as copper and 
brass fall between curves A and B of 
Fig. 8, and do not differ much from those 
for steel. For general radiography a 


single average calibration curve may be 
drawn that will assure a density between 
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0.7 and 1.2 for any material and for any 
kilovoltage. 

3. Since the meter is read with the 
counter always at the film position, 
proper exposure is indicated for any 
geometry of the radiographic set-up. 

4. The small aperture of the counter 
adapts it to scanning portions of a 
specimen where the thickness is not 
uniform. The meter indications may 
then be interpreted to tell whether a 
single exposure will prove satisfactory, 
whether use of a filter is called for, or 
whether more than one exposure is 
necessary. 

5. At every appearance of an im- 
proved film on the market, new tech- 
nique charts must be established for all 
voltages, source to film distances, and 
filter thicknesses, but the exposure meter 
need be recalibrated at only one kilo- 
voltage and one source-to-film distance. 
High-voltage X-ray equipment is rapidly 
coming into widespread use, and only 
very meager technique chart data are 
available for the many new high-voltage 
radiographic outfits being installed in 
plants engaged in war production. The 
exposure meter may be applied to higher- 
voltage apparatus as well as to the 
?20-kv. installation used et 


CONCLUSION 


The value of a simply operated ex- 
posure meter for X-ray radiography is 
apparent to any radiographer. In the 
rush of wartime work, radiographs of 
poor density are being accepted because 
of the expense of film and time. The 
efficiency of the X-ray exposure meter 
described in this paper has been proven 
in daily use at the Naval Research 
laboratory, both in routine inspection 
and in research. In a recent problem, 
it was required to radiograph fifty steel 
plates of different thicknesses and obtain 
uniform density in all the radiographs. 
By employing the exposure meter, a set 
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of radiographs was obtained of which 
only two deviated by as much as 5 per 
cent from the desired 0.8 density. 

The material of this paper has been 
confined to a description of the X-ray 
exposure meter. In gamma radiography 
the problem is much simpler, since the 
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radiation. Figure 9 shows a gamma-ray 
exposure meter designed so that the 
sensitive element, a simple counter, may 
be held against the film holder while the 
correct exposure is read from the milliam- 
meter. This may be done after the 
exposure has been started. The counter 


Fic. 9.—Exposure Meter for Gamma-ray Radiography. 


wave length distribution of radiation 
emitted by the source does not vary. 
The gamma-ray slide rule has proven 
satisfactory so long as the thickness of 
specimen material is accurately known. 
However, when castings of complicated 
structure are radiographed, it becomes 
difficult to correctly estimate the thick- 
ness of material in the path of the 


is sufficiently small so that all portions 
of the film holder may be scanned to 
determine the over-all best exposure for 
specimens of varying thickness. 

The X-ray exposure meter circuit is 
designed for 110-v. a-c. operation. The 
gamma-ray meter circuit can be built 


for battery operation to facilitate its _ 


use in the field. 
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Mr. H. H. Lester.'—Will you elab- 
orate on the application of this device 
in practical radiography? How can I 
use it, for instance, to radiograph a 
steel plate? 

Mr. HERBERT FRIEDMAN.?—This par- 
ticular meter has been designed for use 
with 220-kv. equipment, and we have 
adjusted its sensitivity to cover the 
range of steel thicknesses generally 
radiographed with such apparatus. All 
that is necessary is to place the specimen 
on the specimen table, choose the kilo- 
voltage, and set for a given milliamper- 
age. Then energize the X-ray outfit 


and observe the exposure meter indi- 


cator. From the calibration curve, you 
immediately obtain the exposure neces- 
sary for the desired density. 

Mr. Lester.—Would it not be simpler 
to take a couple of trial exposures? 

Mr. FriEDMAN.—That would require 
that you process the film after each 
exposure. Let us assume this would 
take about 10 to 15 min. If you then 
find your estimated exposure was not 
sufficiently close, further trials are neces- 
sary. With the exposure meter, you 
have an exact determination and conse- 
quently a successful exposure on every 
attempt. 

If the radiographer is at all uncertain 
of his estimated exposures, he must 
process each film directly following its 
exposure. With the meter, a large num- 
ber of specimens may be radiographed; 


- 1 Principal Physicist, Watertown Arsenal, Watertown, 
ass. 

? Associate Division of Physical 
Naval Research boratory, Anacostia Station, Was 
ington, D. C. 
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and then all the film may be processed 
at once. 

Mr. C. A. Apams.*—For how high 
voltage equipment can this outfit be 
built? 

Mr. FRIEDMAN.—We have not yet 
had an opportunity to try it on anything 
like million-volt equipment, but we are 
planning to build exposure meters for 
such outfits. The type of counter re- 
ported in this paper will have to be 
modified since it is designed for radiogra- 
phy using film with intensifying screens, 
and has to be extremely sensitive to 
match the shortness of the exposure 
times. With no-screen film the inten- 
sity required to blacken the film is so 
much greater that a very simple type of 
counter can be used and still give the 
required speed of response on the meter. 

Mr. L. W. Batv.*—I should like to 
make two suggestions. I think several 
of us will question the need for the ap- 
paratus for the purpose you have sug- 
gested. We can predict the exposure 
sufficiently accurately for ordinary work, 
although if we were using a density of 
0.8 we would have to be rather more 
concerned. 

These are the two suggestions. First, 
when you are working with radon you 
are much more likely to have an un- 
known exposure, and I think your meter 
would be of value to anyone who is work- 
ing with radon. 

Secondly, if you were working with 


* Professor of Engineering, Emeritus, Harvard Uni- 
versity, Cambridge, Mass.; and Consulting Engineer, 
Edward G. Budd Manufacturing Co., Philadelphia, Pa. 

* Research Physicist, Triplett & Barton, Inc., Burbank, 
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photographic papers instead of film the 
latitude is very, very much less, and the 
usefulness of your instrument would be 
very much greater. 

Mr. FrRIEDMAN.—We have been de- 
signing a meter for radon, or possibly 
radio-yttrium, which has a still shorter 
half life. If an exposure meter is avail- 
able for use with these sources it is not 
necessary to know how far the source has 
decayed. A meter for these hard radia- 
tions is fairly simple to construct. 

Mr. Otto ZMESKAL.*—Mr. Friedman 
has no doubt made measurements of the 
sensitivity of defect detection? 

Mr. FRIEDMAN.—In one of the curves 
shown, you may have seen that a thick- 
ness change of the order of 1 per cent at 
125 kv. produces almost a 100 per cent 
change in the meter indication. It would 
be difficult to miss a 1 per cent change in 
effective thickness in scanning, with a 
}-in. aperture. The sensitivity of the 
counter in measuring effective thickness 
is better than that of any other known 
device. It far exceeds that of a photo- 
graphic film. We have been working 
on the problem of developing Geiger- 
Muller counter devices for use with 
radium or with X-rays in inspection. 

5 Assistant Professor of oe Illinois Institute 
of Technology, Chicago, IIl. visor 


The counter is very effective where you 
have a problem of measuring effective 
wall thickness or some general, extensive 
porosity. It fails where you have a fine 
crack or a cavity whose diameter meas- 
ures much less than the aperture of the 
counter. 

Mr. ALEXANDER Gosus? (by letter).— 
The development of a device of such 
sensitivity as to act as an exposure meter 
for radium radiography is of utmost 
importance. Mr. Friedman indicated 
in verbal discussion that he had such a 
project under way and that preliminary 
tests were satisfactory. 

One very important use would be in 
the radiography of piping and large 
cylinders. 

It should enable one to scan the entire 
circumference of the object. This would 
show if the capsule were centered. If 
the operator had other positive means 
of centering, then differences in wall 
thickness would be indicated and the 
radium so moved as to give a uniform 
reading around the entire object. 


Thus, through the elimination of den- 


sity differences, now not a positive 
accomplishment, radiographers every- 
where should benefit. 


_ §Chief Metallurgist, Lucius Pitkin, Inc., New York, 
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A STUDY OF CASSETTE DESIGN FOR THE RADIOGRAPHY OF 
AIRCRAFT CASTINGS 


The apparatus commonly used for 
radiographing aircraft castings and forg- 
ings was inherited from medical diag- 
nostic radiography. One part of this 
inheritance was a cassette design con- 
sisting of bakelite, felt, fluorescent 
screens, and a brass frame. Such a 
design is most unsuitable for aircraft 
radiography. This fact probably has 
been realized by the many industrial 
radiographers who have been using 
aluminum front cassettes, but present 
restrictions on supplies may re-introduce 
objectionable bakelite fronts or other 
detrimental arrangements in homemade 
cassettes. 

The features that are essential to a 
well-designed cassette are partly me- 
chanical and partly concerned with scat- 
tered X-radiation. 

The purpose of this paper is to provide 
a systematic demonstration of the fea- 
tures that are essential to prevent scat- 
tered radiation from the cassette material 
from spoiling radiographs. 


SCREEN Fitm CASSETTE DESIGN 


Because it is necessary to provide for 
very close contact between the screens 
and the film, a frame with a rigid 
periphery is essential. This periphery 
should be constructed from material that 
is relatively opaque to X-rays. If bake- 
lite or any other radiographical trans- 
parent material is used, sideways trans- 
mitted scatter will fog the edge of the 


1 Research Physicist, Triplett & Barton, Inc., Burbank, 
Calif. Formerly with the National Research Council of 


film. Figure 1(a@) shows an experimental 
arrangement devised to demonstrate this 
factor. One exposure was made with a 
bakelite bar representing a section of the 
cassette periphery and another with a 
brass bar. The results could be com- 
pared by visual examination of the 
sensitivity at the edge of the image of the 
slotted penetrameter block. However, 
reproduction of radiographs alters the 
apparent sensitivity so greatly that 
photometer curves provide a preferable 
means of illustration. Figure 1(6) shows 
photometer traces made across the 15, 
10, and 5 per cent slots at } and 1 in. 
from the edge of the cassette. The fog 
from the bakelite reduces the sensitivity 
at } in. five times, and at 1 in. twice. 
No fog was observed from the brass. 

The exposures used in this and several 
subsequent experiments were the normal 
exposures for penetrating 1 in. of 
duralumin. At the same kilovoltage, 
100 times the exposure would be required 
topenetrate each extra inch of duralumin; 
that is, at the same kilovoltage the loss 
in sensitivity would be one hundred times 
greater for 2 in. of duralumin, 10,000 
times greater for 3 in., and so on. 

The materials forming the front part 
of the cassette and producing forward 
transmitted scatter, and the materials 
forming the back part of the cassette and 
producing back scatter, may be consid- 
ered separately. In each case, scattering 
of the intense primary beam by the 
cassette material will be concentrated at 
the edges of any image, and its effect \ w ill 
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be to give a lower sensitivity at } in. 
than at 1 in. from the edge. 

By combining a back lead screen and 
immediate contact between a penetram- 
eter and the film, we have what may 
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tion of } in. of felt increases this loss to 
six times. 

The arrangement of Fig. 2(c) is one 
likely to be used in homemade cassettes. 
It should be rigorously suppressed for use 


rig} be called a ‘‘no cassette scatter” arrange- in the radiography of aircraft castings = 
haw ment. With this arrangement the sensi- or forgings. 
inal tivity at } in. from the edge is equal to Two methods of reducing the forward 
aaa the sensitivity at 1 in. from the edge. transmitted scatter from the cassette 
ha Slotted Block 
the _--Bokelite 
ver, 
the 
that ~~ Fe/t 
lOWS 
15, 
| in. 
a 
lired 0.5 4 Bokelite Periphery Bross Periphery 
loss (6) Photometer Traces. 
imes Fic. 1.—Scatter from Cassette Periphery. 
The experimental arrangements shown front should be incorporated in a good iy. 


in Fig. 2 gave the results shown in the 
corresponding photometer curves. Fig- 
ure 2(a) shows that the screen material 
produces negligible scatter with an ex- 
posure penetrating 1 in. of duralumin. 
Figure 2(b) shows that the § in. bakelite 
causes a three times loss in sensitivity at 
i in., and Fig. 2(c) shows that raising the 
bakelite from the film by the introduc- 


cassette design. First, the scattering 
material should be brought as neartothe =—> 
film as possible (compare Fig. 2(b) with ime" 
(c)). This requires a thin front screen 
plus complete elimination of the felt or 
other material between the front and the 
screen. 

Secondly, thin sheet metal should be 
substitu r the bakelite. 
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experiments have shown that aluminum 


produces roughly the same amount of 
forward transmitted scatter as the same 
weight of bakelite.* But an aluminum 


aA 


¥ 


deat 
alloy cassette front using the stretched- 
skin type of construction need be only 
one-third as heavy as bakelite. The 
advantage of the reduction in the weight 
of the scattering material and the closer 
approach to the film make thin alum- 


r to bakelite. 
fronts much be 


Fic. 2.—Screen Film—Forward Scatter. 


_ 2L.W. Ball, “A Study of Secondary Radiation in Rela- 
tion to the Radiography of Aircraft Castings,””» ASTM 
Buttetin, No 115, March, 1942, p. 27 
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a Steel 0.005 to 0.010 in. thick is satis- Figure 4(a) illustrates a cassette de- 
factory if suitable methods of fabrication signed for minimum forward scatter. 
are available. _._. The corresponding photometer curves 

When these features are embodied in show that the sensitivity at } in. from 
the cassette design, forward Scattering the edge is still three times less than at 
from the cassette material is not ap- 4 i, for the normal exposure used to 
preciable with the normal exposure for : ; 

‘ : ; penetrate 3 in. of duralumin. 

rr penetrating 1 in. of duralumin. To Back f h ‘al 

5% provide testing conditions equivalent to - scatter rom the cassette materia 
the most severe ones occurring in normal ehind the film produces results very 
aircraft radiography, a slotted block ‘Similar to those for forward scatter if 
penetrameter 3 in. thick was used. the same materials are used. But na 

= Before measuring the effect of X-ray the radiography of light alloy castings, it 

— scatter with this penetrameter, the ex- _ is neither desirable nor practicable to use 
perimental arrangement shown in Fig. 3 a cassette back that transmits X-rays. 
was devised to measure the effect of light A good cassette design places opaque 

5 ‘ 

/ntense 

— Black = 

halation. In one exposure actinic light material as near as possible to the back 
produced by that part of the fluorescent of the film. 

a screen exposed to the intense direct Three experimental arrangements for 
X-rays might have spread into the image testing back scatter together with the 
of the penetrameter. In another ex- results are shown in Fig.4. Comparison 
posure, made with the black paper of these photometer curves demonstrates 

e threaded right through the film and the the advantage of closing the gap between 
screen, light halation could not occur. the film and the opaque material 


Photometer curves obtained in this 
experiment proved that at } in. from the 


1ed- edge of the intense light a slight decrease 
mnily in sensitivity due to light halation could 
The occur. This deterioration was negligible 
ight when the contact between the fluorescent 
ser screen and the film was perfect, but with 
um- a relatively low pressure a decrease of 
lite. 30 per cent was recorded. 


behind it. 


Drrect-ExPoOSURE Firm CASSETTE 


DESIGN 


A series of experimental tests using 
direct-exposure film were made with the 
arrangements, and the results shown in 
Fig. 5 
Comparison b between Fig. 5 (a) and (0) 
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Zz in. from Edge 


in. from 
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(a) Opaque material in contact. 


0 4 


(6) Gpaque material close to film. 


a 
2.5 


2.0 - 


4 in. from Edge 


a 
in. from Edge 
io 
Opaque material away from film. ay 


shows that bad forward 


transmitted 
scatter conditions reduced the sensitivity 
two times at } in. from the unblocked 
edge. This decrease in sensitivity 
less than for the same conditions with 


‘Fic. 4.—Screen Film—Back Scatter. 


Pat? 


sscreen film because the emulsion con- 


trast of this film increases considerably 


with 


increasing density. 


The effect of the 0.003 in. thick front 


lead 


Fig. 5(c) was to restore the sensi- 
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or 


Paper En ve/ope 
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i 
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and in. from Edge 
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Drop due to edge deficiency in 
forward scatter from block 


g in. Bokeliftee 3.5 - 


\ 
in. Felt 


Z in. from Edge 


/ in. from Edge 


Nga 


should be eliminated 


(c) oe ard scatter with front lead screen. 
Fic. 5.—Direct Exposure Film—Forward Scatter. 


thick lead screen. 


0.5 - 


4 and | in. from Edge 
(Coincident) 


tivity to 0.9 times that of the “no cas- 
sette scatter” arrangement. 
With direct film, cassette back scatter 


completely by a 
About 0.018 in. 


sis 


of lead provides a suitable flexibility for 
mounting on cardboard in the manner 
described by Tobey and Seemann? An 


3R. G. Tobey and H. E. Seemann, “Mounting Lead 
Radiographic Screens,”’ Metals and Alloys, July, 
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extra 0.003 in. of antimony lead in the 


form of a cover provides a convenient 
hard surface for cleaning and for replace- 
ment, if damaged. 

_ The experiment illustrated by Fig. 6 
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to a minimum. To provide a very — 


severe test for this cassette, a slotted 
block penetrameter 4 in. thick was 
radiographed; cassette scatter was quite 
negligible. 


Enve/ope Film 
‘ 


4 in. 
Bokelite 


4 in. from Edge 


from Edge 


Zin. / 


Bokelite 


ad, 


(Coinciden t) 


Film 


0.021 in. 
Lead 


Bross Pressure 
Plate 


\ 
Slide Bar 
Clamp 


Brass Angle 
Periphery 


Fic. 7,—National Research Laboratory Cassette Arranged for Direct Exposure Film. 


was made to demonstrate that a 0.021-in. 
back lead screen prevents even the worst 
back-scattering material* from spoiling 
the film. 
The »rrangement illustrated by Fig. 7 
in’ esall the features by which scatter 
in the cassette material can be reduced 


RELATION OF CASSETTE 
RADIOGRAPHIC PRACTICE 


A radiographer has to consider cassette 
design in relation to two important 
duties: First in the selection and pur- 
chase of his equipment, and second in the 


‘ 
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Fic. 6.—Direct Exposure Film—Back Scatter. 
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selection of calibration techniques that be made with a narrow slit penetrameter, 
are suitable for each class of work in and a check on screen contact can be 
which he is engaged. made with the wire-mesh test. Com- 
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Fic. 8.—Relation of Cassette Design to Casting Scatter Group. 


Different cassettes, together with their parative tests of the degree to which 
screens, can be compared for speed, sensi- scattered X-rays will spoil the sensitivity 


tivity, and by few 4L. W. Ball, “Technique and Organization in the 


radiographs of a slotted wedge penetram- _ Radiography of Aircraft Castings,” Topical Discussion on 
Radiographic Testing of Airplane Components, issued in 


eter. Tests of resolving power Can _ mimeographed form by Am. Soc. Testing Mats. (1940) 
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at the edge of the radiographic image 


should be made by the slotted block and 
photometry method described in this 


paper. 


wits 


A” 


A’ 


- 


The choice of calibration exposures 
should be based primarily on a general 
consideration of scattered radiation. 
However, cassette design is an important 
part of this consideration. 

Figure 8 has been prepared to dem- 
onstrate the importance of using a 
cassette design suitable to the object that 
is being radiographed. Comparison of 
the three exposures in the first column 
shows that for well-blocked objects, the 
highest sensitivity is obtained by using 
two fluorescent screens. Comparison of 
the three exposures in the second column 
shows that for moderately blocked ob- 


SYMPOSIUM ON 


RADIOGRAPHY 


jects, the speed of the back fluorescent 
screen can be used to advantage, but a 
front fluorescent screen reduces the 
sensitivity at the edges. 

Comparison of the three exposures in 
the third column shows that a thick 
front lead screen is essential to even 
moderate reliability in the examination 
of badly blocked objects. 

In the past two years, progress in the 
casting and forging of complicated and 
previously built-up aircraft structural 
parts has placed many vital patterns in 
the badly blocked radiographic group. 
In some cases, cassettes that were satis- 
factory for the simpler types of aircraft 
parts should be replaced or rebuilt to 
eliminate the deleterious effects of scat- 


tered radiation that have been demon- 
strated in this paper. Pa 


| 


&: 


~ 


Mr. H. H. Lester.'—I should like to 
ask Mr. Ball how he would block a cy- 
lindrical casting, or something in the 
shape of a round cold-rolled bar. 

Mr. L. W. Bati.*—On the cylindrical 
bars we can expect trouble from cassette 
scatter at the edge because the intense 
direct radiation is passing by there, and 
we can expect a little trouble due to 
scatter from the periphery of the bar 
going into the center. If it is a simple 
light-alloy bar, we immerse it in carbon 
tetrachloride. If it was part of a com- 
plex pattern, then we would switch over 
to two lead screens and a higher voltage. 
We would sooner have 2 per cent sensi- 
tivity throughout the object than have 
} per cent sensitivity in one part and only 
5 per cent in another. 

Mr. HERMAN E. SEEMANN.*—In con- 
nection with cassette design, I presume 
it is well understood that the rigidity of 
the front and back plates is an important 


- 1 Principal Physicist, Watertown Arsenal, Watertown, 
ass. 


2 Research Physicist, Triplett & Barton, Inc., Burbank, 
— Formerly with the National Research Council of 
Canada. 

3 Physicist, Eastman Kodak Research Laboratories, 
Eastman Kodak Co., Rochester, N. Y. 
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factor in making satisfactory contact 
between screens and film. In connection 
with Mr. Ball’s paper I should like to 
raise the question as to whether he can, 
from the existing data, select a material 
which will keep the scatter to a minimum 
and still maintain the necessary rigidity. 
Different materials have different elastic 
constants, so different thicknesses would 
be required for the same rigidity. 

Mr. Bati.—If you are taking a plain 
sheet and screwing it down on a frame, 
then bakelite does have the tremendously 
attractive virtue of rigidity. If you 
take some soft aluminum foil, and screw 
it down there will not be sufficient rigid- 
ity to give good screen contact or to 
support the radiographic subject. If 
you can get a hard alloy and stretch it 
over the edges and rivet it like an air- 
plane wing, you can effectively increase 
the modulus of elasticity. We tried to 
conserve metals by using zinc sheets from 
a multigraph machine. They had a 
suitable filtration and low X-ray scatter, 
but the zinc was so soft that after a few 
days the cassette front was like an ocean 
wave. 
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EQU IVALENT PENE’ TRAMET ERS IN RADI 1G RAPHIC TES TING ‘ 


ALTE 


The possibility of using penetrameters next to the film, instead of nex 
to the source, in radiographing pipes is explored and the thickness of these 
penetrameters to make them equivalent to those used in the A.S.M.E. code 


is determined experimentally. 


Welded pipe joints are difficult to 
radiograph when the diameter is small 
because the penetrameter required by 
the A.S.M.E. Code? must be placed on 
the inside of the pipe. _ Cases have been 
known where a hole was cut into the 
pipe near the joint so that the penetram- 
eter could be inserted. The hole was 
later welded shut but not radiographed, 
making the whole procedure an apparent 
absurdity. 

In difficult cases of this kind a sub- 
stitute penetrameter might be used for 
the standard, the substitute being placed 
on the outside of the pipe next to the 
film. The dimensions of this substitute 
penetrameter would have to be such that 
it was equivalent, when placed on the 
outside of the pipe, to the standard 
penetrameter placed inside the pipe. 
The development of an “equivalent 
penetrameter” is the purpose of this 
study. Wall thicknesses of 1}, 13, and 
2 in. were used. Gamma rays only were 
available. Since they will not give the 
2 per cent sensitivity required by the 
A.S.M.E. Code at less than 1}-in. thick- 


1Gotshall Scholar in Metallurgy, and Professor of 
Metallurgy, respectively, Lehigh University, Bethle- 


hem, Pa. 
2“Unfired Pressure Vessels,’ A.S.M.E. Code, p. 58 
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nesses, thinner sections than 1} in. were 


not used. 


EXPERIMENTAL WORK 


The source of gamma radiation was a 
spherical duralumin capsule containing 
25 mg. of radium sulfate. The internal 
and external diameters of the capsule 
were 3.0 and 4.0 mm., respectively. 

The test specimens were made of mild 
steel blocks 14, 13, and 2 in. thick. 
Penetrameters as specified in the A.S. 
M.E. Code? were located on the surfaces 
of the specimens nearest the source. On 
the backs of the specimens adjacent to 
the films were located thinner penetram- 
eters containing the same size holes as 
the standard penetrameters but with 
thicknesses decreasing down to 0.003 in. 
Plate thicknesses, source-to-film dis- 
tances, and penetrameter sizes are listed 
n Tables I to VI. The source-to-film 
distances used correspond to vertex 
angles of approximately 1} and 1 deg.* 

The specimens were mounted on 
wooden stands and grouped around the 
source in the manner shown in Fig. 1. 
The front surfaces of the specimens were 

* Robert J Schier and yea E. Doan, “Precision 
Radiography—III,” see p 117 
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AND ON EQUIVALENT PENETRAMETERS 


TABLE I.—OBSERVED VISIBILITY OF EQUIVA- TABLE IV.—OBSERVED VISIBILITY OF eye 
LENT PENETRAMETERS AS COMPARED A LENT PENETRAMETERS AS COMPARED ie 


STANDARD PENETRAMETER. STANDARD PENETRAMETER 
Specimen thickness, 14 in. Film 3B. Source-to-film Specimen thickness, 1% in. Film 4A. Source-to-film 
distance, 9 in. distance, 1114 in. 
Visibility Index of P Visibility Index of i : 

Penetrameter Penetram- Penetrameter Holes Penetrameter | Penetrameter Holes 

Thickness, in. Losetion Thickness, in. | Location 

0.090 in.\0.120 in. 0.070 in.|0.105 in.j0.140 in. 
..... 4 4 4 
0.030 s¢ 4° 4 4 F* 6 6 6 
0.025 Fe 6 6 6 f .025 F 5 5 5 
0.020 F 5 5 5 0.020 F 4 4 4 
0.0142 F 3 4 4 0.0142 F 3 4 4 
0,010 F 2 3 3 oto F 2 2 3 
0.0075 F 0 1 2 -Y -0075..... F 0 2 2 
0.005 F 0 0 1 Tree ee F 0 0 0 
0.004 F 0 0 0 F 0 0 0 
0.003 F 0 0 0 — 0.003 ee F 0 0 0 


a “ Source and film surfaces, respectively. @ Source and film surfaces, respectively. ph’. Cs 

+’ Numbers indicate relative visibility, 1 and 6 being tae 

© Nearest drill sizes were used for holes. TABLE V.—OBSERVED VISIBILITY OF EQUIVA- 


LENT PENETRAMETERS AS COMPARED TO A 
STANDARD PENETRAMETER. 


TABLE I1.—OBSERVED VISIBILITY OF EQUIVA- 
LENT PENETRAMETERS AS COMPARED TO A 
re STANDARD PENETRAMETER. : 
] Specimen thickness, 114 in. Film 3A. Source-to-film Visibility Inde 
y index of 
distance, 1194 in. Penetrameter oh Penetrameter Holes 
Thickness, in. 
Penetrameter | Penetrameter Holes ON) in. 
ng 0.060 in.|0.090 in.|0.120 in. 6 6 6 
l 0.030 eg 4 4 4 F 5 5 5 
1a 0.025 Fe 5 5 5 F 3 3 =. 
ile 0.020 F 4 4 + F 0 1 2 
0.0142 F 3 3 4 F 0 0 oe - 
0.010 F 0 1 2 F 0 0 a 
, 0.0075 F 0 0 1 F 0 0 1 Va 
ild 0.005... F 0 0 0 F 0 0 1 as 
0.004 F 0 0 0 F 0 0 0 ‘ "4 
ck. 0.003 rb 0 0 0 
S - —_— @ Source and film surfaces, respectively. 
EY @ Source and film surfaces, respectively. 
ces TABLE VI.—OBSERVED VISIBILITY OF E ag A- 
On TABLE III.—OBSERVED VISIBILITY OF EQUIVA- LENT PENETRAMETERS AS COMPARED TO A 
LENT PENETRAMETERS AS COMPARED TO A STANDARD PENETRAMETER. 
to STANDARD PEN ETRAMETER. Specimen thickness, 2 in. Film 5A. Source-to-film 
m- Specimen thickness, 134 in. Film 4B. Source-to-film istance, 11% in. 
. isibility Index Penetrameter | 7 enetrameter Holes 
ith Penetrameter | Penetrameter Holes Thickness, in. | 
in. Thickness, in- | Location | 0.080 in.|0.120 in./0.160 in. 
lis- 0.070 in.|0.105 in.|0.140 in. 
ted <a s¢ 3 3 3 0.035....... F¢ 6 6 6 
. 6 6 6 F 6 6 6 
ilm 0.025 F 5 5 5 F 3 
| 0.020 F 4 4 4 = RePee F 0 3 
tex 0.0142 F 2 3 3  otonad F 0 1 ea5 - 
3 0.010 F 1 2 2 Soya MB 2503 F 0 0 1 
0.0075 F 0 1 0.0075... 0 0 
0.005 0 0 0 0 sll 
0.004 F 0 0 0 0.004....... F 0 0 0 
the 0.003 F 0 0 0 F 0 0 
1. @ Source and film surfaces, respectively. @ Source and film surfaces, respectively. 
‘ere 
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oriented perpendicular to the direction of 
propagation of the rays. 

The films were mounted in light-tight 
packs, each pack containing two films 
and three lead screens. A #§-in. lead 
sheet served to give rigidity to the pack 
and to eliminate back scatter. The 
packs were securely fastened to the backs 
of the specimens with rubber bands. 
Eastman’s Ultra Speed Duplitized Film 
was used, and exposure times were calcu- 
lated from charts given by Barrett, 
Gezelius, and Mehl.‘ 

Duplicate films were viewed superim- 
posed, and a visual examination of the 


Fic. 1.—Experimental Arrangement. 


image densities was made to determine 
the equivalent thicknesses of the sub- 


stitute penetrameters. 


RESULTS AND DISCUSSION 


. Tables I to VI list the results ob- 


tained in this investigation. A_ visi- 
bility index has been devised and in- 
cluded to facilitate a comparison of the 
results. The index indicates the relative 
ease with which the penetrameter holes 
were observed. 


When the films were viewed, it was 


4C. S. Barrett, R. A. Gezelius, and R. F. Mehl, “The 
ym ue of Radiography by Gamma Rays,” Metals and 
Jol. 1, p. 872 (1930). 
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found that there was a slight difference 
between the sizes of some of the images 
of the equivalent penetrameters and 
those of the contro] penetrameters, but 
this is to be expected since registry of the 
equivalent penetrameters was almost 
entirely by the true shadow whereas the 
standard penetrameter gives umbral plus 
penumbral shadows. 

Since the penetrameters were spread 
over the entire back surface of a speci- 
men, not all of the penetrameters were 
in the same favorable location. The 
short focal distances used accentuated 
this effect. Hence the thicknesses given 
below are only approximate. They indi- 
cate that the thickness of an equivalent 
penetrameter increases as the specimen 
thickness increases, which is to be ex- 
pected if the penetrameters are to indicate 
the same sensitivity in every case. The 
data showed that in order to be equivalent 
to the standard penetrameters for speci- 
men thicknesses of 13, 13, and 2 in., the 
equivalent penetrameters should have, 
respectively, approximate thicknesses as 
follows: 

0.0142 instead of 0.030, 0.020 instead 
of 0.030 and 0.025 instead of 0.040 in. 

When an equivalent penetrameter is 
used, the radiographic conditions must 
of course be the same as those used when 
the penetrameter is located in its usual 
position on the specimen surface nearest 
the source. 

The authors gratefully acknowledge 
the generous assistance and cooperation 
of the Radium Chemical Co. and the 
Bethlehem Steel Co. The authors are 
also indebted for the fellowship under 
which this investigation was carried out 
provided by the endowment of Mr. Wil- 
liam G. Gotshall. 
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Mr. R. W. Emerson.'—It may have 
sounded ridiculous when Mr. Doan men- 
tioned that it was necessary to cut holes 
in the pipe to put the penetrameters into 
the pipe, following which fact holes had 
to be welded up. It is, however, a very 
serious problem. It actually did occur in 
a steam line that was going to operate in 
the neighborhood of 1800 psi. I am 
convinced that with a good welder you 
would be better off not to radiograph the 
weld, rather than to put 3-in. handholes 
in a pipe adjacent to the weld, which 
holes in turn have to be welded up. To 
put only the radium in would require a 
l-in. hole; to get the penetrameters in 
would require a 2 to 3-in. hole. There is 
a big difference in the size of the hole and 
the size of the plug necessary, and the 
potential dangers. 

Mr. O. R. CARPENTER.*—For a good 
many years we have been building boilers 
with various types of headers and pipe, 
in which we customarily cut handholes 
over a large area in order to seal weld 
tubes. Some of these boilers work up 
to 2400-psi. pressure, and I donot believe 
we have ever had trouble with them. We 
customarily do the same thing in order to 
radiograph welds in pipe. Wehandle the 
hole merely by recessing the back and 
putting a cup-type handhole fitting in, 
which cannot thereforeblowout. Infact, 
it only takes a seal weld to hold it; cutting 
a hole in pipe is quite feasible mechani- 
cally. The handhole has no need to be 


1 peotetinegiat, Pittsburgh Piping and Equipment Co, 
Pittsburgh, Pa. 


2 Engineer, The Babcock & Wilcox Co., Barberton, 
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ad) odt sack) fred} 


radiographed because of its size, and 
also because of the shoulder on it, which 
prevents any possibility of failure of the 
weld. 

Mr. C. A. Apams.*—I should like to 
ask Mr. Doan whether there is any con- 
sistent relationship between the equiv- 
alent penetrameter and the normal one 
as between different thicknesses of wall 
or pipe. If there were a certain definite 
relationship, the equivalent penetra- 
meter might be 40, 60, or 80 per cent 
for a given film distance. 

Mr. GitBert E. have 
not plotted the results in that way, but 
with these observations of three different 
thicknesses it might be possible to find 
such a relationship. It would be worth 
trying. 

Mr. H. H. Lester.*—A penetrameter 
placed on the wrong side will show visi- 
bility and contrast; it will show whether 
it is detectable or not, but it does not 
bring out what to my mind is one of the 
most essential features, which is the 
sharpness of outline. It is unfavorably 
placed to bring that out, which I think is 
one of the most essential points of the 
penetrameter, namely, the correctness 
of the d/t ratio used. Personally I 
would rather leave the penetrameter off 
altogether if it had to be placed on 
the wrong side. 

Mr. J. P. Macos.*—Why not put a 


% Professor of Engineering, Emeritus, Harvard Uni- 
versity, Cambridge, Mass.; and Consulting Engineer, 
Edward G. Budd Manufacturin Co., Philadelphia, Pa. 

4 Professor of Metallurgy, Lehigh University, Bethle- 
hem, Pa. 

“ 5 Principal Physicist, Watertown Arsenal, Watertown, 
Mass. 

* Directing Engineer, Research Laboratories, Crane 

Co., Chicago, Ill. 
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penetrameter in a pipe line, tack-weld it 
in, then close the line with the circum- 
ferential weld and leave it there? Cut 
_ the small opening for introducing the 
_ radium, which according to Mr. Emerson 
is an easy matter, and leave the pene- 
trameter in there. Worse things than 


3) 
4. 


Shir 


WH 


do 


Pete 
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that have been found in the pipe lines 
of power plants. 

Mr. CARPENTER.—That has been 
considered a number of times, and I 
think one of the primary objections is 
that the penetrameter will eventually 
corrode out and perhaps get into the 
turbine. 


ti Si ob tes, 4 


‘ 
4. 
= 
5 
i 
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| 


developed for calculating radiographic 
distances,‘ this equation is rather cum- 


bersome for ordinary radiographic prob-— 


lems and especially so for those in which 


the A.S.M.E. Code® 


this case because, while the sizes and 
locations of flaws are variable, the di- 
ameters of the penetrameter holes are 
always the same fraction (4, 6, and 8 per 
cent) of the thicknesses of the test speci- 
mens and are always located on the 
source side of the specimen. These con- 
ditions simplify the equation substan- 
tially. 

If, furthermore, a maximum radio- 
graphic angle can be adopted, such as for 
example the 2-deg. angle of Doan and 
Young,‘ and if the penetrameters lie on 
the shortest line between the source and 
the film, then the calculation of radio- 
graphic distances for A.S.M.E. exposures 


1Gotshall Scholar in Metallurgy, and Professor of 
respectively, Lehigh (University, [Bethle- 


hem 

? Gilbert E. Doan, ‘Precision eae.” ASTM 
BuLtetin, No. 97, March, 1939, p. 2 

3 Gilbert E. Doan and Winston a. Sharp, “Precision 


tis Proceedings, Am. Soc. Testing Mats., 
Vol. 40, 1301 (1940). 

‘ Gilbert E. Doan and Shang-Shoa Young, ““Gamma- 
Ray Radiography,” Proceedings, Am. Soc. Testing Mats., 


Vol. 38, Part, II, p. 292 (1938). 
A.S.M.E. Code, p. 58 


5“Unfired Pressure Vessels,” 
(1940). 

6 Proof of this equation will be found in the Appendix 
to this paper, see p. 1175. 


is followed. 


simpler equation can be developed for — 


This is the third of a series of papers R+r uae nt 

on Precision Radiography, the first ap- sin a/2 Jet: f 
pearing in the ASTM Bu and the 
second in the 1940 Proceeding.* where: et 

While a general equation has been d = the source-to-specimen distance; 


the radius of the source; 

the radius of the flaw, the small- 
est hole in a penetrameter that 
lies on the surface of the speci- 
men nearest the source; and 

the common vertex angle sub- 
tended by the source and the 
flaw. 

Figure 1 shows diagrammatically a radi- 

ant source of radius R placed at a dis- 
tance d from a specimen containing a 

flaw of radius r. 

If, as is the case with A.S.M.E. pene- 
trameters, the holes in the penetrameters 
increase in diameter as the specimen 
thickness increases and therefore the 
angular relationship is such that the 
registration is in major part by the um- 
bral shadow, then the angular relation- 
ship between the source and the 
penetrameter holes (which determines 
the size of the penumbral shadow and 
hence the definition of the shadow image) 
will be nearly constant. In the general 
case, the flaws will not always fall on the 
shortest line between the source and the 


film. However, if the size of the flaws is 


comparable to that of the penetrameter 
holes, the flaws will be recorded with 
adequate definition because they are 
nearer the film and hence in a more 
favorable position for registry. Also, 
the angle between the flaws and the 
source will be smaller than the angle 


nes 
en 
rg 

1S 
lly 
the 
"4 
=! 

4 
& 

4 

presse by the equation 

4 


1172 


between the penetrameter holes and the 
source since the former are located at a 
greater distance from the source. 

To test this equation and to determine 
the angle a which should be adopted for 
certain registry of A.S.M.E. penetram- 
eters lying on the shortest line between 
the source and the film a series of éxpo- 
sures was made using gamma rays from 
a spherical source having a working 
diameter of 3.0 mm. 


EXPERIMENTAL METHODS 


The source of gamma radiation was a 
spherical duralumin capsule containing 


Radium Source 
rds 


# 


> 


Specimen 


yFilm 


Fic. 1. 


25 mg. of radium sulfate. The internal 
and external diameters of the capsule 
were 3.0 and 4.0 mm., respectively. 

The test specimens were prepared by 
laying a weld bead with a 5 per cent 
chromium welding rod in a V-slot ma- 
chined into the surface of }-in. steel 
plate, and different specimen thicknesses 
were obtained by backing up the face 
plates with mild steel blocks. A 5 per 
cent chromium welding rod was used to 
obtain a porous weld so that the equa- 
tion developed could be tested with both 
natural flaws and A.S.M.E. penetram- 
eters located adjacent to the weld bead. 
The weld metal was ground to remove 


| 


irregularities on the weld surface so that 
it merged smoothly into the plate sur- 
face. A different face plate was used 


TABLE I.—VERTEX ANGLE VERSUS VISIBILITY 
OF A.S.M.E. PENETRAMETERS. 
Specimen thickness, 4 in. 
| Visibility Index 
of Penetram- 
eter Holes® 
Vertex | 
Angle, | 


| 1%-in. Hole 
| Hole 


* Numbers indicate relative visibility, 1—poor, 8— 
excellent, and I—invisible. 
’ Film ruined during development. 


TABLE II.—VERTEX ANGLE VERSUS VISIBILITY 
OF A.S.M.E. PENETRAMETERS. 


Specimen thickness, in. 


| Visibility Index 
of Penetram- | 
eter Holes* 


Source- 
to-Film 
Dis- 


Visibil- 
Vertex j 
| Angle, 


| 


Hole 


@ Numbers indicate relative visibility, 1—poor, 8— 
excellent, and I—invisible. 

" No exposure made. 

* Film ruined during development. 


for each thickness of specimen, the 
specimen thicknesses being }, 3, 1, 13, 
and 2 in. 


| 
-* 
deg. tance, a 
in. ts* 
No. 251....] < 14 
No. 253....| 1 83% 
No. 254.. 1% | O% 
No. 255....| 115 | $14 
No. 256....| 134 4% 
im No. 257....| | 4% 
No. 259... 2% | 3% 
No. 2504 4% | 2 
im 
ih 
im 
i 
Film 
deg. | tance Id 
W 
A 
o. 53 81% 
o. 55 -| 1% 5% 
¢ 2% 4 
o. 501 2% 3th 
0.502...| 3. | 3% 
o. 503 3% 2% 
o. 504.. 4 | 2% 
ll 
} 


Source-to-film distances were calcu- 
lated by means of the equation using 
vertex angles of from 4 to 1 deg. In 
every case the radius of the smallest hole 


TABLE III.—VERTEX ANGLE VERSUS VISIBILITY 
OF A.S.M.E. PENETRAMETERS. 


Specimen thickness, 1 in. 


Sak Visibility Index 
enetram- 
Source- | eter Holes* | Visibil- 
Vertex | to-Film ity 
Film Angle, Dis- 2 2 Index of 
eg tance, Weld 
in. | © | © | £4, | Defects* 
| 
Bis 
No. 10"... % 19 
No. 14 
No. 12 % 13% I 3 8 
No. 13 1 10% I 3 s 
No. 14.... 9% I 2 7 
8 I 2 7 
No. 16... 1% 7} I 2 7 
No. 17*... 6% 
No. 18.... 2 5% I 1 5 
No. 19..;. Hs I I 4 
No. 101... 2 4% I I 3 
No. 102... 3 4 I [ I 2 
No. 103... % 3% I I I 1 


@ Numbers indicate relative visibility, 1—poor, 8— 
excellent, and I—invisible. 

© Nearest drill sizes were used for holes. 

No exposure made. 


TABLE IV.—VERTEX ANGLE VERSUS 
OF A.S.M.E. PENETRAMETE 


Specimen thickness, 14% in. 
| | Visibility Index | 
of Penetram- 


Source- a Visibil- 
Vertex | to-Film eter Holes | ity 
Film | | ot 
eg. | tance, e 
in. £2 | £2 | Defects* 
| | Sx 


@ Numbers indicate relative visibility, 1—poor, 8— 
excellent, and I—invisible. 
Nearest drill sizes were used for holes. 
" No exposure made. 


in the penetrameter was used in the 
computations. Source-to-film distances 
are listed in Tables I to V. 

The specimens were mounted on 
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source in the manner shown in Fig. 2 
The face plates were oriented a 
to the direction of propagation of the 


rays, and the surfaces containing the — 


penetrameters and weld defects were 


oriented towards the source so that the 


TABLE V.—VERTEX ANGLE VERSUS 


OF A.S.M.E. PENETRAMETER 
_ Specimen thickness, 2 in. 


ides] 
isi ility ndex 
of Penetram- | Visi 
& = Vertex Source- eter Holes® bility 
Film Angle, IDicta 
deg. | Weld 
No, 20"... 21 | 
No. 21”... 1 13% 
| 2a) ae 1% 9% 7 7 7 I 
No.23"....| .1% 84 
No. 24... 2 7% 6 | 6 6 I 
No. 25.....| 2% I 
No. 26.... 214 6% 3 hh a I 
No. 27.. 3 5%) | | 2 | 
No 28... 3% I I 
No 29..... 4% | I ee ee I 
No 201 3% I I | I I 


~~ @Numbers indicate relative visibility, 1—poor, 8— 
excellent, and I—invisible. 
Nearest drill sizes were used for holes. * Soe 
No exposure made. 


Fic. 2.—Experimental Arrangement. 


flaws were in the most unfavorable posi- 
tion and so that the penetrameters fell 
on the shortest line between the source 
and the film. 

The films were mounted in light-tight 
paper packs, each pack containing two 


films and three lead screens, and the 


at 
ed 
ry 
vil- 
cof 
id 
— 
ply a 
y ; 
pil! 
y 
ex of / >“ a 
8 No 1, | | 6 | 7 
7 No. 154"...| 13% | 7% | 4 
No. 155....| 2 | 6% 6 
5 No. 156....| 214 6% | 3 | 3) 3 6 
5 No. 157....| 2% 2 2 4 
4 No. 158....| 3 4% 3 
3 34 | | 1) 2 
2 4 
1 
1 
the 
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packs were securely fastened to the 
backs of the specimens with rubber 
bands. A }4-in. lead sheet served to give 
rigidity to the pack and to eliminate the 
effects of back scatter. Eastman’s Ultra 
Speed Duplitized Film was used, and ex- 
posure times were calculated from charts 
given by Barrett, Gezelius, and Mehl.’ 
Duplicate films were viewed superim- 
posed, and a visual comparison was made 
to determine what value of the vertex 
angle yielded a sharp image with a mini- 
mum exposure time. a 


RESULTS AND DIscuSsION 

Tables I to V list the results obtained 
in this investigation. A visibility index 
has been devised and included in the 
tables to facilitate a comparison of the 
results. The visibility index indicates 
the relative ease with which the pene- 
trameter holes were observed, and when 
reviewing the data it must be kept in 
mind that it was difficult to observe the 
sharpness of an image that was not read- 
ily detected in the radiograph. 

An inspection of the data listed in 
Tables I to III reveals that for specimen 
thicknesses of }, },and 1 in. the penetram- 


42> 
eter holes could not be detected. For 
these thicknesses the comparison was 
based on the weld defects which had 
diameters of about 7g in. or less but were 
deeper than the penetrameter holes. In 
the opinion of the authors adequate 
registration was not obtained until the 
vertex angle had reached a value of 
13 deg. 

An inspection of the data in Tables IV 
and V reveals that for specimen thick- 
nesses of 14 and 2 in. adequate registra- 
tion (visibility of 7) was not obtained un- 
til the vertex angle had reached a value 
of 13 deg. It is regretted that there was 
not sufficient time to make exposures at 


7 C.S Barrett, A. R. Gezelius, and R. F. Mehi, “The 
Technique of Radiography by Gamma Rays, “Metals and 
Alloys, Vol. 1, p. 872 (1930). 
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the 7 to 1 ratio prescribed by the A.S. 
M.E. code with low values of the vertex 
angle, as was done with the }, 3, and 1-in. 
specimens, but with a vertex angle of 14 
deg. all of the penetrameter holes were 
clearly outlined. 

Recommended source-to-film distances, 
based on the results of this investigation 
for registration of A.S.M.E. penetram- 
eters for a radium capsule the diameter 
of whose projected area is 3 mm., are 
listed in Table VI. If the assumption 
be made that the angular relationship 
determined holds true for specimen 


TABLE VI.—SOURCE-TO-FILM DISTANCES RECOM- 
MENDED FOR A.S.M.E. CONDITIONS FOR A 
CAPSULE OF RADIUM THE DIAMETER OF WHOSE 
PROJECTED AREA IS 3 MM. 


Specimen 


Radiographic 
Thickness, 


Distance, in. 


* For these thicknesses the assumption rae made 
that the angular relationship holds true for specimen 
thicknesses greater than 2 in. 
thicknesses greater than 2 in., then the 
radiographic distances for specimen 
thicknesses greater than 2 in. as shown 
in the table are obtained. It is expected 
that in the future this method will be 
extended to specimen thicknesses greater 
than 2 in. using capsules of different 
sizes. 

An inspection of the radiographic 
technique normally used will reveal that 
the equation tested in this experiment is 
obvious. Nevertheless, it does appear 
that the equation is useful in permitting 
the reduction of exposure time to a mini- 
mum, when the A.S.M.E. Code is fol- 
lowed. The angular relationship re- 
quired by the equation for specimen thick- 
nesses up to 2 in. has been determined. a 
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SUMMARY 


1. The equation developed is a special 
application of the method used by Doan 
and Young* to A.S.M.E. conditions. 
It gives the minimum radiographic dis- 
tance required for adequate definition of 
A.S.M.E. penetrameters when the pene- 
trameters lie on the shortest line between 
the source and the film. 

2. For the conditions examined, the 
results of this investigation show that 
adequate registration of A.S.M.E. pene- 
trameters and weld defects is obtained 


APPENDIX 


1175 


with a vertex angle of 14 deg. for speci- 
men thicknesses up to 2 in. 
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oF AUTHORS’ EQUATION 


From Fig. 3 it is readily seen that: 


« Radium Source 


i 


R+r 


« 


and 
d = X-cos@ 


When the penetrameter lies on the 
shortest line between the source and the 
film, the angle of incidence @ is zero, and 
the equation becomes: 


sin a/2 


— 
Q 


Specimen 


Film 


Fic. 3. 14.2 
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SYNOPSIS 


. oft of (pean improve the recording medium of industrial radiography 


more effectively, 


material quantitatively. 
This paper describes methods that have been worked out for interpret- 
ing the results of controlled X-ray exposures. 


= 

_ ¥ and explained in graphical form. 


Figure 1 is the basic plot of an X-ray 
exposure. It is a plot of the densities 
produced from various thicknesses of 
material with all other factors un- 
changed. When several exposure times 
are used, a family of curves is obtained. 
If the exposure time is varied as a factor, 
such as two or the square root of two, a 
family of curves is obtained with nearly 
equal intervals between the curves. Be- 
cause of the filtering action of the chang- 
ing thickness of material for nonmono- 
chromatic radiation, this spacing in- 
terval increases slightly with increasing 
thickness of material. 

A somewhat similar series of curves is 
obtained by varying the voltage and 
holding the time constant. In this case 
there is a more decided change in the 
shape of the curves due to the change in 
the quality of the radiation produced at 
the different voltages. This also is fur- 
ther modified by the changing thickness 
of material. 

For a complete study of time and 
voltage changes, the desired range must 
be covered in intervals small enough for 


1 Chief Research Engineer, Triplett & Barton Research 
Group, Triplett & Barton, Inc., Burbank, Calif. 


it is necessary to evaluate the characteristics of such 


The results are best shown 


accurate interpretation. This plot is 
referred to as a density thickness plot. 

Figure 2 gives a general picture of the 
over-all voltage-time variations. This 
technique curve is made from data ob- 
tained by a complete series of curves as 
described for Fig. 1. The voltage-time 
combinations are found for producing a 
given density at all the conditions 
covered. 

From such a plot, various exposure 
combinations can be found which will 
produce the same density for the same 
thickness. For example, it is seen from 
Fig. 2 that a density of 1.00 can be pro- 
duced for 0.5 in. of material at the fol- 
lowing conditions: 

Time, sec. 

120 


- 

Bor 

Because it is possible to determine ex- 
posure conditions for a desired result, 
this type of plot is a means of presetting 
exposure techniques. This type of 
graph is satisfactory only if the material 
in question is of uniform thickness. It 
does not indicate the thickness that will 
be included in a desired density range. 
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0.8 0.6 


Thickness, in. 
Fic. 1.—Basic X-ray Exposure. 


0.2 0.4 0.6 0.8 1.0 1.2 


big Thickness, in. 
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Primary Voltage 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 


Thickness, in. 
Fic. 3.—Voltage-Thickness Relation. Constant exposure = 600 mas. 
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Figure 3 is a technique curve similar to 
Fig. 2. The 1.0 density line is the same 
in this figure as the 60-sec. line in Fig. 2. 
The data for this line is obtained in the 
same manner. Instead of plotting lines 
for different times of exposure, they are 
plotted for the same time of exposure 
and different densities. These densities 
are usually the limiting densities due to 
the film contrast and reading equipment 
and also the most desirable average 
density. 

This plot can be used very satis- 
factorily for setting exposure techniques 
of parts with varying thicknesses, as it 
indicates the thickness that can be in- 
cluded between the density limits chosen. 
For example, if a part varied between 
0.4 in. and 0.8 in., it is seen that for 0.4 
in. of material a primary voltage of 84 is 
necessary to produce a density of 4.0. 
A density of 4.0 is the upper density 
limit in this case. It is also seen that a 
voltage of 74 is needed to produce a 
density of 1.0 for 0.8 in. The density 
1.0 is the lower density limit in this case. 
The voltage can be varied between these 
two limits. The voltage that would be 
chosen would be that which puts the 
largest or most important area at 2.5 
which is the most advantageous density. 
This is the type of plot we most com- 
monly use for setting exposure tech- 
niques. 

This plot, as shown in Fig. 3, does not 
indicate the sensitivity of the resulting 
picture. To select the most desirable 
density and the lower density limit, the 
sensitivity or radiographic contrast ob- 
tained must be determined. 

Figure 4 is the same as Fig. 1 except 
that it has digits along the curves ex- 
pressing the radiographic contrast at 
those points. The quantitative expres- 
sion of radiographic contrast is the per- 
centage of the total thickness that will 
produce a just visible density difference 


of 0.02. This percentage represents the 
percentage of the total thickness that 
would be just detectable in the inter- ~ 
pretation of a radiograph. There is a 
minimum density difference the eye can 
detect. Under favorable laboratory 
conditions this minimum value is about 
0.005. For calculating radiographic 
contrast applicable to production condi- 
tions, the conservative density difference __ 
of 0.02 is used. oy 

The value is calculated by assuming _ 
a straight-line relationship between two 
densities, usually those produced by a 
thickness difference of 0.10 in. of mate- 
rial. The thickness represented by a 
density difference of 0.02 is calculated 
and divided by the total average thick- 
ness over which the density difference 
was measured. This is multiplied by 
100 to express it in per cent. 5 

An example of a radiographic contrast 
calculation is the following: if it is found = ‘ 
that 0.10 in. of material will produce a 
density difference of 0.20, then a density ee 
difference of 0.02 will represent 0.01 in. > 
of material. If the average total thick- se ; 
ness over which the density was meas- __ 
ured was 1.00 in., then 0.01 in. would 
be 1.0 per cent of the total thickness. P oy 
This percentage is used to express the ole: 
radiographic contrast. 

This radiographic contrast calculation 
formula is as follows: 


Radiographic contrast 


AT X 0.02 x 100 
AT = 


included thickness over 
the density was measured, “ 
T = average total thickness over 
which the density was meas- 


ured, 
AD = density difference over a known | 
thickness change, and 
minimum density difference as- _ 
sumed to be detectable. \ 
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5.—Density versus Exposure Time, for Constant Thickness. Beh 
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Fic. 6. Relation Showing Contrast. 
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From plots similar to Fig. 4, radio- Figure 6 is the same as Fig. 3 except oo 
graphic contrast can be replotted on the dotted lines representing the trend of the he a; 
appropriate technique curve. radiographic contrast are added. From 
Figure 5, the characteristic curve of a__ the figure it is seen that at constant time = 
radiographic film, shows the variation — the best radiographic contrast is reached A® os 
of radiographic contrast with density. at a density of 2.5. It also shows that eee 
Each curve represents constant thick- above a density of 1.0, for the particular EU . 
ness. This plot is made from Fig. 4 film used, the radiographic contrast is _ 
using the density-time relations found generally better than 1 per cent. ‘<" 


for a constant thickness. The statement that the best density 


Constont 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 


Thickness, in. 
Fic. 7.—Radiographic Contrast Corparioon, a 
It is seen that radiographic contrast is 2.5 for constant exposure is not tobe 
improves with greater density for con- confused with the statement that the a 
stant voltage. This continues to a point radiographic contrast continues to im- °@ ; 
where it is no longer readable due to the prove with increasing density as given __ 
light source. for Fig. 5. The latter statement applies 
From a plot of this nature, the exact 9 constant voltage, and increasing the 


pda ere. required for any gives density density by exposure time rather than 
for a given thickness can be determined. tag 
by voltage. 


Such a value is used to represent the film ; ee 
speed. For our purposes we express the _ Another effect to be considered relat- — ae 
film speed as the mas. necessary to pro- ing to density and radiographic contrast —__ 
duce a density of 2.5 for 0.5 in. of a is that the high densities represent the =— 
specified material and at a given voltage thinner sections of the part. The den- 
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densities which means smaller thickness 
differences can be detected. When these 
thickness differences are expressed as a 
percentage of the total thickness where 
they occur, the percentage is usually 
greater at these thinner sections, which 
means less radiographic contrast. From 
a curve of this nature, technique can be 
set so that the density and thickness 
limits can be considered and the result- 
ing radiographic contrast within these 
limits will be known. 
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Figure 7 is an evaluation of radio- 
graphic contrast. It is obtained from 
data similar to Fig. 4, plotting the radio- 
graphic contrast obtained for a given 
density at a given voltage. This gives 
radiographic contrast comparison at con- 
stant voltage. A plot similar to Fig. 4, 
with time constant and voltage varied, 
will give radiographic contrast com- 
parison at constant time as shown in 


Fig. 7. 
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